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1 Einleitung 
 

Zecken gehören durch ihre Vektorfunktion weltweit zu den wichtigsten Ektoparasiten. Durch 

ihre hämatophage Lebensweise können sie zahlreiche Protozoen, Bakterien und Viren während 

der Blutmahlzeit auf Menschen und Tiere übertragen. Diese Erreger können zu subklinischen 

Infektionen bis hin zu lebensbedrohlichen Erkrankungen führen. In Deutschland sind in erster 

Linie der Borrelia burgdorferi sensu lato (s.l.)-Komplex, Anaplasma phagocytophilum, sowie 

das Frühsommer-Meningoenzephalitis (FSME)-Virus von human- und veterinärmedizinischer 

Bedeutung. Umweltveränderungen haben in den letzten Jahrzehnten zu einer zunehmenden 

Verbreitung verschiedener Zeckenarten und einem gestiegenen Risiko einer zeckenassoziierten 

Erkrankung geführt. So zieht die Ausbreitung der in Deutschland einst seltenen Zeckenart 

Dermacentor reticulatus eine gestiegene Inzidenz der potentiell lebensbedrohlichen kaninen 

Babesiose nach sich und stellt somit eine starke Bedrohung der heimischen Hundepopulation 

dar. Ein Monitoring der aktuellen Verbreitung verschiedener Zeckenarten sowie eine 

Beurteilung des Risikos einer Infestation und Exposition gegenüber Pathogen ist essentiell, um 

Hunde und Katzen optimal gegen zeckenübertragene Erkrankungen zu schützen, sowie einer 

weiteren Verbreitung lebensbedrohlicher Infektionskrankheiten vorzubeugen.  

 

Systematik und Bedeutung von Schildzecken in Deutschland  

Zecken (Ixodida) gehören zur Klasse der Arachnidae (Spinnentiere). Aufgrund ihres primär 

ungegliederten Körpers mit vom Körper (Idiosoma) abgesetzten Köpfchen (Gnathosoma), das 

zwei paarige Mundwerkzeuge (Pedipalpen und Cheliceren) trägt, und den vier Beinpaaren, 

werden sie der Unterklasse der Acari (Milben) und der Ordnung der Metastigmata zugeordnet. 

Die aktuell bekannten circa 900 verschiedenen Zeckenarten werden in drei Familien eingeteilt 

(BARKER und MURRELL 2004), nämlich die Schildzecken (Ixodidae), Lederzecken 

(Argasidae) und die Nuttallielidae, wovon Letztere ausschließlich im südlichen Afrika 

vorkommen (ESTRADA-PEÑA et al. 2004). Der Großteil der in Deutschland autochthonen 

Zeckenarten gehört zur Familie der Schildzecken. Als in Deutschland heimisch werden 20 

Zeckenarten angesehen (PETNEY et al. 2015). In Europa und auch in Deutschland ist Ixodes 

ricinus (Linnaeaus 1758), der gemeine Holzbock, am weitesten verbreitet (PETNEY et al. 

2012). Diese dreiwirtige Zeckenart besitzt eine Vektorfunktion für eine Vielzahl von 
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Pathogenen, beispielsweise für den B. burgdorferi s.l.-Komplex, A. phagocytophilum und das 

FSME-Virus. Eine in Deutschland für Haustiere relevante Zeckenart ist Dermacentor 

reticulatus (Fabricius 1794), die Wiesenzecke, auch Bunt- oder veraltet Auwaldzecke genannt, 

welche vor allem durch ihre Vektorfunktion für Babesia canis eine große veterinärmedizinische 

Rolle spielt (PETNEY et al. 2012, KOHN et al. 2019). Ebenfalls weit verbreitet ist die Igelzecke 

Ixodes hexagonus (Leach 1815), die in den gemäßigten Klimazonen Europas und Nordafrikas 

vorkommt (PETNEY et al. 2012). Während Igel als Hauptwirte häufig eine hohe I. hexagonus-

Infestationsintensität aufweisen, werden bei anderen Wirten wie Katzen, Hunden oder Füchsen 

meist geringere Befallsintensitäten festgestellt (LIEBISCH und WALTER 1986). Ein direkter 

Kontakt von Haustieren mit Igeln oder deren Nestern kann jedoch in einer Infestation mit einer 

großen I. hexagonus-Anzahl resultieren (PFÄFFLE et al. 2011).  

Neben dem Vorkommen verschiedener weiterer Ixodes-Arten, wie beispielsweise Ixodes 

frontalis (Panzer 1789) oder Ixodes canisuga (Johnston 1849), wird sporadisch auch über Funde 

nicht einheimischer Zeckenspezies, wie der braunen Hundezecke Rhipicephalus sanguineus 

(Latreille 1806), und heimischer, aber seltener Arten wie der Reliktzecke Haemaphysalis 

concinna (Koch 1844) aus Deutschland berichtet. Rhipicephalus sanguineus wird in erster 

Linie über den Import von Hunden sowie reisebegleitende Hunde nach Deutschland verbracht 

(BUCZEK und BUCZEK 2021), kann sich hierzulande aber nur in Innenräumen etablieren 

(zusammengefasst von DANTAS-TORRES 2010, ESCCAP DEUTSCHLAND 2018). Vor 

allem die Einfuhr von Hunden aus Ländern wie Bosnien, Bulgarien und Ungarn stellen durch 

ihre geographische Nähe zu Deutschland und die weite Verbreitung der Zeckenart vor Ort ein 

Risiko dar (ESTRADA-PEÑA et al. 2018). Mit dem Import dieser Arten steigt auch das Risiko 

der Verbreitung von Pathogenen, wie beispielsweise Ehrlichia canis (FOURIE et al. 2013), 

dem Erreger der potentiell tödlichen monozytären Ehrlichiose des Hundes.  

Zusätzlich wurden in den letzten Jahren immer wieder einzelne Exemplare der Gattung 

Hyalomma in Deutschland gefunden, welche als Nymphenstadium über Zugvögel aus Afrika 

importiert werden (CHITIMIA-DOBLER et al. 2019, CHITIMIA-DOBLER et al. 2024). Eine 

Häutung dieser an aride Habitate angepassten Zeckenart zum adulten Entwicklungsstadium 

kann zwar in warmen, trockenen Jahren stattfinden, eine dauerhafte Etablierung ist unter den 

derzeit in Deutschland vorherrschenden klimatischen Bedingungen jedoch als äußerst 

unwahrscheinlich anzusehen (CHITIMIA-DOBLER et al. 2019). 
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Partnersuche auf (KAHL et al. 2023). Jedes Entwicklungsstadium von I. ricinus ist langlebig 

und kann bis in das Folgejahr überwintern (GRAY et al. 2016), wodurch stabile 

Zeckenpopulationen trotz wechselnder Umweltbedingungen ermöglicht werden.  

 

 
 

Abb. 1: Lebenszyklus von I. ricinus unter natürlichen Bedingungen. Die Jahreszeiten, in denen 

die entsprechenden Entwicklungsformen aktiv sind, sind durch Piktogramme visualisiert. 

 

Anders als bei I. ricinus sind alle Entwicklungsstadien von I. hexagonus nestadaptiert 

(endophil) und gehen damit nicht in der Vegetation auf Wirtssuche, sind jedoch genauso 

langlebig. Dadurch kann die Vollendung des Lebenszyklus (Abb. 2) unter Feldbedingungen 

drei bis fünf Jahre dauern (TAYLOR et al. 2015), auch wenn unter Laborbedingungen bei 

Temperaturen von 22-23 °C eine vollständige Entwicklung von der frisch geschlüpften Larve 
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zum adulten Weibchen innerhalb von zwei Monaten beobachtet wurde (TOUTOUNGI et al. 

1995). Gesogene Weibchen legen bei Temperaturen zwischen 3 °C und 30 °C über einen 

Zeitraum von 19 bis 25 Tagen Eier. Die Larven schlüpfen nach 52 bis 59 Tagen (ARTHUR 

1953) und nehmen die erste Blutmahlzeit innerhalb eines Jahres auf. Unter Laborbedingungen 

konnte beobachtet werden, dass nüchterne Larven bei kühlen Temperaturen bis zu sechs Jahre 

überleben (DAUTEL und KAHL 1999). Nach 15 bis 21 Tagen häuten sich die gesogenen 

Larven temperaturabhängig zu Nymphen, wobei sich warme Temperaturen positiv auf die 

Entwicklungsgeschwindigkeit auswirkten (ARTHUR 1953). Die Blutmahlzeit der Nymphen 

dauert fünf bis sieben Tage. Bis zur Häutung zum adulten Entwicklungsstadium vergehen 

temperaturabhängig acht bis 12 Wochen, wobei kalte Temperaturen einen negativen Einfluss 

haben (zusammengefasst von WALKER 2018). Nach einer Blutmahlzeit von 16 Tagen legen 

gravide Weibchen erneut Eier (ARTHUR 1953). Bezüglich männlicher I. hexagonus wird 

davon ausgegangen, dass diese keine Blutmahlzeit aufnehmen, da sie nur sehr selten auf Wirten 

gefunden werden (PFÄFFLE et al. 2011). Durch die nestadaptierte Lebensweise findet auch 

die Paarung, anders als bei I. ricinus, vor allem im Nest des Wirtes statt (WALKER et al. 2018). 

 

  
Abb. 2: Lebenszyklus von I. hexagonus unter natürlichen Bedingungen. 
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Anders als bei I. ricinus und I. hexagonus sind bei D. reticulatus nur die adulten 

Entwicklungsstadien langlebig und in der Lage, auch lange Kälteperioden zu überleben. In 

Laborstudien überlebten D. reticulatus-Exemplare 150 Tage bei -10 °C (ZAHLER 1994), I. 

ricinus-Exemplare jedoch nur bis zu 30 Tage (DAUTEL und KNÜLLE 1997). Der 

Lebenszyklus von D. reticulatus (Abb. 3) kann unter Laborbedingungen in 80-125 Tagen 

abgeschlossen werden, unter natürlichen Bedingungen wird jedoch eine Dauer von ein bis zwei 

Jahren beobachtet, da die Weibchen vor ihrer ersten Blutmahlzeit häufig eine Diapause 

eingehen (NOSEK 1972). Legen die vollgesogenen Weibchen dann im Frühling Eier, schlüpfen 

die kurzlebigen Larven unter natürlichen Bedingungen nach 47-80 Tagen (DUSBÁBEK et al. 

1979). Diese müssen im Frühsommer ihre dreitägige Blutmahlzeit aufnehmen, um sich dann 

im Spätsommer zum Nymphenstadium zu häuten. So wie die Larven müssen auch die Nymphen 

innerhalb von sechs Wochen einen Wirt finden, um sich zum adulten Stadium häuten zu 

können. Larven und Nymphen befallen zwar dieselben Wirte, nämlich Kleinnager, Igel, 

Hasenartige und im Falle der Nymphen selten auch Fleischfresser (HORNOK et al. 2013, 

ESTRADA-PEÑA et al. 2018), kommen jedoch durch ihre kurze Lebensspanne mit 

unterschiedlicher Saisonalität so gut wie nie gleichzeitig auf dem Wirt vor (NOSEK 1972). 

Sowohl Larven als auch Nymphen sind nestadaptiert und so gut gegen äußere klimatische 

Einflüsse geschützt (MEYER-KÖNIG et al. 2001, ESTRADA-PEÑA und DE LA FUENTE 

2014). Adulte D. reticulatus-Exemplare hingehen sind exophil, gehen also in der Vegetation 

auf Wirtsuche und können mitunter, mit Ausnahme des Monats Juli, ganzjährig beobachtet 

werden (FÖLDVÁRI und FARKAS 2005, FÖLDVÁRI et al. 2007, DUSCHER et al. 2013). 

Ohne Aufnahme einer Blutmahlzeit können sie circa zwei Jahre überleben (NOSEK 1972, 

CERNY et al. 1982), jedoch wurde auch von einem Überleben von bis zu dreieinhalb Jahren 

ohne Aufnahme einer Blutmahlzeit berichtet (CERNY et al. 1982). Adulte D. reticulatus haben 

ein breites Wirtsspektrum und infestieren bis zu 60 verschiedene wildlebende und domestizierte 

Spezies (FÖLDVÁRI et al. 2016), vorrangig jedoch Hunde (HORNOK 2009, ESTRADA-

PEÑA et al. 2018). Im Gegensatz zu I. ricinus und I. hexagonus benötigen männliche D. 

reticulatus-Exemplare eine Blutmahlzeit, um kopulieren zu können (zusammengefasst von 

FÖLDVÁRI et al. 2016), und spielen somit wie auch weibliche D. reticulatus eine Rolle als 

Vektoren einer Vielzahl von Pathogenen (BARTOSIK et al. 2019), u.a. von B. canis, Babesia 

caballi, verschiedenen Rickettsia-Arten und des FSME-Virus (zusammengefasst von 
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innerhalb von 48 Stunden nach dem Stich nachgewiesen werden, ohne dass während dieser Zeit 

eine Migration in die Speicheldrüsen stattfand. Deswegen ist davon auszugehen, dass die 

Übertragung von B. afzelii retrograd über den Verdauungstrakt der Zecke erfolgt und dadurch 

schneller stattfinden kann als bei B. burgdorferi s.s. (POSPISILOVA et al. 2019). Auf 

biochemischer Ebene geht der Prozess der Aktivierung der Lyme-Borrelien mit einer 

Abregulierung des spirochätalen Oberflächenproteins OspA und einer Aufregulierung von 

OspC einher. Mit zunehmender Dauer der Blutmahlzeit überwiegt die Produktion von OspC 

(MANNELLI et al. 2012). Die OspC-Expression hält so lange an, bis die infektiösen 

Spirochäten sich im die Stichstelle umgebenden Gewebe verbreitet haben und schützt diese in 

Verbindung mit Salp15, einem Protein aus dem Zeckenspeichel, vor einer komplement-

mediierten Phagozytose (zusammengefasst von LIN et al. 2020).  

Die LB des Menschen stellt eine systemische Erkrankung dar, welche initial häufig durch ein 

Erythema migrans sowie grippeähnliche Symptome in Erscheinung tritt (STRLE und STANEK 

2009, LITTLE et al. 2010). Im Rahmen einer chronisch fortschreitenden Erkrankung können 

betroffene Menschen schwerwiegende Formen einer Neuroborreliose, Arthritis oder seltener 

einer Karditis entwickeln (STANEK et al. 2012). Bei Hunden (LITTLE et al. 2010) und Pferden 

(GALL und PFISTER 2006) kann ebenfalls eine klinische Manifestation der LB auftreten. 

Auch wenn eine Infektion von Hunden in bis zu 95% der Fälle subklinisch verläuft, wurden 

Polyarthritiden, Fieber, Anorexie, Nephropathien und Lymphadenopathien beschrieben 

(LITTLE et al. 2010, LITTMAN et al. 2018). Bei Pferden zeigt sich ein ähnliches 

Krankheitsbild, zusätzlich wurden Keratitiden, Endokarditiden, Aborte, Akrodermatitis, 

Sarkoidbildung, Hyperästhesie und Somnolenz im Zuge einer B. burgdorferi s.l.-Infektion 

beobachtet (BURGESS 1988, LIEBISCH et al. 1999, GALL und PFISTER 2006). Bei Katzen 

wurde eine klinische Ausprägung der LB nur äußerst selten beschrieben, sodass eine klinische 

Relevanz fragwürdig erscheint (FRITZ und KJEMTRUP 2003). Domestizierte Wiederkäuer 

scheinen durch eine wirtsspezifische komplement-mediierte Clearance der Borrelien vor einer 

Infektion geschützt zu sein (TELFORD et al. 1988, MATUSCHKA et al. 1993). 

Neben den Borrelien des B. burgdorferi s.l.-Komplexes können die genannten Vektorzecken 

auch Borrelia miyamotoi übertragen, welche zu den Rückfallfieberborrelien zählt. Anders als 

die Arten des B. burgdorferi s.l.-Komplexes zeichnet sich B. miyamotoi durch die Expression 

eines Glycerophosphodiester-Phosphodiesterase (GlpQ)-Gens aus, welches zu einem 
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infizierte Hunde, insbesondere solche mit subklinischer, also asymptomatischer Ausprägung, 

welche in großflächig endemischen Regionen wie dem Mittelmeergebiet vorherrscht, können 

zu einer weiteren Verbreitung von B. canis innerhalb Deutschlands beitragen (EULER 2022). 

Gleiches gilt für die Verschleppung infizierter Zecken, sodass einem konsequenten 

Zeckenschutz auch vor diesem Hintergrund eine besondere Bedeutung zukommt. 

 

Zielsetzung 

Um aktuelle Erkenntnisse zum Zeckenbefall bzw. dem Infestationsrisiko und dem damit 

einhergehenden Expositionsrisiko gegenüber zeckenübertragenen Pathogenen von Hunden und 

Katzen in Deutschland zu generieren, wurden im Rahmen der vorliegenden Arbeit verschiedene 

Studienansätze gewählt.  

Im ersten Teil der Arbeit sollte in drei verschiedenen Forschungsansätzen die Abundanz und 

Aktivität der wichtigsten Zeckenarten von Hund und Katze im Jahresverlauf vergleichend 

untersucht werden. Im Rahmen einer tierärztlich gestützten Einsendungsstudie wurden zu 

diesem Zweck neben dem Spektrum der bei Hund und Katze vorkommenden Zeckenarten und 

deren aktueller geographischer Verbreitung auch Daten zur jahreszeitlichen Exposition sowie 

zur Saugdauer der Zecken erhoben. Der zweite Ansatz stellte eine Freilandstudie dar, in welcher 

neun ausgewählte Standorte in Niedersachen und Hessen über zwei Sommer- sowie 

Winterperioden mittels Flaggmethode beprobt wurden, um neben der Abundanz insbesondere 

die saisonale Aktivität von I. ricinus bzw. D. reticulatus im Zuge des Klimawandels zu erfassen. 

Diese Freilanduntersuchungen zur Zeckenaktivität wurden durch Untersuchungen unter quasi-

natürlichen Verhältnissen ergänzt, bei der eine Quantifizierung der genannten Zeckenarten im 

Jahresverlauf in artifiziell erstellten Mikrohabitaten, sogenannten Zeckenplots, erfolgte. Die 

beiden letztgenannten Forschungsansätze inkludierten Datenerhebungen zu Temperatur, 

Luftfeuchtigkeit, Wetter und Vegetation, um den Einfluss von klimatischen und 

standortabhängigen Faktoren auf die Zeckenaktivität statistisch auszuwerten.  

Ein weiteres Ziel der vorliegenden Arbeit war es, bevorzugte Ansatzstellen verschiedener 

Zeckenarten sowie Risikofaktoren für eine Infestation bei Hunden und Katzen zu identifizieren. 

Mittels Fragebogen wurden im Zuge der tierärztlich gestützten Einsendungsstudie nicht nur der 

Kollektionsmonat und die geographische Herkunft der Zecken, sondern auch wirtsbezogene 

Daten sowie die Ansatzstelle der entfernten Zecke erhoben. Die dokumentierten Ansatzstellen 
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wurden mit zusätzlich erhobenen Daten aus einer experimentellen Infestation von Katzen mit 

I. ricinus-Exemplaren verglichen.  

Schließlich erfolgte im dritten Teil der Arbeit eine Auswahl von je 1.500 weiblichen I. ricinus-

Exemplaren von Hunden beziehungsweise Katzen aus der tierärztlich gestützten 

Einsendungsstudie, die mittels Sonden-basierter quantitativer real-time PCR (qPCR) auf 

Borrelia spp. und A. phagocytophilum untersucht wurden. Eine Borrelia-

Speziesdifferenzierung mittels Reverse Line Blot-Hybridisierung (RLB) schloss sich an. Die 

erhobenen Daten zur Prävalenz, Pathogenlast und Borrelia-Speziesverteilung wurden 

vergleichend zwischen Hund und Katze sowie bezüglich der Infestationsintensität der 

jeweiligen Wirte und der Saugdauer der Zecken ausgewertet.  

Die Ergebnisse dieser verschiedenen Studien im Rahmen der vorliegenden Arbeit sollten eine 

Neubewertung der Thematik vor dem Hintergrund der sich im Zuge des Klimawandels 

verändernden Bedingungen mit entsprechenden Folgen hinsichtlich der Zeckenfauna und 

Zeckenaktivität ermöglichen. Eine solche Neubewertung und gegebenenfalls entsprechend 

umzusetzende Maßnahmen können nicht nur dazu beitragen, den Schutz des individuellen 

Tieres zu verbessern, sondern auch die weitere Ausbreitung von zeckenübertragenen 

Krankheiten einzudämmen.  
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I. hexagonus (0.9%) collected only marginally from cats. The average infestation intensity 

amounted to 1.62 ticks/dog and 1.88 ticks/cat. The single to multiple infestation ratio was 79.1% 

to 20.9% in dogs and 69.0% to 31.0% in cats, with cats being significantly more often multiple 

infested than dogs, while the proportion of mixed-species infestations was 2.0% for both dogs 

and cats. The average attachment duration of female I. ricinus specimens amounted to 78.76 

hours for dogs and 82.73 hours for cats. Furthermore, year-round tick exposure was confirmed, 

with 108 D. reticulatus and 70 I. ricinus received on average per month during December 2020 

to February 2021.  

Conclusions: The study shows a year-round tick infestation risk, with activity of both D. 

reticulatus and I. ricinus during winter and confirms the widespread occurrence of D. 

reticulatus in Germany. Additionally, long average attachment durations and quite high 

multiple infestation frequencies underline the need for adequate year-round tick control, i.e. 

even during the winter months. 
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Year-round tick exposure of�dogs and�cats 
in�Germany and�Austria: results from�a�tick 
collection study
Julia Probst1, Andrea Springer1 and Christina Strube1* 

Abstract 
Background Ticks and tick-borne diseases play a major role in companion animal health. Additionally, the European 
tick fauna is changing, for instance due to the spread of Dermacentor reticulatus, displaying a higher likelihood of 
winter activity than Ixodes ricinus. Therefore, we investigated current tick infestations in dogs and cats in Germany and 
in parts of Austria and the seasonal infestation risk.
Methods Overall, 219 veterinary practices were invited to collect ticks from cats and dogs on a monthly basis. Ticks 
were morphologically identi�ed and female I. ricinus specimens were measured to estimate attachment duration.
Results In total, 19,514 ticks, 17,789 (91.2%) from Germany and 1506 (7.7%) from Austria, were received between 
March 2020 and October 2021, with 10,287 specimens (52.7%) detached from dogs, 8005 from cats (41.0%) and 1222 
from other species (6.3%). In Germany, the most common tick species collected from dogs were I. ricinus (78.0%) and 
D. reticulatus (18.8%), while cats mainly harboured I. ricinus (91.3%) and I. hexagonus (5.5%) and only few D. reticulatus 
(0.6%). In Austria, collected I. ricinus reached similar proportions in dogs (90.4%) and cats (95.3%), followed by D. reticu-
latus in both dogs (5.2%) and cats (1.5%), with I. hexagonus (0.9%) collected only marginally from cats. The average 
infestation intensity amounted to 1.62 ticks/dog and 1.88 ticks/cat. The single to multiple infestation ratio was 79.1% 
to 20.9% in dogs and 69.0% to 31.0% in cats, with cats being signi�cantly more often multiple infested than dogs, 
while the proportion of mixed-species infestations was 2.0% for both dogs and cats. The average attachment duration 
of female I. ricinus specimens amounted to 78.76 h for dogs and 82.73 h for cats. Furthermore, year-round tick expo-
sure was con�rmed, with 108 D. reticulatus and 70 I. ricinus received on average per month during December 2020 to 
February 2021.
Conclusions The study shows a year-round tick infestation risk, with activity of both D. reticulatus and I. ricinus during 
winter, and con�rms the widespread occurrence of D. reticulatus in Germany. Additionally, long average attachment 
durations and frequent multiple infestations underline the need for adequate year-round tick control, even during the 
winter months.
Keywords Ixodes ricinus, Ixodes hexagonus, Dermacentor reticulatus, Ticks, Cat, Dog, Pets, Winter, Europe, Geographical 
distribution

Background
Ixodes ricinus, known as the sheep or castor bean tick, 
and Dermacentor reticulatus, known as the meadow 
or ornate dog tick, are the most common tick spe-
cies in temperate Europe and act as vectors for various 
diseases of veterinary importance. Among the most 
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frequent tick-borne diseases (TBDs) of dogs and cats in 
central Europe is granulocytic anaplasmosis, transmit-
ted by I. ricinus. Furthermore, I. ricinus acts as a vector 
for Borrelia spirochaetes, causing Lyme borreliosis, and 
for tick-borne encephalitis virus (TBEV), which may be 
pathogenic to dogs [1]. Moreover, potentially fatal canine 
babesiosis transmitted by D. reticulatus represents a 
major threat for dogs [2, 3].

During the last decades, the central European tick 
fauna has undergone signi�cant changes, with an 
increasing distribution of ticks across Europe as well as 
altered activity patterns with a tendency towards year-
round activity [4, 5]. While the latitudinal and altitudinal 
range limit of I. ricinus is continuously increasing [6, 7], 
D. reticulatus has undergone a rapid and dramatic range 
expansion in central Europe, e.g. in Poland [8], the Czech 
Republic [9] and Germany [5, 10]. �e reasons for the 
geographical spread are not yet fully elucidated and may 
include global climate change as well as changes in land 
use and biodiversity [10, 11]. �e role of re- and defor-
estation is currently subject to debate [4, 12], whereas dif-
ferent studies mention an increasing wildlife population 
as a driving force for the spread of D. reticulatus [10, 13]. 
As D. reticulatus prefers open landscapes [14], increasing 
deforestation and a decrease of agricultural diversity may 
have contributed to the successful establishment of this 
tick species in many areas, while increased temperatures 
facilitate the completion of the tick�s life cycle within 1 
year [15]. In addition, more and more dogs are traveling 
with their owners or are imported from di�erent coun-
tries, promoting a spread of tick species across country 
borders [4, 13]. Related to this expansion of D. reticula-
tus, it is alarming that the incidence of canine babesiosis 
has increased in Germany and neighbouring countries in 
recent years [16�18].

In addition to changes in the geographic occurrence 
of ticks, altered tick activity patterns may result in an 
increased risk of TBD transmission. Particularly, increas-
ingly mild winters may lead to year-round tick activity 
[19, 20]. It is commonly assumed that I. ricinus starts 
to be active at soil temperatures above approximately 
5�7�°C [21], while D. reticulatus is active at a wider tem-
perature range, starting from an air temperature of 0.7�°C 
and an even lower soil temperature of � 0.2�°C [22], while 
an increased level of activity has been recorded from 
3.8� °C air temperature [23]. In addition, D. reticulatus 
displays high survival rates and activity during winter in 
the temperate climatic zone [24].

In light of the above-mentioned changes, a nation-wide 
update regarding tick exposure of dogs and cats is needed 
to adequately assess the infection risk and improve rec-
ommendations for veterinarians and pet owners. Previ-
ous studies investigating patterns of tick infestation in 

dogs and cats in Germany were mostly performed on a 
local scale and/or date several years back [10, 25, 26]. In 
the �rst of these studies, domestic and wild animals from 
north Baden, in the southwest of Germany, were exam-
ined over a 1-year period from 1993 to 1994. Overall, 434 
ticks were collected, consisting of 88.7% I. ricinus (62.2% 
from cats and 25.6% from dogs) and 11.3% Ixodes hexago-
nus (3.2% from cats and 1.4% from dogs) [25]. Consider-
ing the northern German region of Berlin/Brandenburg, 
which has been known as D. reticulatus-endemic for 
several years, a study from 2003 indicated that the most 
frequently collected tick species from dogs was I. ricinus 
(60.8%), followed by a proportion of 11.2% D. reticula-
tus as well as 4.1% I. hexagonus [10]. �e proportion of 
D. reticulatus on dogs increased to 45.0% in the same 
area in 2010/2011, while 46.0% of collected ticks were 
I. ricinus and 8.8% I. hexagonus [26]. �ese data indi-
cate that a change in the tick population infesting dogs 
and cats occurred during the past decades, resulting in 
an increased or expanded risk of infection with TBDs, 
respectively. Meanwhile, D. reticulatus has been detected 
all over Germany [5], but the relative frequency on dogs 
and cats as compared to I. ricinus as well as the pro-
portion of other possibly infesting tick species remains 
unknown on a national level. �erefore, the present study 
analysed geographic and seasonal patterns of tick expo-
sure of dogs and cats in Germany and Austria based on 
ticks collected by participating veterinary practices.

Methods
Tick collection and�morphological identi�cation
Tick collection from infested dogs and cats was designed 
as convenience sampling by recruiting veterinary prac-
tices via sales representatives of Intervet Deutschland 
GmbH. In each of 27 sales areas, 10 practices were con-
tacted with a focus on an even distribution over rural and 
urban areas. �e contacted veterinary practices received 
an information folder and a registration form for partici-
pation in the study. Recruiting took place 1 month prior 
to study start and over the course of the �rst 5 months 
of the study. Of the contacted practices, a total of 225 
agreed to participate, of which 219 participated actively 
(197 from Germany and 22 from Austria). Tick collec-
tion kits containing tick removal tools, 10 tick collection 
tubes (one tube to be used per animal) and 10 question-
naires each were sent to the participating veterinarians 
once a month from May 2020 to June 2021, i.e. over a 
14-month period. In case > 10 animals were sampled per 
month, it was possible to reorder kits. For reasons of data 
protection, it was not possible to record the locations of 
the participating veterinarians, but the ticks� geographic 
origin was obtained via a questionnaire in form of the 
owner�s postal zip code along with space for further 
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speci�cations of the area of origin. Questionnaires were 
matched to the tick collection tubes with a unique iden-
ti�cation number. Travel history during the last 2 weeks 
before tick collection was also documented. In addition, 
the date of tick detachment was indicated. After every 
month, collected ticks were sent to the Institute for Para-
sitology, University of Veterinary Medicine Hannover, 
where they were morphologically identi�ed under a ster-
eomicroscope (ZEISS Stemi SV 11) according to keys by 
A.M. Estrada-Peæa, D. Andrei and T. Petney [14].

Determination of�tick attachment duration
Female I. ricinus specimens were measured using the 
OLYMPUS cellSens Entry (v. 3.2) software paired with an 
OLYMPUS SC50 camera adapter to determine the coxal 
index and estimate the duration of attachment via the 
formula described by J. Gray, G. Stanek, M. Kundi and 
E. Kocianova [27]. Values > 245� h were assessed as not 
reliable and excluded. Due to a lack of data concerning 
the correlation of morphometric indices with engorge-
ment time for D. reticulatus, calculation was not possible 
for this species and the attachment time was estimated 
visually. Here, the size increase of the idiosoma was used 
to classify three stages of engorgement: unengorged 
(0�24� h), partially engorged (> 24�144� h) and fully 
engorged (> 144�h), following Fielden et�al. [28].

Tick distribution mapping and�statistical analyses
Obtained data were documented in an Excel® spread-
sheet (Microsoft O�ce Professional Plus� 16). �e geo-
graphic distribution of received ticks was plotted using 
R. v. 4.1.0 [29] with geographic data distributed by Open-
StreetMap under the Open Database License (www. 
opens treet map. org/ copyr ight).

�e distribution of the three most common tick spe-
cies (I. ricinus, D. reticulatus and I. hexagonus) as well 
as the proportion of single and multiple infestations was 
compared between dogs and cats via Chi-square test or 
Fisher�s exact test if counts in any category were < 5. To 
examine seasonal di�erences in the ratio of single and 
multiple I. ricinus infestations between dogs and cats, 
separate Chi-square tests were carried out for ticks col-
lected from December to February (winter), March to 
May (spring), June to August (summer) as well as Sep-
tember to November (autumn). P-values were corrected 
for multiple comparisons using the Bonferroni method. 
Tick attachment duration was compared between dogs 
and cats via Mann-Whitney U-test.

Results
Received tick species
In total, 19,514 tick specimens were collected along with 
respective documentation via questionnaire, 18,126 of 

them between May 2020 and June 2021, during the origi-
nally envisioned 14-month study period. �e remaining 
1388 ticks were additionally collected from March�April 
2020 (10/1,388) and July�October 2021 (1193/1388), or 
no date of collection was documented on the question-
naire (185/1388).

Most received ticks were identi�ed as I. ricinus 
(15,943/19,514, 81.70%), followed by D. reticulatus 
(2,013/19,514, 10.32%) and I. hexagonus (1012/19,514, 
5.19%). Furthermore, Dermacentor marginatus 
(38/19,514, 0.19%), Rhipicephalus sanguineus (8/19,514, 
0.04%), Haemaphysalis concinna (9/19,514, 0.05%), 
Ixodes canisuga (7/19,514, 0.04%) and Ixodes frontalis 
(6/19,514, 0.03%) were among the received ticks. �e 
remaining 452 ticks (2.32%) were only identi�ed to genus 
level because of a deteriorated condition or the di�culty 
to di�erentiate between larval and nymphal I. hexagonus 
and I. canisuga (precisely 258 I. hexagonus/I. canisuga, 
161 Ixodes spp., 43 Dermacentor spp. and 4 Rhipicepha-
lus spp.).

In terms of host species, 8095 (78.69%) of the ticks 
found on dogs were identi�ed as I. ricinus, 1860 (18.08%) 
as D. reticulatus and 166 (1.61%) as I. hexagonus (Fig.�1). 
Further tick species detected on dogs were R. sanguineus, 
H. concinna, I. canisuga, I. frontalis and D. marginatus 
(Table� 1). Of all the ticks found on cats, 7344 (91.74%) 
were identi�ed as I. ricinus, 398 (4.97%) as I. hexagonus 
and 56 (0.70%) as D. reticulatus (Fig.� 1). �is distribu-
tion di�ered signi�cantly compared to dogs (�2 = 1555.5, 
df = 2, P < 0.001). Apart from dogs and cats, various other 
host species contributed a total of 1222 ticks, as sum-
marised in Table�1. Regarding tick developmental stages, 
only adult D. reticulatus specimens were sent in. For I. 
ricinus, 1.07% (87/8095) of specimens found on dogs and 
1.67% (123/7344) of specimens from cats were immature 
stages (larvae or nymphs), respectively (Fig.�2). Regarding 
I. hexagonus, 18.67% (31/166) of the specimens detached 
from dogs and 43.72% (174/398) of those from cats were 
immature (Fig.� 2). Immature stages of I. ricinus (larvae: 
30/15,913; 1.89%; nymphs: 347/15,913; 2.18%) and I. 
hexagonus (larvae: 12/1012; 1.19%; nymphs: 226/1012; 
22.33%) were mainly sent in from Germany, while only 
2 larvae and 10 nymphs of I. ricinus were received from 
Austria.

Geographical distribution of�received ticks
Most of the collected ticks were sent in from Germany 
(17,789/19,514; 91.16%) and Austria (1,506/19,514; 
7.72%). In addition, some sporadic submissions from 
France (15/19,514; 0.08%), �e Netherlands (3/19,514; 
0.02%) and Switzerland (3/19,514; 0.02%) were received, 
while the country and postal code of 198/19,514 submis-
sions (1.01%) was not indicated. �e distribution of I. 

http://www.openstreetmap.org/copyright
http://www.openstreetmap.org/copyright
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ricinus and D. reticulatus per postal code area is shown 
in Fig.�3. As expected, I. ricinus was received from all par-
ticipating veterinarians. Due to the location of recruited 
practices, some clustering (> 50 ticks per postal code 
area) in the German federal states of Lower Saxony and 
Bavaria was observed. Regarding the federal state of 
Mecklenburg-Western Pomerania, only few ticks were 
received because only a few veterinarians from the north-
east of this federal state participated in the study.

Except for Schleswig-Holstein and the two city states 
Hamburg and Bremen in the northernmost part of Ger-
many, from where fewer ticks were received overall 
because of few participating veterinarians, D. reticulatus 
was also sent in from all German federal states. Primar-
ily, D. reticulatus specimens were sent in from the east of 
Germany, where the proportion of D. reticulatus among 
ticks found on dogs reached up to 66.67% (federal state 
of Saxony-Anhalt, Table�2, Fig.�4). Among the remaining 
federal states, this proportion varied between 0.99 and 
63.59%. Regarding cats, the proportion of D. reticulatus 
varied between 0 and a maximum of 1.81% (federal state 
of Saxony-Anhalt, Table� 2). �e infestation rates with 
the most frequently collected tick species among tick-
infested dogs and cats in the di�erent German and Aus-
trian federal states are given in Additional �le�1: Table�S1.

Due to the lower number and uneven distribu-
tion of recruited veterinary practices in Austria, ticks 
were mostly sent in from �ve federal states, namely 

Burgenland, Salzburg, Styria, Lower Austria and Tyrol, 
with sporadic collections in other areas. Regarding D. 
reticulatus, 91.15% (43/47) of the Austrian specimens 
were received from the state of Burgenland, with 22 
specimens (46.81%) found in only one postal code area 
(7023). Most I. ricinus submissions came from Salz-
burg (284/1,375; 20.65%), Styria (271/1,375; 19.71%), 
Burgenland (261/1,375; 18.98%) and Lower Austria 
(223/1,375; 16.22%), so that other parts of Austria may 
be underrepresented, since only a few veterinarians 
participated in Austria. An overview of the distribu-
tion of the most frequently collected tick species from 
cats and dogs over the Austrian federal states is given 
in Additional �le�2: Table�S2.

Characterisation of�tick origin
Only a few owners gave speci�c information on animal 
husbandry, namely that the animal only had access to 
their yard or garden (280/18,295; 1.53%) or lives near 
the coast (43/18,295; 0.23%).

Most of the ticks were probably acquired in the 
declared postal code area, as the host animals had 
not left this region during the last 2 weeks before 
tick collection (16,178/19,514; 82.90%). While 6.90% 
(1,347/19,514) of host animals had a travel history 
beyond the given postal code area or even beyond the 
German border, in 10.19% (1,989/19,514) of cases, no 
data on travel history were available.
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Infestation intensity and�co-infestations in�dogs vs. cats
In total, 6335 dogs were part of this submission study and 
provided a total of 10,287/19,514 ticks, so that the aver-
age infestation was 1.62 ticks per dog. Of all dogs, 5011 
(79.10%) were infested with a single tick only and 1324 
(20.90%) with more than one tick, whereby the maximum 
number of detached ticks from one dog amounted to 
96. �is dog was reported as a Labrador-Husky mix co-
infested with 91 adult I. ricinus and 5 adult D. reticulatus.

Concerning cats, 4248 animals were sampled and pro-
vided a sample size of 8,005/19,514 ticks, so that the 
average infestation was 1.88 ticks per cat. �e number 
of single infestations amounted to 2932 (69.02%), while 
1316 cats (30.98%) were infested with multiple ticks. 
�e proportion of multiple infestations on cats was sig-
ni�cantly higher compared to dogs (�2 = 137.45, df = 1, 
P < 0.001). �e highest infestation intensity was recorded 
on a European shorthair, which was infested with 54 I. 
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Fig. 3 Geographical distribution (zip code areas) and number of all ticks (A), I. ricinus (B) and D. reticulatus (C) detached from dogs and cats in 
Germany and Austria. A map of the federal states of Germany and Austria is shown in the upper right corner (Germany: BW = Baden-Württemberg, 
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Austria: BU = Burgenland, CA = Carinthia, LA = Lower Austria; UA = Upper Austria, SA = Salzburg; ST = Styria, TY = Tyrol, VA = Vorarlberg, VI = Vienna)



Page 7 of 16Probst�et�al. Parasites & Vectors  2023, 16(1):70 

hexagonus specimens, including 50 nymphs and four 
females.

�e seasonal pattern of infestations with multiple vs. 
single specimens of the most frequently detected tick 
species (i.e. I. ricinus and D. reticulatus for dogs and I. 
ricinus and I. hexagonus for cats) is visualised in Fig.� 5. 
Regarding I. ricinus, both single and multiple infestations 
peaked during the period of main tick activity, which was 
from May to July (Fig.�5A, C). Concerning D. reticulatus, 
also both infestation types peaked during the tick�s main 
activity periods, e.g. September to October 2020 as well 
as in March to April 2021 (Fig.� 5B). In contrast, single 
infestations with I. hexagonus in cats occurred through-
out the study period without distinct peaks, while infes-
tations with multiple specimens peaked in May 2021 
(Fig.� 5D). While in dogs the number of single infesta-
tions was always above the level of multiple infestations, 
cats were infested with multiple ticks more often in the 
times of species-related activity peaks (Fig.�5C, D). Cats 
had a signi�cantly higher proportion of multiple infesta-
tions with I. ricinus than dogs in each season of the year 
(Table�3).

�e seasonal comparison of single and multiple infesta-
tions between the two most frequently collected tick spe-
cies per host showed signi�cant di�erences in dogs. �e 
proportion of multiple infestations by D. reticulatus was 
signi�cantly higher compared to I. ricinus in the autumn 

of 2020 (�2 = 47.092, df = 1, P < 0.001), winter of 2020/21 
(�2 = 21.886, df = 1, P < 0.001) and spring 2021 (Fisher�s 
exact test, P < 0.001), while in summer 2021 the oppo-
site pattern occurred (�2 = 9.3044, df = 1, P < 0.001). For 
cats, no signi�cant di�erence between seasonal rates of 
multiple infestations with I. ricinus and I. hexagonus was 
recorded (P > 0.05).

Most multiple infestations were limited to one tick spe-
cies, while fewer mixed-species infestations were also 
observed, namely in 128 (2.02%) dogs and 84 (1.98%) 
cats. �ese showed a similar pattern in dogs and cats 
throughout the study and peaked between March and 
June 2021 (Fig.� 6). Regarding the di�erent tick species 
in these mixed infestations, in dogs almost as many D. 
reticulatus (40.1%) as I. ricinus (48.5%) specimens were 
found, followed by some I. hexagonus (3.2%). In cats, the 
dominating species was I. ricinus (59.3%), followed by I. 
hexagonus (17.1%) and not further determinable Ixodes 
sp. (9.9%).

Attachment duration
Attachment duration was calculated for 10,871 female I. 
ricinus, 5175 of which were collected from dogs and 5544 
from cats. For another 1421 specimens collected from 
dogs (21.54%) and 674 of those from cats (10.84%), the 
attachment time was not determinable because of calcu-
lation limits resulting in extreme values; therefore, these 

Table 2 Overview of the distribution of the most frequently collected tick species from cats and dogs over the German federal states 
(number per tick species/% of total ticks)

* Percentages refer to the whole of Germany

Dogs Cats

I. ricinus D. reticulatus I. hexagonus Total I. ricinus D. reticulatus I. hexagonus Total

Baden-Württemberg 763/90.40% 42/4.98% 19/2.25% 824/97.63% 527/85.28% 1/0.16% 61/9.87% 589/95.31%
Bavaria 1,190/86.17% 151/10.93% 27/1.96% 1,368/99.06% 1,370/87.48% 1/0.06% 145/9.26% 1,516/96.81%
Berlin 70/67.31% 32/30.77% 0/0.00% 102/98.08% 61/96.83% 1/1.59% 0/0.00% 62/98.41%
Brandenburg 282/32.49% 552/63.59% 9/1.04% 843/97.12% 388/94.87% 0/0.00% 10/2.44% 398/97.31%
Bremen 93/92.08% 0/0.00% 6/5.94% 99/98.02% 30/90.91% 0/0.00% 3/9.09% 33/100%
Hamburg 35/94.59% 0/0.00% 0/0.00% 35/94.59% 24/100% 0/0.00% 0/0.00% 24/100%
Hesse 454/65.42% 223/32.13% 9/1.30% 686/98.85% 317/96.35% 2/0.61% 7/2.13% 326/99.09%
Lower Saxony 1,188/88.59% 104/7.76% 23/1.72% 1,315/98.06% 821/94.69% 0/0.00% 28/3.23% 849/97.92%
Mecklenburg-Western Pomera-
nia

210/92.92% 13/5.75% 2/0.88% 225/99.56% 184/85.19% 0/0.00% 29/13.43% 213/98.61%

North Rhine-Westphalia 1,265/96.27% 13/0.99% 27/2.05% 1,305/99.32% 693/95.98% 1/0.14% 15/2.08% 709/98.20%
Rhineland-Palatinate 560/94.44% 25/4.22% 4/0.67% 589/99.33% 502/94.36% 2/0.38% 9/1.69% 513/96.43%
Saarland 136/90.67% 11/7.33% 0/0.00% 147/98.00% 113/89.68% 0/0.00% 11/8.73% 124/98.41%
Saxony 338/62.71% 185/34.32% 8/1.48% 531/98.52% 576/94.89% 2/0.33% 13/2.14% 591/97.36%
Saxony-Anhalt 166/30.07% 368/66.67% 8/1.45% 542/98.19% 253/91.34% 5/1.81% 18/6.50% 276/99.64%
Schleswig-Holstein 119/95.95% 0/0.00% 9/2.28% 388/98.23% 309/97.17% 0/0.00% 2/0.63% 311/97.80%
Thuringia 379/78.81% 28/18.54% 2/1.00% 149/98.68% 133/75.14% 0/0.00% 29/16.38% 162/91.53%
Total* 7,248/78.02% 1,747/18.81% 153/1.65% 9,148/98.47% 3,601/91.53% 15/0.22% 380/5.52% 6,696/97.27%
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ticks were excluded. Dogs infested with female I. ricinus 
specimens harboured these for 78.76�h on average (stand-
ard deviation [SD] = 45.22� h, median = 76.85� h). In cats, 
the average attachment time was slightly higher (Mann-
Whitney U-test, �2 = 13,300,506, P < 0.001), with an aver-
age of 82.73�h (SD = 41.65�h, median = 82.94�h; Fig.�7).

Among the 1159 female D. reticulatus specimens col-
lected from dogs, 42.02% (487/1159) were fully engorged, 
21.92% (254/1159) were partially engorged and 35.98% 
(417/1159) were detached before engorgement started, 
while for one specimen the stage of engorgement was 
impossible to determine because of the tick�s condition. 
In cats, the distribution was similar although the sample 
size was considerably lower. Of the 33 collected females, 

45.45% (15/33) were fully engorged, 21.21% (7/33) were 
partially engorged and 33.33% (11/33) were unengorged.

Temporal course of�I. ricinus and�D. reticulatus collection
To account for the fact that the number of actively par-
ticipating veterinary practices varied between indi-
vidual months, the monthly number of received ticks 
was divided by the number of active participants in that 
month (Fig.�8a). �e study started in May 2020 with 86 
participating veterinarians and resulted in a maximum 
number of 219 recruited participants in September 2020, 
197 from Germany and 22 from Austria. After Septem-
ber 2020, no new participants were recruited and the 
number of actively participating veterinarians, meaning 

Fig. 4 Proportions of the three most frequent tick species detached from dogs per German federal state. A map of the federal states of Germany 
is shown in the upper right corner (Germany: BW = Baden-Württemberg, BY = Bavaria, BE = Berlin, BB = Brandenburg, HB = Bremen, HH = Hamburg, 
HE = Hesse, LS = Lower Saxony, MV = Mecklenburg-Vorpommern, NW = North Rhine-Westphalia, RP = Rhineland-Palatinate, SL = Saarland, 
SN = Saxony, ST = Saxony-Anhalt, SH = Schleswig-Holstein, TH = Thuringia)
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all participants that did not sign o� for the month and 
got a new collection kit, never dropped below 200 during 
the predetermined study period up to June 2021 (Fig.�8). 
In July 2021, just 160 veterinarians were supplied with 
tick collection boxes because only remaining kits were 
sent out. However, veterinarians may have used remain-
ing boxes from the preceding months, as evidenced by 
the fact that some ticks were still sent in after the previ-
ously determined study period from July to October 2021 
(1193/19,514; 6.11%). �erefore, the number of ticks per 
actively participating veterinarian was not calculated as 

Fig. 5 Multiple and single infestations with the two most frequently collected tick species on dogs (I. ricinus [A] and D. reticulatus [B]) and cats (I. 
ricinus [C] and I. hexagonus [D]) over the course of the study. Red boxes illustrate the main periods of tick species-speci�c di�erences

Table 3 Comparison of single and multiple I. ricinus infestations of cats and dogs over the study period (spring = March�May; 
summer = June�August; autumn = September�November; winter = December-February), with Bonferroni-corrected P-values

* Contains only data of September and October 2021. na not applicable

Dogs Cats �2 df P-value Performed test

Single infestation Multiple infestation Single infestation Multiple infestation

Spring 2020 44/65.67% 23/34.33% 15/31.91% 32/68.09% 11.291 1  < 0.001 Chi-square test
Summer 2020 940/76.11% 295/23.89% 424/37.72% 700/62.28% 354.04 1  < 0.001 Chi-square test
Autumn 2020 337/92.33% 28/7.67% 422/70.10% 180/29.90% 65.195 1  < 0.001 Chi-square test
Winter 2020/2021 34/94.44% 2/5.56% 72/42.60% 97/57.40% na na  < 0.001 Fisher�s exact test
Spring 2021 1,603/82.67% 336/17.33% 1,220/34.00% 2,368/66.00% 1191.2 1  < 0.001 Chi-square test
Summer 2021 714/69.12% 319/30.88% 529/36.18% 933/63.82% 261.33 1  < 0.001 Chi-square test
Autumn 2021* 23/95.83% 1/4.17% 9/64.29% 5/35.71% na na 0.01849 Fisher�s exact test
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of July 2021. Concerning the main study period, it can-
not be excluded that some veterinarians were not taking 
part during some months despite having ordered boxes. 
Nevertheless, normalising tick numbers by the recorded 
number of participants per month was regarded to yield 
a more accurate estimate of tick activity than normalising 
by incoming boxes because empty boxes may not have 
been sent to our institute.

Both I. ricinus and D. reticulatus were collected 
throughout the year (Fig.� 8). Regarding the temporal 
distribution of received I. ricinus ticks, two major peaks 
were evident, namely in June 2020 (2007 ticks received 
in total, 13.93 per participant) and May 2021 (3300�ticks 
received in total, 15.71 per participant). A smaller peak 
was also observed in September 2020 (524 ticks received 
in total, 2.00 per participant). Over the winter period 
from December 2020 to February 2021, an average num-
ber of 70 ticks per month was sent in (0.34 ticks per 
participant).

Regarding D. reticulatus, collections peaked in Septem-
ber 2020 (345 ticks received in total, 1.56 per participant) 
and in March 2021 (300 ticks received in total, 1.49 per 
participant). Over the winter period (December 2020�
February 2021), an average of 108 D. reticulatus speci-
mens was sent in per month (0.53 ticks per participant).

Discussion
�e present study constitutes the �rst large-scale inves-
tigation of tick infestation of cats and dogs from all over 
Germany and parts of Austria. Previous studies have 
investigated patterns of tick infestation on a local scale 
and mainly concentrated on dogs, e.g. in southwest-
ern Germany [25] or in the Berlin/Brandenburg area, 

focusing on the regional importance of D. reticulatus [10, 
26]. In the light of climate change and altered tick activ-
ity patterns/species distributions, a large-scale study on 
the year-round tick infestation risk was urgently needed. 
�erefore, the present study also included the winter 
period. �e fact that almost 20,000 ticks were obtained 
during the 14-month study period indicates that many 
dogs and cats are inadequately protected. �erefore, rec-
ommendations for tick control as well as counselling of 
animal owners need to be improved to protect cats and 
dogs from infection with TBDs as well as to slow the 
spread and increasing local abundance of D. reticulatus 
on a national and European scale.

Frequently collected tick species and�their geographic 
distribution
As expected, most ticks collected from dogs and cats 
(81.7%) were identi�ed as I. ricinus. However, D. reticu-
latus represented the second most common tick spe-
cies, accounting for one in 10 ticks (10.3%) in total and 
for almost every �fth tick (18.1%) collected from dogs. 
�is is in line with the fact that this tick species is now 
widely spread over Germany, with some highly endemic 
areas in eastern Germany [5]. Accordingly, D. reticulatus 
was received from all federal states, except for the north-
ernmost part of the country (federal state of Schleswig-
Holstein, city states of Bremen and Hamburg). �ese 
northernmost areas together comprise only approxi-
mately 6.5% of the German population [30] and were 
therefore sampled less intensely, with only 273 ticks col-
lected from dogs compared to other northern federal 
states like Lower Saxony, represented by 1384 ticks col-
lected from dogs. �erefore, further local investigations 

Fig. 7 Distribution of attachment time of female I. ricinus specimens collected from dogs (A) and cats (B)
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are necessary to assess the abundance and distribution 
of tick species in these most northern areas. Most D. 
reticulatus specimens originated from the eastern federal 
states (Saxony-Anhalt, Saxony, Brandenburg and Berlin) 
and the Rhine Valley, which represent the original distri-
bution areas of D. reticulatus in Germany [31]. In 2013, a 
study in Brandenburg already determined a proportion of 
45.0% D. reticulatus specimens among all ticks detached 
from dogs, which almost corresponded to the percentage 
of I. ricinus (46.0%) [26]. In the present study, the pro-
portion of D. reticulatus on dogs amounted to 55.0% in 
Brandenburg and ranged from 1.0% in the federal state of 
North Rhine-Westphalia to 66.0% in Saxony-Anhalt. In 
the highly D. reticulatus-endemic regions, this tick spe-
cies thus seems to displace I. ricinus as the most common 

tick species parasitising dogs, which is alarming in light 
of the vector function for Babesia canis. An increasing 
canine babesiosis incidence has already been observed in 
the Berlin/Brandenburg area [32] and in the federal state 
of Hesse [18], underlining the need for proper tick con-
trol. In this context, di�erences in the duration of action 
of acaricides against di�erent tick species need to be con-
sidered. For example, several permethrin-based prod-
ucts have a 4-week duration of action against I. ricinus 
but only 3 weeks against D. reticulatus, so more frequent 
treatment in D. reticulatus-endemic areas is necessary. 
Some �pronil- or deltamethrin-based products are not 
licensed against D. reticulatus at all. A thorough coun-
selling of pet owners by veterinarians concerning the 
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di�erent acaricides is therefore necessary to achieve ade-
quate protection.

Regarding Austria, only 22 veterinary practices par-
ticipated in the current study, so it was not possible to 
assess a nation-wide geographic distribution pattern for 
Austria. Nevertheless, only 3.1% of all ticks from Austria 
were identi�ed as D. reticulatus compared to every 10th 
tick from Germany (10.9%). �ese numbers are compara-
ble with German areas characterised by low D. reticula-
tus abundance as well as with numbers from Switzerland 
[33]. Most of the Austrian D. reticulatus specimens 
originated from the eastern part of the country, which is 
already known as a D. reticulatus-endemic area [34, 35].

�e comparably low proportion of D. reticulatus 
obtained from cats (0.70%) re�ects the a�nity of D. 
reticulatus for canine hosts. Similarly, only 0.6% of 2535 
respectively 0.4% of 1960 D. reticulatus specimens from 
two citizen science studies were detached from cats 
compared to 47.8% respectively 66.9% from dogs [5, 36]. 
Consequently, I. hexagonus, with a share of 5.0%, was the 
second most common tick species after I. ricinus (91.7%) 
found on cats and the third most common species found 
on dogs (1.6%). Previous studies also identi�ed these 
three tick species as the most frequently detached ticks 
from dogs in Germany [10, 26] and further central Euro-
pean countries [33, 37�39], while cats have only rarely 
been studied in this regard [25, 39].

In cats, the comparably high I. hexagonus propor-
tion in relation to dogs is probably driven by its species-
speci�c behaviour [40]. Due to their nocturnal activity, 
often unrestricted hunting drive and smaller body size, 
cats probably come into contact with hedgehogs and 
their nests more often than dogs. Interestingly, in a study 
by Dautel et� al. [10], 4.1% of ticks detached from dogs 
were identi�ed as I. hexagonus, while this proportion 
amounted to only 1.6% in the current study. �is may be 
due to the increased proportion of D. reticulatus on dogs 
in the present study, which amounted to only 9.1% in the 
study by Dautel et�al. [10].

Related to the di�erences in tick species distribution, 
mixed-species infestations were approximately detected 
as often in dogs (2.02%) as in cats (1.98%). For both cats 
and dogs, the distribution of mixed-species infestations 
throughout the year followed the activity peak of I. rici-
nus. In dogs, an additional increase during the main 
activity period of D. reticulatus in October and Novem-
ber was observed.

Further tick species
Apart from I. ricinus, D. reticulatus and I. hexagonus, 
several other Ixodidae were sporadically sent in. �ese 
included ticks primarily associated with wildlife, such 
as I. frontalis, I. canisuga and H. concinna, which were 

rarely detected on dogs and cats. Of note, three of 
seven received H. concinna specimens were detached 
from hunting dogs. Furthermore, D. marginatus was 
received primarily from horses, humans, sheep and cat-
tle. �e predominant association with hoofed animals 
was not surprising as these are known as preferred 
hosts for adult D. marginatus [5, 9, 14]. Similarly, 35.0% 
of D. marginatus received in the frame of a citizen sci-
ence study were detached from horses but only 3.04% 
from dogs [5].

Moreover, R. sanguineus, known as the brown dog 
tick, plays a role as an imported tick species in Ger-
many and Austria [41]. As expected, R. sanguineus 
was found exclusively on dogs, mainly on those with a 
travel history to Bosnia, Bulgaria and Hungary, where 
this tick species is widely distributed [14, 42]. Although 
only few R. sanguineus specimens were received, these 
�ndings show that import by travelling dogs occurs on 
a regular basis. In central Europe, R. sanguineus may 
reproduce inside buildings, which should be prevented 
by adequate tick prophylaxis and monitoring of travel-
ling dogs or dogs imported by animal welfare organisa-
tions or private individuals, respectively.

Tick developmental stages
Regarding the tick developmental stages, the results 
are similar to previous tick submission studies from 
Germany and other European countries with the same 
collected tick species [26, 38]. While for I. ricinus only 
2.3% of all received specimens were nymphs or larvae, 
this proportion amounted to 23.5% for I. hexagonus 
collected from dogs and even to 43.7% of those col-
lected from cats. Similarly, foxes also harbour a much 
larger proportion of I. ricinus adults than nymphs [43], 
in contrast to I. hexagonus and I. canisuga [44], indicat-
ing that host preference may play a role regarding this 
pattern. In addition, single infestations with immature 
stages of I. ricinus may be harder to detect because 
of the ticks� small size, while infestations with imma-
ture stages of nidicolous ticks are more likely to result 
in higher infestation intensities. Such high-intensity 
infestations are less likely to be missed; as a result, the 
proportion of I. ricinus immature stages present on 
dogs and cats may be underestimated compared to I. 
hexagonus/I. canisuga. In case of D. reticulatus, only 
adult stages were sent in. �is is consistent with the fact 
that juvenile stages are nidicolous, live in close associa-
tion with small mammals and have a relatively short 
seasonal activity period in summer with an engorge-
ment period of 12�19�days for larvae and 3�4�days for 
nymphs [14].
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Infestation intensity and�attachment duration
Every third cat (31.0%), but only every �fth dog (20.9%), 
was infested with multiple ticks. As half of the infested 
cats (2294/4248; 54.0%) were described as mousers, they 
probably spend more time in contact with vegetation 
and wildlife compared to dogs typically being walked by 
their owner for a limited amount of time. �e maximum 
number of reported ticks from one cat was 54 specimens, 
all identi�ed as I. hexagonus (4 females and 50 nymphs). 
�is seems credible as contact with a hedgehog or its 
nest can result in such high-level infestation, especially 
concerning nymphs [14]. Nevertheless, the proportion 
of multiple infestations caused by I. hexagonus was never 
signi�cantly larger compared to I. ricinus, which may 
have been expected because of the species� biology, i.e. 
the nest adapted way of life.

Regarding multiple infestations of dogs, a Labrador-
Husky mix was infested with 96 specimens (93 adult I. 
ricinus and 3 adult D. reticulatus). �is very high infesta-
tion intensity was unexpected as, in contrast to high tick 
burdens caused by R. sanguineus in southern European 
countries [45], such a high infestation intensity of dogs, 
especially concerning only adult stages, is uncommon for 
the sampling region and was an exception in our dataset. 
It cannot entirely be ruled out that the sender added ticks 
from multiple animals into the same tube, but due to the 
extremely dense undercoat of this particular breed it is 
also conceivable that the ticks were missed by the owner 
and accumulated over time.

While cats had more multiple infestations during the 
periods of high tick activity, in dogs single infestations 
dominated the whole year round. In addition to the dif-
ferences in host behaviour mentioned above, another 
possible reason for this pattern may be that owners are 
recognising tick infestations in dogs faster than in cats, 
resulting in removal of many ticks. �is may be related 
to the often closer physical relationship of owners and 
dogs, including long and intensive grooming that often 
is not possible with free-roaming cats because of their 
more independent way of life. However, the average 
attachment time of 82.73�h for I. ricinus females on cats 
was only slightly higher compared to dogs (78.76� h), 
so the often more intimate relationship of owners to 
dogs did not reduce tick attachment time to an accept-
able level compared to cats. �ese long attachment dura-
tions indicate a substantial risk of TBD transmission. 
Most pathogens, including Anaplasma phagocytophilum 
and Borrelia spp., are transmitted after 24�48� h of tick 
attachment [46, 47]. Regarding B. canis, the process of 
sporogony in the salivary glands takes about 48�h before 
transmission can occur [48]. However, an experimen-
tal approach showed that earlier transmission with pre-
activated D. reticulatus specimens is possible within 8 h 

of infestation [49]. �us, the long attachment durations 
observed in the current study show that visual inspection 
is an inadequate measure of tick control. Only for ani-
mals with minimal infection risk, meaning animals with 
limited or no outdoor access, may visual examination and 
acaricide treatment only after proven infestation be suf-
�cient. Since no experimental data exist on the relation-
ship between attachment duration and morphometric 
dimensions of D. reticulatus, the average engorgement 
time of D. reticulatus could not be determined in the pre-
sent study. Nevertheless, a similar average engorgement 
duration as for I. ricinus can be assumed, considering the 
fact that almost 60% of specimens were visually assessed 
as partially or fully engorged.

Seasonal abundance
Regarding seasonality, most I. ricinus specimens were 
collected in May/June of both sampled years. �e lower 
absolute number of ticks received in May/June 2020 
compared to 2021 is related to the fact that the study 
started in April 2020 and recruiting of participants was 
still ongoing until October 2020. Nevertheless, the aver-
age monthly number of ticks per actively participating 
veterinarian correlates with the total number of received 
ticks per month. �e observed spring peak represents the 
well-known activity pattern of I. ricinus [50�52]. Derma-
centor reticulatus collections showed two peaks, one in 
autumn 2020 and a slightly smaller one in early spring 
2021. �is pattern also corresponds to the literature [51�
53], although some studies also report a higher spring 
than autumn peak [35, 54, 55].

Overall, there is a complementary activity pattern 
of I. ricinus and D. reticulatus, i.e. D. reticulatus gen-
erally shows high activity in the cooler months of the 
year, when activity of I. ricinus is rather low. Com-
bined with the spread of D. reticulatus, this leads to an 
increased risk of tick infestation in the colder months 
of the year, especially for dogs. Nevertheless, winter 
activity of both tick species was evident. In particular, 
it was apparent for D. reticulatus, which is known to be 
more cold-tolerant than I. ricinus [20]. For I. ricinus, 
winter activity has been reported more sporadically, 
especially under mild circumstances [19]. Accord-
ing to data from the German weather service [56], the 
meteorological winter 2020/2021 and the preceding 
winters were unusually mild, with an average tempera-
ture of 1.8� °C, deviating by + 1.6� °C from the previous 
long-term mean (1961�1990). �ese mild conditions 
were probably conducive to a constant winter activity 
of both species, with a lack of, delayed or early termina-
tion of diapause [57]. In February 2021, a cold period 
lasting approximately 2 weeks with temperatures 
around � 20� °C and heavy snowfall a�ected large parts 
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of Germany, which however did not seem to a�ect the 
activity of I. ricinus and D. reticulatus in the following 
spring, given the observed spring peak of submissions. 
In the face of future climate scenarios with increasingly 
mild winters, it is important to stress that tick winter 
activity no longer re�ects sporadic or coincidental �nd-
ings. Indeed, both questing D. reticulatus and I. ricinus 
were found on the vegetation during all winter months 
in 2021/2022 (unpublished own data). �is �nding in 
combination with the observed year-round tick infesta-
tion of dogs and cats in the study presented here shows 
that the traditional �standard treatment period� from 
April to October, covering the main activity period of 
I. ricinus, is outdated. �erefore, since both tick spe-
cies transmit relevant pathogens, e�ective tick control 
in dogs and cats should no longer be limited to certain 
months but should be practiced all year round.

Conclusions
Compared to previous surveys, the present large-scale 
study revealed marked di�erences in tick exposure 
between dogs and cats in Germany and Austria. While 
I. hexagonus remains the second most frequent tick spe-
cies a�ecting cats, almost every �fth tick collected from 
dogs was identi�ed as D. reticulatus. �erefore, the dra-
matic range expansion of D. reticulatus is con�rmed 
once more, leading to an increasing risk of infection with 
B. canis. Adequate tick control, considering the shorter 
duration of action of several acaricides against D. retic-
ulatus, is therefore indispensable and may limit the fur-
ther spread of canine babesiosis, which is already on the 
rise in Germany. Moreover, the high percentage of mul-
tiple infestations and long average attachment duration 
of more than 3� days indicate a substantial risk of TBD 
transmission and the inadequacy of visual tick control in 
animals with regular outdoor access. Although the infes-
tation risk still seems to be highest in the species-speci�c 
periods of main activity, winter activity of D. reticula-
tus, and to a lesser extent also I. ricinus, was observed. 
Because of the complementary and expanding activity 
patterns of these two tick species, no time of the year 
can be regarded as a period of negligible tick infestation 
risk anymore and a year-round use of licensed acaricides 
is therefore advocated in dogs and cats. �orough coun-
selling of pet owners by veterinarians regarding product 
choice, correct administration and duration of action is 
essential to protect animals successfully against health-
threatening TBDs.
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Additional file 1: Table S1: Infestation rates with the most frequently collected tick species among tick-infested dogs and cats in the 
different German and Austrian federal states (number of infested hosts/% of all examined).  
 
 Dogs Cats 

 Examined 
dogs 

I. ricinus D. reticulatus I. hexagonus Examined 
cats 

I. ricinus D. reticulatus I. hexagonus 

Germany         
Baden-Württemberg 593 530/89.38% 27/4.55% 9/1.52% 392 348/88.78% 1/0.26% 33/8.42% 
Bavaria 644 600/93.17% 26/4.04% 18/2.80% 710 644/90.70% 1/0.14% 44/6.20% 
Berlin 94 64/68.09% 27/28.72% 2/2.13% 36 33/91.67% 1/2.78% 0/0.00% 
Brandenburg 438 203/46.35% 318/72.60% 5/1.14% 269 222/82.53% 29/10.78% 9/3.35% 
Bremen 73 68/93.15% 0/0.00% 4/5.48% 23 22/95.65% 0/0.00% 1/4.35% 
Hamburg 31 30/96.77% 0/0.00% 0/0.00% 19 19/100% 0/0.00% 0/0.00% 
Hesse 426 346/81.22% 85/19.95% 6/1.41% 202 192/95.05% 2/0.99% 5/2.48% 
Lower Saxony 892 812/91.03% 53/5.94% 12/1.35% 500 476/95.20% 0/0.00% 20/4.00% 
Mecklenburg-Western 
Pomerania 144 131/90.97% 11/7.64% 2/1.39% 101 95/94.06% 0/0.00% 5/4.95% 
North Rhine-Westphalia 867 838/96.66% 5/0.58% 16/1.85% 381 362/95.01% 1/0.26% 14/3.67% 
Rhineland-Palatinate 379 349/92.08% 24/6.33% 4/1.06% 246 233/94.72% 2/0.81% 9/3.66% 
Saarland 77 72/93.51% 7/9.09% 0/0.00% 67 63/94.03% 0/0.00% 4/5.97% 
Saxony 360 218/60.56% 88/24.44% 6/1.67% 270 279/87.78% 2/0.74% 8/2.96% 
Saxony-Anhalt 363 129/35.54% 213/58.68% 5/1.38% 168 148/88.10% 5/2.98% 13/7.74% 
Schleswig-Holstein 300 294/98.00% 0/0.00% 2/0.67% 210 207/98.57% 0/0.00% 2/0.95% 
Thuringia 102 82/80.39% 21/20.59% 6/5.88% 129 100/77.52% 0/0.00% 20/15.50% 
Total 5,783 4,766/82.41% 905/15.65% 97/1.68% 3,723 3,401/91.35% 44/1.18% 187/5.02% 
 
 
 
 
     

 

 

  



 

 

Austria 
Burgenland 65 49/75.38% 22/33.85% 0/0.00% 100 97/97.00% 2/2.00% 0/0.00% 
Carinthia 0 0/0.00% 0/0.00% 0/0.00% 0 0/0.00% 0/0.00% 0/0.00% 
Lower Austria 61 56/91.80% 0/0.00% 2/3.28% 68 65/95.59% 0/0.00% 3/4.41% 
Upper Austria 61 58/95.08% 0/0.00% 0/0.00% 1 1/100% 0/0.00% 0/0.00% 
Salzburg 50 46/92.00% 0/0.00% 2/4.00% 58 57/98.28% 0/0.00% 0/0.00% 
Styria 42 41/97.62% 0/0.00% 1/2.38% 73 73/100% 0/0.00% 0/0.00% 
Tyrol 22 22/100% 0/0.00% 0/0.00% 14 14/100% 0/0.00% 0/0.00% 
Vorarlberg 0 0/0.00% 0/0.00% 0/0.00% 0 0/0.00% 0/0.00% 0/0.00% 
Vienna 4 4/100% 1/25.00% 0/0.00% 1 1/100% 0/0.00% 0/0.00% 
Total 305 276/90.49% 23/7.54% 5/1.64% 315 308/97.78% 2/0.63% 3/0.96% 
 

Additional file 2: Table S2: Overview of the distribution of the most frequently collected tick species from cats and dogs over the Austrian 
federal states (number per tick species/% of total ticks).  
 
 Dogs Cats 
 I. ricinus D. reticulatus I. hexagonus Total I. ricinus D. reticulatus I. hexagonus Total 
Burgenland 110/77.46% 31/21.83% 0/0.00% 142/94.30% 201/94.37% 12/5.63% 0/0.00% 213/96.38% 
Carinthia 0/0.00% 0/0.00% 0/0.00% 0/0.00% 0/0.00% 0/0.00% 0/0.00% 0/0.00% 
Lower Austria 73/97.33% 1/1.33% 2/2.67% 75/98.68% 108/98.18% 0/0.00% 3/2.73% 110/99.10% 
Upper Austria 91/97.85% 0/0.00% 2/2.15% 93/96.88% 1/100% 0/0.00% 0/0.00% 1/100.00% 
Salzburg 66/100% 0/0.00% 0/0.00% 66/98.51% 124/100% 0/0.00% 0/0.00% 124/97.64% 
Styria 52/96.30% 0/0.00% 2/3.70% 54/98.18% 205/100% 0/0.00% 0/0.00% 205/98.56% 
Tyrol 141/100% 0/0.00% 0/0.00% 141/97.92% 66/98.51% 0/0.00% 0/0.00% 67/100% 
Vorarlberg 0/0.00% 0/0.00% 0/0.00% 0/0.00% 0/0.00% 0/0.00% 0/0.00% 0/0.00% 
Vienna 4/100% 1/25.00% 0/0.00% 4/80.00% 4/100% 0/0.00% 0/0.00% 4/100% 
Total* 537/93.39% 33/5.74% 6/1.04% 575/96.96% 702/96.96% 12/1.66% 3/0.41% 724/97.97% 
* Percentages refer to the whole of Austria
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2021, in which veterinarians sent in ticks mainly collected from dogs and cats. All three study 

approaches showed a year-round activity of I. ricinus and D. reticulatus in Germany. During 

the winter months (December to February), on average 1.1% of the inserted I. ricinus specimens 

were observed at the tops of rods in the tick plots. The average questing activity of I. ricinus 

amounted to 2 ticks/100 m² (range: 1-17) in the flagging study, and 32.4% (211/651) of ticks 

found infesting dogs and cats during winter 2020/21 were I. ricinus. On average 14.7-20.0% of 

the inserted D. reticulatus specimens were observed at the tops of rods in the tick plots, while 

the average winter questing activity in the field study amounted to 23 specimens/100 m² (range: 

0-62), and 49.8% (324/651) of all ticks collected from dogs and cats during winter 2020/21 

were D. reticulatus. Additionally, the hedgehog tick Ixodes hexagonus was found to infest dogs 

and cats quite frequently during the winter months, accounting for 13.2% (86/651) of the 

collected ticks. A generalized linear mixed model identified significant correlations of D. 

reticulatus winter activity in quasi-natural plots with climatic variables. The combined study 

approaches confirmed a complementary main activity pattern of I. ricinus and D. reticulatus 

with climate change-driven winter activity of both species. Milder winters and a decrease of 

snowfall, and consequently high winter activity of D. reticulatus, among other factors, may 

have contributed to the rapid spread of this tick species throughout the country. Therefore, an 

effective year-round tick control is strongly recommended to not only efficiently protect dogs 

and cats with outdoor access from ticks and tick-borne pathogens (TBPs), but also to limit the 

further geographical spread of ticks and TBPs to so far non-endemic regions. Further measures, 

including information of the public, are necessary to protect both, humans and animals, in a 

One Health approach. 
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Abstract 

Background: Changing geographical and seasonal activity patterns of ticks may increase the 

risk of tick infestation and tick-borne pathogen (TBP) transmission for both humans and 

animals.  

Methods: To estimate TBP exposure of dogs and cats, 3,000 female I. ricinus from these hosts 

were investigated for Anaplasma phagocytophilum and Borrelia species.  

Results: qPCR inhibition, which was observed for ticks of all engorgement stages but not 

questing ticks, was eliminated at a template volume of 2 µl. In ticks from dogs, A. 

phagocytophilum and Borrelia spp. prevalence amounted to 19.0% (285/1,500) and 28.5% 

(427/1,500), respectively, while ticks from cats showed significantly higher values of 30.9% 

(464/1,500) and 55.1% (827/1,500). Accordingly, the coinfection rate with both A. 

phagocytophilum and Borrelia spp. was significantly higher in ticks from cats (17.5%, 

262/1,500) than dogs (6.9%, 104/1,500). Borrelia prevalence significantly decreased with 

increasing engorgement duration in ticks from both host species, whereas A. phagocytophilum 

prevalence decreased only in ticks from dogs. While A. phagocytophilum copy numbers in 

positive ticks did not change significantly over the time of engorgement, those of Borrelia 

decreased initially in dog ticks. In ticks from cats, neither copy numbers of A. phagocytophilum 

nor Borrelia spp. were affected by engorgement. Borrelia species differentiation was successful 
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in 29.1% (365/1,254) of qPCR-positive ticks. The most frequently detected species in ticks 

from dogs were B. afzelii (39.3% of successfully differentiated infections; 70/178), B. 

miyamotoi (16.3%; 29/178) and B. valaisiana (15.7%; 28/178), while B. afzelii (40.1%; 

91/227), B. spielmanii (21.6%; 49/227) and B. miyamotoi (14.1%; 32/227) occurred most 

frequently in ticks from cats.  

Conclusions: The differences in pathogen prevalence and Borrelia species distribution between 

ticks collected from dogs and cats may result from differences in habitat overlap with TBP 

reservoir hosts. The declining prevalence of A. phagocytophilum with increasing engorgement 

duration, without a decrease in copy numbers, could indicate transmission to dogs over the time 

of attachment. The fact that this was not observed in ticks from cats may indicate less efficient 

transmission. In conclusion, the high prevalence of A. phagocytophilum and Borrelia spp. in 

ticks collected from dogs and cats underlines the need of effective acaricide tick control to 

protect both, animals and humans, from associated health risks.  
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Frequency of�Anaplasma phagocytophilum, 
Borrelia spp., and�coinfections in�Ixodes ricinus 
ticks collected from�dogs and�cats in�Germany
Julia Probst1, Andrea Springer1, Volker Fingerle2 and Christina Strube1* 

Abstract  

Background Changing geographical and seasonal activity patterns of ticks may increase the risk of tick infestation 
and tick-borne pathogen (TBP) transmission for both humans and animals.

Methods To estimate TBP exposure of dogs and cats, 3000 female I. ricinus from these hosts were investigated 
for Anaplasma phagocytophilum and Borrelia species.

Results qPCR inhibition, which was observed for ticks of all engorgement stages but not questing ticks, was elimi-
nated at a template volume of 2 µl. In ticks from dogs, A. phagocytophilum and Borrelia spp. prevalence amounted 
to 19.0% (285/1500) and 28.5% (427/1500), respectively, while ticks from cats showed signi�cantly higher values 
of 30.9% (464/1500) and 55.1% (827/1500). Accordingly, the coinfection rate with both A. phagocytophilum and Bor-
relia spp. was signi�cantly higher in ticks from cats (17.5%, 262/1500) than dogs (6.9%, 104/1500). Borrelia prevalence 
signi�cantly decreased with increasing engorgement duration in ticks from both host species, whereas A. phago-
cytophilum prevalence decreased only in ticks from dogs. While A. phagocytophilum copy numbers in positive ticks 
did not change signi�cantly over the time of engorgement, those of Borrelia decreased initially in dog ticks. In ticks 
from cats, copy numbers of neither A. phagocytophilum nor Borrelia spp. were a�ected by engorgement. Borrelia spe-
cies di�erentiation was successful in 29.1% (365/1254) of qPCR-positive ticks. The most frequently detected species 
in ticks from dogs were B. afzelii (39.3% of successfully di�erentiated infections; 70/178), B. miyamotoi (16.3%; 29/178), 
and B. valaisiana (15.7%; 28/178), while B. afzelii (40.1%; 91/227), B. spielmanii (21.6%; 49/227), and B. miyamotoi (14.1%; 
32/227) occurred most frequently in ticks from cats.

Conclusions The di�erences in pathogen prevalence and Borrelia species distribution between ticks collected 
from dogs and cats may result from di�erences in habitat overlap with TBP reservoir hosts. The declining prevalence 
of A. phagocytophilum with increasing engorgement duration, without a decrease in copy numbers, could indicate 
transmission to dogs over the time of attachment. The fact that this was not observed in ticks from cats may indicate 
less e�cient transmission. In conclusion, the high prevalence of A. phagocytophilum and Borrelia spp. in ticks col-
lected from dogs and cats underlines the need for e�ective acaricide tick control to protect both animals and humans 
from associated health risks.

Keywords Castor bean tick, Engorgement, Tick-borne diseases, Borreliosis, Anaplasmosis, Prevalence

Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Parasites & Vectors

*Correspondence:
Christina Strube
christina.strube@tiho-hannover.de
Full list of author information is available at the end of the article



Page 2 of 16Probst�et�al. Parasites & Vectors           (2024) 17:87 

Background
Recent changes in geographical distribution and sea-
sonal activity patterns of ticks, such as the castor bean 
tick Ixodes ricinus, may increase the risk of tick infesta-
tion and tick-borne pathogen (TBP) transmission for 
both humans and animals. While in humans Lyme bor-
reliosis caused by species of the Borrelia burgdorferi 
sensu lato (s.l.) complex is the most frequent tick-borne 
disease (TBD) in Europe, borreliosis in dogs is less com-
mon but may be associated with febrile illness, polyar-
thritis, and glomerulonephritis [1]. Next to species of the 
B.�burgdorferi s.l. complex, B.�miyamotoi causing relaps-
ing-fever-like illness is frequently detected in hard ticks 
from Germany [2, 3]. Moreover, granulocytic anaplas-
mosis caused by Anaplasma phagocytophilum is com-
mon in dogs [4, 5] with increasing incidence and clinical 
relevance in Germany [6]. In severe cases, the Gram-
negative and obligate intracellular bacterium can lead to 
severe febrile, life-threatening illness, sometimes accom-
panied by central nervous system disorders or gastroin-
testinal symptoms [7, 8]. Cats may also be a�ected, and 
clinical cases of A.�phagocytophilum-positive felines with 
lethargy, loss of appetite, fever, severe in�ammatory pro-
cesses, and thrombocytopenia are increasingly reported 
[5, 9, 10].

Several European studies have examined the preva-
lence of A.� phagocytophilum in �eld-collected questing 
ticks, resulting in values between 1.0% in a study from 
Germany [11] and 40.5% in a study from Denmark [12]. 
Prevalence is typically higher in adult than nymphal 
ticks, as shown for example in a study from Denmark 
with infection rates of 14.5% in nymphs compared with 
40.5% in adult I. ricinus ticks [12]. Local investigations in 
the northern German cities of Hamburg and Hannover 
revealed A.� phagocytophilum prevalences of 2.1% and 
4.5%, respectively [13, 14], in �eld-collected adult I. rici-
nus, compared with only 1.0% in a study from southern 
Germany [11]. In ticks collected from dogs and cats in 
Europe, between 1.0% and 22.3% were qPCR-positive for 
A.�phagocytophilum, with most of the studies concentrat-
ing mainly on dogs [15–20].

Similarly, Borrelia prevalence in questing ticks var-
ies considerably between di�erent regions and coun-
tries in Europe, with a mean prevalence of 3.6% in the 
British Isles to 19.3% in Central Europe [21]. Similar to 
A.�phagocytophilum, the average infection rate is higher 
in I. ricinus adults (14.9%) than in nymphs (11.8%) [21]. 
A study from the City of Hanover, northern Germany, 
monitored the Borrelia spp. prevalence at the same 
locations over several years, showing a rather stable 
prevalence between 22.7% and 25.5%, with signi�cantly 
higher infection rates in adult ticks than in nymphs, 

e.g., 32.6% versus 18.4% in 2020 [22]. In another study 
from northern Germany, a prevalence of 31.7% in 
adults and 28.6% in nymphs was detected [3]. Although 
the clinical relevance of Lyme borreliosis in dogs may 
be rather low [1] and questionable in cats [23], assess-
ing the prevalence of Borrelia spp. in ticks from dogs 
and cats does not only shed light on their own infection 
risk but may also serve as an indicator of human risk. 
Dogs usually accompany their owners, and in addition, 
both dogs and cats may introduce ticks into the home, 
which could represent a human health risk. In ticks col-
lected from dogs, the overall Borrelia prevalence varied 
between 2.1% in the UK and 44.0% in the Ukraine [24, 
25]. For ticks from cats, one study reported a Borrelia 
prevalence of 18.0% [26], while another study indicated 
a prevalence of 10.2% for ticks from both host species 
[27].

�e use of ticks removed from hosts for prevalence 
studies is not without controversy, as ticks detached 
from a host may have acquired the infection during the 
actual bloodmeal or by cofeeding transmission [28]. 
Nevertheless, the main aim of the recent study was to 
assess the TBP contact risk for dogs and cats and to 
unravel potential host-related di�erences. Moreover, 
taking tick engorgement status into account may help 
to clarify the direction of pathogen transmission during 
the bloodmeal (“tick to host” or “host to tick”) on the 
basis of di�erent patterns of prevalence between non-
engorged and engorged ticks. A study from northeast-
ern Poland showed di�erences in pathogen prevalence 
between the stages of engorgement of ticks collected 
from dogs [17]. While 34.4% of 436 engorged ticks 
were positive for Borrelia spp., only 4.7% of 21 non-
engorged ticks were positive. �is increased prevalence 
in engorged ticks is in contrast to a publication from 
southern Germany, which reported a prevalence of 
33.3% in 26 non-engorged and 13.6% in 110 engorged 
female I. ricinus [29].

�e wide range in reported prevalence values indi-
cates the need for a comprehensive study on ticks 
collected from dogs and cats to assess their actual 
infection risk. �erefore, the present study investigated 
3000 female I. ricinus specimens removed from dogs 
and cats during a Germany-wide tick collection study 
[30]. Ticks were selected to equally represent the two 
host species and di�erent stages of engorgement to 
allow a meaningful comparison of Borrelia spp. and 
A.�phagocytophilum prevalence and infection intensity 
in terms of qPCR copy numbers. To exclude interfer-
ence of engorgement or bloodmeal, respectively, with 
qPCR sensitivity, a spiking experiment was performed 
and the PCR setup was adjusted accordingly.
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Methods
Tick collection study and�sample selection
In the frame of a tick collection study, 197 veterinary 
practices distributed across Germany submitted ticks 
between March 2020 and October 2021 [30]. Informa-
tion on the clinical presentation of sampled hosts was 
not available. �e submitted specimens were morpho-
logically identi�ed, and female I. ricinus specimens 
were measured using the OLYMPUS cellSens Entry (v. 
3.2) software paired with an OLYMPUS SC50 camera 
adapter to determine the coxal index as an estimate of 
attachment duration [30, 31]. On this basis, female I. 
ricinus were assigned to one of four engorgement cate-
gories (non-engorged [0�h to �  24�h], partially engorged 
stage one [> 24�h to �  72�h], partially engorged stage two 
[> 72�h to �  144�h], fully engorged [> 144�h]), which were 
adapted from Franta et�al. [32] by dividing the period of 
“slow feeding” into two stages for a better di�erentia-
tion within this long time span (> 24�h to �  144�h). Ticks 
with implausible calculated engorgement times > 245�h 
were excluded. �e ticks were then stored individually 
at � 20�°C until further use.

From the total number of 14,383 received I. ricinus 
specimens, a representative sample of 3000 females, 
1500 from dogs and 1500 from cats, was selected for 
pathogen analyses. Per host species, 375 specimens of 
each engorgement category (non-engorged, partially 
engorged stage one, partially engorged stage two, and 
fully engorged) were included. Within these catego-
ries, further selection according to the coxal index was 
performed to represent the stages of engorgement as 
evenly as possible. Additionally, ticks from dogs and 
cats infested with a single or multiple ticks (hereafter 
single and multiple infestations) were selected approxi-
mately equally as well, with 1–5 ticks analyzed per 
multiple infested animal. Within these categories, the 
samples were further chosen via randomized numbers. 
�e origin of the selected samples was plotted on a map 
of Germany using R version 4.1.0 [33] with geographic 
data distributed by OpenStreetMap under the Open 
Database License (www. opens treet map. org/ copyr ight) 
to exclude a geographic bias (Fig.�1).

Genomic DNA isolation
Ticks were homogenized in 20� µl phosphate bu�-
ered saline with polystyrene pistils (Carl Roth GmbH, 
Karlsruhe, Germany) in individual tubes, before addi-
tion of 25�µl proteinase K and 200�µl BQ1 bu�er from the 
 Nucleospin® 96 Blood Core Kit (Macherey–Nagel GmbH 
& Co KG, Düren, Germany) and overnight incubation at 
56� °C. Further, the DNA isolation followed the instruc-
tions of the  Nucleospin® 96 Blood Core Kit, with minor 

modi�cations as described [14, 34, 35]. �e 100�µl eluate 
of genomic DNA was stored at � 20�°C until further use.

Detection of�A.�phagocytophilum and�Borrelia spp. 
by�quantitative real-time PCR evaluated by�spiking 
experiments
�e success of the DNA isolation was checked randomly 
for 100 ticks each from dogs and cats by targeting the 
I. ricinus internal transcribed spacer (ITS) 2 region in 
probe-based qPCR [36], including a serial plasmid stand-
ard  (100–106 copies per reaction, ligated into  TOPO™ TA 
vectors [Invitrogen™, �ermo Fisher Scienti�c, Schwerte, 
Germany]) and a negative control. Because of the high 
concentration of tick DNA from engorged specimens, 
which may inhibit exponential PCR ampli�cation [37], 
1� µl tick DNA template was used in the 25� µl reaction 
volume for ITS2 detection. �e Mx3005 multiplex quan-
titative polymerase chain reaction (qPCR) system (Agi-
lent Technologies Inc., Santa Clara, USA) was used for all 
qPCR reactions. �e reaction setup has been described 
in detail by Strube et� al. [36] with previously published 
adaptations by May and Strube [13]. �e thermopro�le 
for both reactions included initial denaturation at 95�°C 
for 15� min followed by 45 cycles of 95� °C for 15� s and 
60�°C for 60�s.

For pathogen detection, a duplex probe-based qPCR 
was performed targeting the msp2/p44 multi copy gene 
of A.�phagocytophilum [38] and the 5S-23S rRNA inter-
genic spacer (IGS) region [36], which occurs in duplicate 
in the B.�burgdorferi s.l. complex and as a single copy in 
B.�miyamotoi [39]. �e qPCR setup included a negative 
control and serial plasmid standards  (100–106 copies per 
reaction, ligated into TOPO™ TA vectors [Invitrogen™, 
�ermo Fisher Scienti�c, Schwerte, Germany]) for quan-
ti�cation. All samples were tested in duplicate. Initially, 
10� µl template was used in the 25� µl reaction volume, 
while negative samples were later retested using only 2�µl 
on the basis of the result of a spiking experiment per-
formed to exclude possible false-negative results due to 
PCR inhibition in engorged ticks. �e spiking experiment 
was performed with six samples from each engorgement 
category and each host species (n = 48), which showed a 
negative qPCR result based on 10�µl template. Of these 
samples, 10, 5, and 2�µl template were tested as described 
above (if enough template was left), using a mastermix 
spiked with the Borrelia spp. and A.� phagocytophilum 
plasmid standard, amounting to  104 plasmid copies each 
per qPCR reaction. Further, a positive control containing 
only the plasmid standards but no template was included 
to generate reference cycle threshold (Ct) values. A sec-
ond spiking experiment was conducted using 10�µl and 
2�µl DNA of 22 non-engorged laboratory-bred I. ricinus 
females as template.
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Fig. 1 Nationwide distribution pattern of ticks positive for A. phagocytophilum (shades of red) and Borrelia spp. (shades of blue) from dogs (A/C) 
and cats (B/D). The shading indicates the proportion of positive ticks per sampled zip code. Zip code areas that were not sampled are shown in gray
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Borrelia species identi�cation by�reverse line blot (RLB)
For all Borrelia qPCR-positive ticks, a conventional PCR 
targeting the 5S-23S ribosomal IGS region with primers 
B5S-Bor, BMiya-For, and 23S-Bor was performed [40, 
41], followed by RLB di�erentiation with 11 di�erent Bor-
relia species-speci�c probes as described before [40, 42]. 
Extrapolated from the spiking experiments (see section 
above), the amount of template was reduced from 10�µl 
to 2� µl for samples that were qPCR-positive with 2� µl 
but not 10�µl template volume, to avoid potential inter-
ference and inhibition in the RLB as well. �e follow-
ing Borrelia strains were used as positive controls: PAbe 
(B.� burgdorferi sensu stricto (s.s.), PWudII (B.� garinii), 
PBas (B.� afzelii), VS116 (B.� valaisiana), PHap (B.� spiel-
manii), PBi (B.� bavariensis), Poti B2 (B.� lusitaniae), 
SCW-22T (B.� carolinensis), DN127 (B.� bissettiae), and 
25,015 (B.�kurtenbachii), HT31 (B.�miyamotoi). Owing to 
cross-reactions of B.�garinii and B.�bavariensis as well as 
B.�burgdorferi s.s. and B.� carolinensis, respectively, PCR 
products reacting with probes GA and SS were reampli-
�ed and custom Sanger sequenced (Microsynth Seqlab 
GmbH, Göttingen, Germany).

Statistical analyses
Statistical analyses were performed using R version 
4.1.1717 [33]. �e A.� phagocytophilum and Borrelia 
spp. prevalence, the coinfection rate, and the number 
of mixed infections with di�erent Borrelia species was 
compared between ticks from dogs and cats via � 2 test or 
Fisher’s exact test in case of small values.

Further, generalized linear mixed models (GLMM) 
with binomial error structure were constructed sepa-
rately for ticks from dogs and cats to analyze the in�u-
ence of di�erent predictors on the A.� phagocytophilum 
and Borrelia spp. prevalence. As �xed factors, the tick’s 
stage of engorgement, whether the tick was from a single 
or a multiple infestation, and its coinfection status with 
A.� phagocytophilum or Borrelia spp., respectively, were 
included in the model, while host animal ID was entered 
as a random factor. Multiple comparisons between the 
di�erent stages of engorgement were performed using 
the function “glht” from the package “multcomp” [43] 
with Tukey contrasts. �e full models were compared 
with null models based only on the random factor using 
likelihood ratio tests (R function “anova”).

�e detected copy numbers for the msp2/p44 gene of 
A.�phagocytophilum and the 5S-23S rRNA IGS region of 
Borrelia spp. (in the following referred to as A.�phagocyt-
ophilum and Borrelia spp. copy numbers) were compared 
among the di�erent engorgement categories of ticks from 
dogs and cats, respectively, via Kruskal–Wallis rank-sum 
tests followed by Dunn’s all-pairs rank-comparison test in 
case of a signi�cant result. For all samples, the obtained 

copy numbers were extrapolated to 100�µl to quantify the 
copy number per examined tick.

Finally, the overall Borrelia species distribution was 
compared between the di�erent engorgement catego-
ries of ticks from dogs and cats, respectively, by Fisher’s 
exact tests with simulated P-values. In case of a signi�-
cant result, the prevalence of each species was compared 
between the engorgement categories by individual Fish-
er’s exact tests, followed by Bonferroni–Holm correction 
of P-values.

Results
Spiking experiments to�evaluate pathogen qPCR detection
Using 10� µl template, 35.4% (17/48) and 29.2% (14/48) 
of the spiked tick DNA samples from dogs and cats 
tested negative for A.� phagocytophilum and Borrelia 
spp., respectively, with no di�erences in the detection 
rate between ticks from dogs and cats. False negatives 
occurred independently of the engorgement duration. 
Further, Ct values were una�ected by the engorgement 
state. With decreasing amount of template, the num-
ber of false-negative results decreased, while Ct values 
of positive samples stayed mostly consistent, indicat-
ing that qPCR inhibition was not gradual but occurred 
in a “yes or no” manner. With 5� µl template, detection 
of A.� phagocytophilum was still not successful in 2.1% 
(1/48) of all tick samples, while 18.8% (9/48) of the tick 
samples still yielded a false-negative Borrelia result. With 
2� µl template, in all tick samples from which template 
was left (40/48; 83.3%), no PCR inhibition was noted for 
A.�phagocytophilum nor Borrelia species.

When using DNA from unfed laboratory-bred ticks, 
no di�erence between 10�µl or 2�µl template was noted, 
as in both spiking experiments the detection rate was 
100% (22/22) with Ct values consistent with the positive 
control.

Pathogen prevalence in�ticks collected from�dogs and�cats
Detection of the I. ricinus ITS2 region indicated success-
ful DNA isolation of all randomly selected samples. How-
ever, as the spiking experiment revealed inhibition of the 
qPCR when using 10 and 5�µl template of ticks detached 
from dogs and cats independent of engorgement status, 
all tick samples initially negative using 10�µl were retested 
with 2�µl template only.

Of the analyzed ticks collected from dogs, 19.0% 
(285/1500) were infected with A.� phagocytophilum and 
28.5% (427/1500) with Borrelia spp., with a coinfection 
rate of 6.9% (104/1500). Detected copy numbers were 
mainly >  101 but �   102, precisely for 42.5% (121/285) of 
A.�phagocytophilum and 32.1% (137/427) of Borrelia spp. 
positive samples, with an overall median of 6.88 ×  101 and 
1.07 ×  102 copies, respectively (Table�1).
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Regarding ticks from cats, signi�cantly more speci-
mens were qPCR-positive compared with dogs, with 
30.9% (464/1500) samples positive for A.� phagocytophi-
lum (� 2 = 56.377, df = 1, P < 0.001) and 55.1% (827/1500) 
for Borrelia spp. (� 2 = 218.13, df = 1, P < 0.001). Further, 
the coinfection rate of 17.5% (262/1500) was signi�cantly 
higher in ticks from cats than from dogs (� 2 = 76.705, 
df = 1, P < 0.001). Like in ticks from dogs, copy numbers 
were comparably low, with 38.2% (177/464) of the sam-
ples containing >  101 but �   102 copies for A.� phagocyt-
ophilum and 40.5% (335/827) for Borrelia spp., with an 
overall median of 1.17 ×  102 and 9.00 ×  101 copies, respec-
tively (Table�1).

Further, the GLMM revealed a signi�cant positive 
association of A.� phagocytophilum and Borrelia spp. 
in ticks from dogs, but not in those from cats (Table�2). 
�ere was no distinct geographical pattern in prevalence, 
with infected ticks originating from all over the country 
(Fig.�1).

Borrelia species identi�cation by�reverse line blot (RLB)
Regarding the di�erentiation of Borrelia species, the RLB 
was successful in 29.2% (366/1254) of the qPCR-positive 
ticks from dogs and cats, whereby the di�erentiation 
success depended on the number of 5S-23S IGS cop-
ies detected. �e highest identi�cation success of 70.9% 
(175/247) was achieved in samples with �   104 copies, fol-
lowed by 53.4% (79/148) in samples with �   103 and <  104 
copies, 18.9% (46/243) in samples with �   102 and <  103 
copies, 10.8% (51/472) in samples with �   101 and <  102 
copies, and 10.4% (15/144) in samples with < 10 copies.

In successfully di�erentiated samples from dogs, 
the most frequently detected Borrelia species was 
B.� afzelii (70/161; 43.5%), followed by B.� miyamo-
toi (29/161; 18.0%), B.� valaisiana (28/161; 17.4%), 
B.� garinii/B.� bavariensis (23/161; 13.7%), B.� spielma-
nii  (14/161; 8.7%), B.� burgdorferi s.s./B.� carolinensis 
(13/161; 8.1%), and B.� lusitaniae (2/161; 1.2%) (Table�3). 
Coinfections were detected in 18 ticks (Table�4). Sanger 

sequencing of the 22 B.� garinii/B.� bavariensis-positive 
ticks revealed 21 (95.5%) as B.� garinii, while no fur-
ther di�erentiation was possible for one tick owing to 
a coinfection (Table�4). Further, B.� burgdorferi s.s. was 
identi�ed in 11/13 (76.9%) B.�burgdorferi s.s./B.�carolin-
ensis-positive ticks, while sequencing failed for the three 
remaining samples (23.1%) owing to coinfections.

As in ticks from dogs, B.� afzelii was the most fre-
quently detected species in ticks from cats (91/204; 
44.6%). Further, B.� spielmanii (49/204; 24.0%), B.� miy-
amotoi (32/204; 15.7%), B.� valaisiana (20/204; 9.8%), 
B.� garinii/B.� bavariensis (19/204; 9.3%), and B.� burg-
dorferi s.s./B.� carolinensis (10/204; 4.9%) were detected, 
as well as B.� lusitaniae (6/204; 2.9%), which was not 
detected in ticks from dogs. �e Borrelia species dis-
tribution di�ered signi�cantly as compared with ticks 
from dogs, with signi�cantly more frequent detection of 
B.�spielmanii but less frequent detection of B.�valaisiana 
(Table�3). Coinfections were noted in 23 ticks from cats 
(Table�4), which did not di�er signi�cantly compared 
with dogs (� 2 test, � 2 < 0.001, df = 1, P = 1). By Sanger 
sequencing, B.�garinii was identi�ed in 20/24 (83.3%) and 
B.� bavariensis in 1/24 (4.2%) of B.� garinii/B.� bavarien-
sis-positive ticks from cats, while B.�burgdorferi s.s. was 
identi�ed in 11/17 (64.7%) of B.�burgdorferi s.s./B.�caro-
linensis-positive ticks. �e nine remaining samples with 
ambiguous RLB results could not be further di�erenti-
ated owing to coinfections.

Prevalence and�copy numbers of�A.�phagocytophilum 
and�Borrelia spp. in�relation to�tick engorgement status
In ticks collected from dogs, the highest prevalence of 
A.� phagocytophilum as well as Borrelia spp. was meas-
ured in non-engorged specimens, decreasing signi�cantly 
with increasing time of engorgement (Fig.�2). Regard-
ing A.� phagocytophilum, the prevalence amounted to 
25.1% (94/375) in non-engorged ticks but only to 14.9% 
(56/375) in fully engorged ticks, with a signi�cant di�er-
ence between non-engorged ticks and partially engorged 

Table 1 Anaplasma phagocytophilum and Borrelia spp. copy number distribution among positive female I. ricinus collected from dogs 
and cats

Copy number Ticks from dogs Ticks from cats

A. phagocytophilum Borrelia spp. A. phagocytophilum Borrelia spp.

 <  101 15/285 (5.3%) 49/427 (11.5%) 31/464 (6.7%) 95/827 (11.5%)

 �  101 <  102 121/285 (42.5%) 137/427 (32.1%) 177/464 (38.2%) 335/827 (40.5%)

 �  102 <  103 90/285 (31.6%) 79/427 (18.5%) 173/464 (37.3%) 164/827 (19.8%)

 �  103 <  104 17/285 (6.0%) 59/427 (13.8%) 24/464 (5.2%) 89/827 (10.8%)

 �  104 42/285 (14.7%) 103/427 (24.1%) 59/464 (12.7%) 144/827 (17.4%)

Median 6.88 ×  101 1.07 ×  102 1.17 ×  102 9.00 ×  101
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Table 2 Results of the GLMM testing the in�uence of several predictor variables on the prevalence of A. phagocytophilum 
(model A and B) and Borrelia spp. (model C and D) infections in female I. ricinus collected from dogs and cats. The models were 
signi�cantly di�erent from a null model containing only the animal identi�cation number as a random factor (A: chi-square = 26.36, 
df = 5, P < 0.001; B: chi-square = 15.14, df = 5, P = 0.01; C: chi-square = 145.64, df = 5, P < 0.001; D: chi-square = 30.63; df = 5, 
P < 0.001). Signi�cant P-values are shown in bold

SE  standard error, GLMM  generalized linear mixed model
a Multiple comparisons were conducted using the function “glht” from the R package “multcomp” [42] with Tukey contrasts

A. phagocytophilum Model A: dogs Model B: cats

Estimate SE z P Estimate SE z P

Intercept �2.00 0.42 �4.725  < 0.001 �1.35 0.20 �6.682  < 0.001

Stage of  engorgementa

 Non-engorged versus partially engorged stage 1 �0.23 0.24 �0.977 0.760 �0.03 0.18 �0.144 0.999

 Non-engorged versus partially engorged stage 2 �1.01 0.29 �3.4290.003 �0.24 0.18 �1.303 0.561

 Non-engorged versus fully engorged �0.84 0.30 �2.8510.022 0.13 0.18 0.74 0.881

 Partially engorged stage 1 versus partially engorged stage 2 �0.78 0.28 �2.7480.030 �0.21 0.18 �1.162 0.651

 Fully engorged versus partially engorged stage 1 �0.61 0.28 �2.173 0.129 0.16 0.18 0.882 0.814

 Fully engorged versus partially engorged stage 2 0.16 0.28 0.576 0.939 0.37 0.18 2.032 0.176

Infestation type (ref: single)

 Multiple 0.20 0.21 0.936 0.349 0.53 0.16 3.2600.001

 Co-infection with Borrelia spp. 0.38 0.20 1.860 0.063 0.07 0.13 0.515 0.606

Borrelia spp. Model C: dogs Model D: cats

Estimate SE z P Estimate SE z P

Intercept �0.23 0.15 �1.536 0.125 0.45 0.15 2.923 0.003

Stage of  engorgementa

Non-engorged versus partially engorged stage 1 �0.65 0.16 �4.185 < 0.001 �0.43 0.16 �2.647 0.040

Non-engorged versus partially engorged stage 2 �1.30 0.17 �7.461 < 0.001 �0.55 0.16 �3.425 0.003

Non-engorged versus fully engorged �1.90 0.21 �9.256  < 0.001 �0.78 0.16 �4.781  < 0.001

Partially engorged stage 1 versus partially engorged stage 2 �0.64 0.17 �3.6780.001 �0.12 0.16 �0.788 0.860

Fully engorged versus partially engorged stage 1 �1.25 0.20 �6.184 < 0.001 �0.35 0.16 �2.195 0.125

Fully engorged versus partially engorged stage 2 �0.61 0.21 -2.843 0.023 �0.23 0.16 �1.441 0.474

Infestation type (ref: single)

 Multiple 0.12 0.14 0.910 0.363 0.27 0.13 2.018 0.044

 Co-infection with A. phagocytophilum 0.31 0.15 2.038 0.042 0.06 0.12 0.475 0.635

Table 3 Borrelia species distribution among qPCR-positive female I. ricinus from dogs and cats. Signi�cant P-values (Bonferroni-
corrected) are shown in bold

n.a. not applicable for Fisher’s exact test

Borrelia species Ticks from dogs % Ticks from cats % � 2 df P-value Performed test

B. afzelii 70/161 (43.5) 91/204 (44.6) 0.01 1 0.973 Chi-square test

B. garinii/B. bavariensis 22/161 (13.7) 19/204 (9.3) 1.30 1 0.254 Chi-square test

B. burgdorferi s.s./ B. carolinensis 13/161 (8.1) 10/204 (4.9) 1.04 1 0.307 Chi-square test

B. bissettiae 0/161 (0.0) 0/204 (0.0)

B. kurtenbachii 0/161 (0.0) 0/204 (0.0)

B. lusitaniae 2/161 (1.2) 6/204 (2.9) n.a n.a 0.416 Fisher’s exact test

B. miyamotoi 29/161 (18.0) 32/204 (15.7) 0.20 1 0.653 Chi-square test

B. spielmanii 14/161 (8.7) 49/204 (24.0) 13.74 1  < 0.001 Chi-square test

B. valaisiana 28/161 (17.4) 20/204 (9.8) 3.90 1 0.048 Chi-square test
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ticks from stage 2 or fully engorged specimens, as well as 
between partially engorged ticks from stage 1 and stage 2 
(Table�2). �e median A.�phagocytophilum copy numbers 
varied between 6.96 ×  101 in non-engorged and 1.80 ×  102 
in fully engorged ticks, but the increase with increasing 

engorgement time was not statistically signi�cant after 
P-value correction (Kruskal–Wallis test, � 2 = 8.52, df = 3, 
P 0.036; Fig.�2, Dunn’s post hoc tests, P = 0.077 between 
non-engorged and fully engorged ticks).

Concerning Borrelia spp., with 48.5% (182/375) of the 
non-engorged ticks from dogs being qPCR positive but 
only 12.0% (45/375) of the fully engorged ticks, all stages 
of engorgement showed signi�cantly di�erent prevalence 
values compared with non-engorged ticks and the other 
engorgement stages (Table�2). Seven di�erent Borrelia 
species were detected in non-engorged ticks, six each in 
partially engorged ticks of phase 1 and phase 2, and two, 
precisely B.� afzelii and B.� miyamotoi, in fully engorged 
specimens (Fig.�3). A signi�cant di�erence in prevalence 
between the engorgement categories was only detected 
with regard to B.�miyamotoi (Fisher’s exact test, Bonfer-
roni–Holm-corrected P = 0.007). Further, median Borre-
lia  spp. copy numbers varied between 5.68 ×  102� copies 
in non-engorged and 3.75 ×  102 copies in fully engorged 
ticks (Fig.�2). Additionally, a signi�cant in�uence of the 
time of engorgement on the Borrelia copy numbers 
was detected (Kruskal–Wallis test, � 2 = 13.54, df = 3, 
P = 0.004), with signi�cantly higher copy numbers in non-
engorged specimens compared with partially engorged 
ticks of stage 1 (Dunn’s post hoc test, P = 0.003).

Table 4 Coinfections with di�erent Borrelia species in female I. 
ricinus specimens collected from dogs and cats

Baf = B.�afzelii; Bga/Bba = B.�garinii/B. bavariensis; Bmi = B.�miyamotoi; 
Bsp = B.�spielmanii; Bss/Bca = B.�burgdorferi s.s./B. carolinensis; Bva = B.�valaisiana

Coinfection Ticks from dogs Ticks from cats

Baf + Bmi – 5 (21.7%)

Baf + Bsp 2 (11.1%) 6 (26.1%)

Baf + Bss/Bca 6 (33.3%) 3 (13.0%)

Bga/Bba + Bmi 2 (11.1%) 1 (4.4%)

Bga/Bba + Bsp – 1 (4.4%)

Bga/Bba + Bss/Bca 1 (5.6%) –

Bga/Bba + Bva 2 (11.1%) 3 (13.0%)

Bsp + Bmi 2 (11.1%) 1 (4.4%)

Bsp + Bva 1 (5.6%) 1 (4.4%)

Bss/Bca + Bmi 1 (5.6%) 1 (4.4%)

Bva + Bmi 1 (5.6%) 1 (4.4%)

Total 18 23

Fig. 2 Di�erences in the frequency of ticks infected with A. phagocytophilum (A) and Borrelia spp. (C) as well as A. phagocytophilum msp2/p44 
gene (B) and Borrelia 5S–23S IGS copies (D) per stage of engorgement in ticks from dogs (red/royal blue) and cats (light red/light blue). Boxes 
extend from the 25th to the 75th percentile, with a line at the median and whiskers extending to 1.5 the interquartile range. Signi�cant di�erences 
(P < 0.05) are indicated by an asterisk
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In ticks from cats, no signi�cant di�erence in A.�phago-
cytophilum prevalence between the stages of engorge-
ment was noted, with a prevalence of 33.6% (126/375) in 
fully engorged ticks and 31.7% (119/375) in non-engorged 
specimens (Table�2). Furthermore, no signi�cant in�u-
ence of the time of engorgement on the Anaplasma copy 
numbers was detected (Kruskal–Wallis test, � 2 = 3.44, 
df = 3, P = 0.328) with a median of 8.85 ×  101 copies in 
non-engorged and 1.52 ×  102 copies in fully engorged 
ticks (Fig.�2).

Concerning Borrelia spp., a signi�cantly higher 
prevalence was detected in non-engorged (244/375; 
65.1%) than in partially (stage 1: 209/375; 55.7%; stage 
2: 198/375; 52.8%) and fully engorged ticks from cats 
(176/375; 46.9%) (Fig.�2; Table�2). However, no changes 
in Borrelia species distribution over the time of engorge-
ment were noted in ticks from cats (Fig.�3). With regard 
to Borrelia copy numbers, with medians between 
1.11 ×  102�copies in non-engorged and 6.50 ×  101 copies in 

fully engorged ticks, no signi�cant in�uence of engorge-
ment status was detected (Kruskal–Wallis test, � 2 = 4.19, 
df = 3, P = 0.242; Fig.�2).

Pathogen prevalence in�single and�multiple infested dogs 
and�cats
In total, ticks from 535 single infested dogs and 371 cats 
were selected for pathogen detection, as well as a total of 
965 ticks from 474 multiple infested dogs, and 1129 ticks 
from 527 multiple infested cats.

Concerning A.�phagocytophilum, 17.4% (93/535) of the 
single infested dogs harbored infected ticks, and 24.0% 
(89/371) of the single infested cats. Regarding multiple 
infested animals, overall 32.1% (152/474) of the dogs 
harbored at least one positive tick compared with 51.8% 
(273/527) of the multiple infested cats (Table�5).

For Borrelia spp., 24.3% (130/535) of the sin-
gle infested dogs carried infected ticks and 49.6% 
(184/371) of the single infested cats. Concerning 

Fig. 3 Borrelia species distribution among successfully di�erentiated ticks from dogs (A) and cats (B) per stage of engorgement. Note the di�erent 
sample size of positive ticks for each engorgement category indicated above the bars
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multiple infestations, 51.3% (243/474) of the dogs har-
bored at least one positive tick, and 79.1% (417/527) of 
the cats (Table�5). There was no significant difference 
in prevalence of A.�phagocytophilum nor Borrelia spp. 
between ticks from single and multiple infestations of 
dogs, but both occurred significantly more often in 
ticks from multiple than single infested cats (Table�2).

Considering only cases of multiple infested animals, 
the number of actually examined ticks varied from one 
to five. From 450 dogs, more than one tick was exam-
ined, of which 20.0% of the examined ticks (188/941) 
from 148 dogs were A.�phagocytophilum positive. Con-
cerning cats, 492 animals contributed more than one 
tick to pathogen detection, of which 364/1.096 (33.2%) 
specimens from 262 cats were A.� phagocytophilum 
positive. The distribution of dogs infested with qPCR-
positive ticks was as follows: In 73.7% (109/148) of 
cases, only a single tick was A.�phagocytophilum posi-
tive, while two ticks were positive in 25.7% (38/148) of 
cases and three ticks in only one case (0.7%). Regard-
ing cats, 66.0% (173/262) contributed a single, 30.5% 
(80/262) contributed two, and 3.4% (9/262) contrib-
uted three or more A.�phagocytophilum-positive ticks 
(Table�6).

Concerning Borrelia spp. among ticks from ani-
mals that contributed more than one examined tick, 
285/941 (30.3%) infected ticks were collected from 231 
dogs, compared with 627/1096 (57.2%) positive speci-
mens from 401 cats. From most dogs, only a single tick 
was positive (178/231; 77.1%), while in 22.5% (52/231) 
of cases two ticks were infected and three ticks in only 
one case (0.4%). Concerning cats, 48.9% (196/401) 
contributed a single Borrelia infected tick, 45.6% 
(183/401) contributed two, and 5.5% (22/401) contrib-
uted three infected ticks. By excluding non-engorged 
specimens, which had not yet had a chance of becom-
ing infected by the current bloodmeal, no change 
within this distribution pattern was visible (Table�6).

Discussion
Owing to climatic and environmental changes over 
the last decades, the geographical and seasonal expan-
sion of ticks toward year-round activity translates to an 
increased overall risk of infestation and thus infection 
with tick-associated pathogens such as A.�phagocytophi-
lum and Borrelia spp., endangering human and animal 
health. A tick submission study from Germany revealed 
a long average time of engorgement of female I. rici-
nus ticks on dogs (78.8�h) and cats (82.7�h), illustrating 
the high risk of pathogen transmission [30]. Especially 
regarding cats, the current risk of infection with TBDs 
is probably underestimated, as a rising number of feline 
TBD case reports illustrates [9, 44].

In previous studies on questing female I. ricinus col-
lected from vegetation in Germany, A.� phagocytophi-
lum prevalences between 1.0% [11] and 11.6% [45] were 
detected, whereas a comparably high prevalence of 40.5% 
was reported from Denmark [12]. In previous studies 
examining ticks from dogs and cats, between 0.1% female 
I. ricinus from the UK [15], 3.5% from Finland [20], and 
22.3% from Poland [16] were found to be A.� phagocyt-
ophilum positive. In the present study examining exclu-
sively female I. ricinus ticks, the prevalence in ticks from 
dogs was quite high compared with these values, with 
every �fth tick positive, and even higher in ticks from 
cats with almost every third tick positive. �e quite high 
A.� phagocytophilum prevalence might additionally be 
in�uenced by the signi�cant positive association with 
Borrelia spp. infection status, and vice versa. Enhanced 
acquisition of both organisms by larval ticks from coin-
fected mice has been shown, related to higher bacterial 
burdens [46]. Moreover, coinfections with B.�burgdorferi 
s.l. and A.�phagocytophilum were frequently detected in I. 
ricinus collected from European hedgehogs [47].

Concerning Borrelia spp., most studies from Germany 
and neighboring countries have determined a prevalence 
around 35.0% in questing, non-engorged female I. ricinus 

Table 5 Prevalence of A. phagocytophilum and Borrelia spp. in female I. ricinus from single and multiple infested dogs and cats

No. of dogs harboring positive 
ticks %

No. of positive ticks from 
dogs %

No. of cats harboring positive 
ticks %

No. of positive 
ticks from cats %

A. phagocytophilum

 Single infestation 93/535 (17.4) 93/535 (17.4) 89/371 (24.0) 89/371 (24.0)

 Multiple infestation 152/474 (32.1) 192/965 (19.9) 273/527 (51.8) 375/1129 (33.2%)

 Total 245/1009 (24.3) 285/1500 (19.0) 362/898 (40.3) 464/1500 (30.9)

Borrelia sp.

 Single infestation 130/535 (24.3) 130/535 (24.3) 184/371 (49.6) 184/371 (49.6)

 Multiple infestation 243/474 (51.3) 297/965 (30.8) 417/527 (79.1) 643/1129 (57.0)

 Total 373/1009 (37.0) 427/1500 (28.5) 601/898 (66.9) 827/1500 (55.1)
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[3, 17, 29, 40, 48, 49], while the prevalence reached from 
1.0% in a study examining adult I. ricinus ticks from dogs 
sampled in four European countries [26], over 10.5% in a 
recently published study from Finland [20], to 44.0% in 
adult engorged I. ricinus ticks from wild and domestic 
animals in the Ukraine [24]. �erefore, the prevalence of 
28.5% in female I. ricinus ticks collected from dogs in the 
present study is similar to that in questing ticks, but con-
siderably lower than the detected infection rate in ticks 
from cats, with more than every second tick positive for 
Borrelia species.

�e fact that the seroprevalence of anti-A.� phagocy-
tophilum and anti-Borrelia spp. antibodies in dogs var-
ies enormously in Europe between 1.1% and 56.5% as 
reviewed by [50], or 1.1% and 17.9% as reviewed by [51], 
additionally shows that regional investigations can hardly 
be extrapolated, underlining the importance of nation-
wide surveys. In the present study, however, the investi-
gated pathogens were detected more or less evenly across 
Germany.

To evaluate whether the detected prevalence might be 
in�uenced by the ticks’ engorgement status, spiking trials 

were performed to exclude possible PCR inhibition due 
to the bloodmeal, although a DNA isolation kit speci�-
cally designed to inactivate PCR inhibitors from blood 
and other body �uids had already been used. �e spik-
ing trials showed no in�uence of the stage of engorge-
ment, but inhibitors actually did interfere with the qPCR 
process as false-negative results were obtained in non-
engorged as well as engorged ticks when using 10�µl and 
5�µl template volume. Interestingly, copy numbers were 
mainly not a�ected, being comparable in almost all sam-
ples with positive results. �us, the inhibition does not 
seem to skew qPCR quanti�cation, but suppresses the 
detection in general in certain cases similar to a “yes 
or no” answer. �e Borrelia qPCR seemed to be more 
susceptible to inhibition than the A.� phagocytophilum 
qPCR. Di�erential susceptibility of di�erent PCR assays 
to inhibitors has been reported previously [52]. Of note, 
inhibition was only observed when using isolated DNA 
from host-detached ticks, but not when using DNA 
from questing ticks as template, suggesting that the ini-
tiation of feeding activates or introduces an inhibitor in 
the tick. If this inhibitor has a biological function, e.g., 

Table 6 Distribution of animals from which multiple female I. ricinus were examined according to the number of positive ticks per 
host. The upper part of the table includes only engorged ticks, while all ticks are included in the lower part

Only engorged ticks

No. of positive ticks on examined dogs No. of positive ticks on examined cats

None One Two Three Four None One Two Three Four Five

A. phagocytophilum

 Hosts with two examined ticks 181/244 47/244 16/244 131/267 102/267 34/267

 Hosts with three examined ticks 9/17 5/17 2/17 1/17 11/33 9/33 9/33 4/33

 Hosts with four examined ticks – – – – – 1/6 1/6 2/6 0/6 2/6

Borrelia spp.

 Hosts with two examined ticks 147/244 82/244 15/244 61/267 116/267 90/267

 Hosts with three examined ticks 10/17 6/17 1/17 0/17 5/33 9/33 14/33 5/33

 Hosts with four examined ticks – – – – – 0/6 4/6 1/6 1/6 0/6

All ticks

No. of positive ticks on examined dogs No. of positive ticks on examined cats

None One Two Three Four None One Two Three Four Five

A. phagocytophilum

 Hosts with two examined ticks 280/412 99/412 33/412 193/391 143/391 55/391

 Hosts with three examined ticks 20/35 10/35 4/35 1/35 34/91 28/91 23/91 6/91

 Hosts with four examined ticks 2/3 0/3 1/3 0/3 0/3 2/7 2/7 2/7 1/7 0/7

 Hosts with �ve examined ticks – – – – – 1/3 0/3 0/3 0/3 0/3 2/3

Borrelia spp.

 Hosts with two examined ticks 202/412 166/412 44/412 78/391 169/391 144/391

 Hosts with three examined ticks 15/35 11/35 8/35 1/35 12/91 21/91 38/91 20/91

 Hosts with four examined ticks 2/3 1/3 0/3 0/3 0/3 0/7 5/7 1/7 1/7 0/7

 Hosts with �ve examined ticks – – – – – 1/3 1/3 0/3 1/3 0/3 0/3
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in the context of an immunomodulation at the loca-
tion of the tick bite, needs to be investigated further. 
�erefore, studies on host-detached ticks may be prone 
to false-negative results at certain template quantities, 
which should be carefully evaluated in future studies. In 
the present study, the qPCR was repeated with reduced 
template volume (2�µl) for every negative tick afterwards, 
thereby detecting more A.�phagocytophilum- and Borre-
lia-infected ticks in every engorgement category, but the 
general pattern over the stages of engorgement neverthe-
less remained as initially detected.

Concerning the overall prevalence of the pathogens 
detected, the signi�cant di�erences that were determined 
between ticks from dogs and cats may be related to the 
di�erent outdoor behavior and the resulting degree of 
habitat overlap with or contact to TBP reservoir hosts. 
Contact of cats with hedgehogs and other small mam-
mals, acting as reservoir hosts for A.� phagocytophilum 
and a variety of Borrelia species [53–55], may be pro-
voked by their unrestricted hunting drive. �is is further 
supported by a veterinary submission study showing dif-
ferences in the distribution of tick species infesting dogs 
and cats, with 5.0% of the collected ticks identi�ed as the 
hedgehog tick Ixodes hexagonus representing the second 
most frequently detected tick species on cats, while in 
dogs only 1.6% of the collected ticks were identi�ed as 
I. hexagonus [30]. Further, infected ticks might show a 
stronger a�nity to cats than dogs, however, this specula-
tion requires further investigations.

Di�erences between ticks from dogs and cats were also 
apparent regarding the Borrelia species distribution, fur-
ther underlining the hypothesis that both host species 
have a di�erent probability of acquiring ticks that previ-
ously fed on certain reservoir hosts. In ticks from both 
host species, B.� afzelii was detected most frequently, in 
line with former studies on questing and/or host-associ-
ated ticks [3, 27, 40, 48, 56]. However, B.�miyamotoi and 
B.�valaisiana were more frequently detected in ticks from 
dogs than B.� garinii, which was the second most fre-
quently detected species in the above-mentioned previ-
ous studies, whereas in ticks from cats, B.�spielmanii and 
B.�miyamotoi were more frequent than B.�garinii. Further, 
B.� valaisiana, which is associated with birds or lizards 
as reservoir hosts [57], was detected signi�cantly more 
frequently in ticks from dogs than cats, while cats har-
bored signi�cantly more ticks infected with B.�spielmanii, 
whose main reservoir hosts are rodents but which is also 
found in hedgehogs [54, 58].

While in ticks from dogs, the Borrelia species was suc-
cessfully determined in more than every third tick by 
RLB, the di�erentiation rate was lower for ticks from 
cats, with only every fourth tick successfully exam-
ined. �is is most likely related to the fact that 430/827 

Borrelia-positive ticks from cats contained only very 
low copy numbers (�   101 copies), hampering detection 
by RLB, which is less sensitive than qPCR. For both host 
species, the overall di�erentiation success rate was com-
parable to those from previous studies (31.6%-58.0%) 
examining questing [3, 40, 49] and host-associated ticks 
[17].

To examine whether dogs and cats might act as res-
ervoir hosts themselves, infecting the infesting ticks, or 
whether tick-to-tick transmission by cofeeding might 
take place during the bloodmeal, pathogen prevalence 
between ticks from single and multiple infestations as 
well as between di�erent stages of engorgement was 
compared. Concerning cats, a multiple infestation type 
signi�cantly raised the odds of a tick to be pathogen-
positive compared with single infestations, while in dogs 
multiple infestations had no signi�cant in�uence on the 
detected pathogen prevalence. Further, in those cases 
where more than one tick was examined per host, most 
dogs carried just a single infected tick, while only a quar-
ter harbored more than two to three infected ticks at the 
same time. In cats that contributed multiple ticks to the 
analysis, the proportion of animals with more than one 
infected tick was approximately one-third for A.�phago-
cytophilum and one-half for Borrelia spp., however, this 
distribution remained the same when excluding non-
engorged specimens, which have had little or no chance 
yet to become infected by the current bloodmeal. �us, a 
reservoir function of the cat itself is unlikely, but the data 
rather suggest a higher pathogen prevalence in ticks from 
the cats’ environment than in the natural habitat of dogs. 
Further, the attachment sites of the individual ticks argue 
against a potential in�uence of cofeeding, as in 55.9% of 
cases with two or more positive ticks per animal, those 
ticks were detected on separate body parts (data not 
shown).

Moreover, a decreasing rather than an increasing 
frequency of infected ticks was noted with increasing 
engorgement duration, except for A.� phagocytophi-
lum in ticks from cats, where no signi�cant di�er-
ences were visible at all. One of the main hypotheses 
for an increasing Borrelia prevalence over the time of 
engorgement is feeding-induced multiplication of spi-
rochetes [59]. According to that, a study by Michalski 
et�al. [17] showed a higher prevalence of Borrelia spp. 
and A.�phagocytophilum in engorged females compared 
with non-engorged specimens collected from dogs, 
although the sample sizes of examined non-engorged 
ticks were very small with 21 specimens for Borrelia 
spp. and 11 for A.� phagocytophilum compared with a 
higher sample size of 436 and 402 engorged specimens, 
respectively, in that study. In contrast, a study from the 
Netherlands showed a decreasing Borrelia prevalence 
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from non-engorged (11.8%; 10/85) to partially engorged 
ticks (1.9%; 1/53) collected from dogs [60], comparable 
to the �ndings of the present study. Other studies also 
described a decreasing prevalence with increasing time 
of engorgement [29, 61]. �is might be related to an 
early transmission of Borrelia spirochetes, an elimina-
tion by defecation or a destruction during the time of 
transfer from midgut to salivary glands [60, 62]. Further 
reasons might be a dilution e�ect due to the engorged 
blood or complement-mediated Borrelia clearance, as 
has been described for ruminant blood [63]. However, 
complement-mediated clearance seems less likely here, 
as most members of the B.� burgdorferi s.l. complex 
are resistant to serum complement of dogs and cats, 
except for an intermediate susceptibility of B.� garinii 
and B.�lusitaniae as reviewed by [64]. Further, there are 
strain-speci�c di�erences in serum susceptibility, and 
a German B.� garinii strain (Pbi) showed a high resist-
ance to dog serum in another study [65]. Moreover, in 
adult female ticks removed from humans, both B.�gari-
nii  and B.�afzelii bacterial load decreased with increas-
ing engorgement duration, with a stronger decrease of 
B.� afzelii [66], despite the fact that B.� garinii but not 
B.� afzelii is considered susceptible to human comple-
ment [64], indicating that immune-mediated clear-
ance probably only played a minor role for the decrease 
in bacterial load. �e Borrelia copy numbers in fully 
engorged ticks in the present study did not di�er from 
those in non-engorged ticks, but a signi�cant decrease 
of copy numbers was observed between non-engorged 
ticks from dogs and stage 1 partially engorged speci-
mens. �is may indicate e�cient transmission of Bor-
relia spirochetes to dogs within the early phase of the 
bloodmeal, supported by the biggest drop of prevalence 
between these two engorgement stages. �e result is 
comparable to the decrease of B.�afzelii and B.�garinii 
load in ticks having fed for more than 36�h on humans, 
which the authors linked to possible pathogen trans-
mission [66]. Further, neither multiplication of the Bor-
relia spp. in the midgut nor a dilution e�ect are evident 
from the present data, as no signi�cant increase nor 
decrease of the detected copy numbers occurred after 
this initial decrease. As a cautionary note, it should 
be kept in mind that the investigated target is a multi-
copy gene in B.�burgdorferi s.l. but a single-copy gene in 
B.�miyamotoi, indicating that the copy numbers are not 
necessarily linearly related to bacterial load.

Similar to the picture in ticks from dogs, the frequency 
of Borrelia-infected ticks decreased signi�cantly, but not 
as sharply, in ticks from cats. Further, in ticks from cats, 
no signi�cant decrease of the detected copy numbers 
was evident, possibly indicating a less e�cient transmis-
sion of Borrelia spirochetes compared with the �ndings 

in ticks from dogs, which might go hand in hand with 
minor clinical symptoms in cats.

With regard to A.� phagocytophilum, only Michalski 
et� al. [17] compared non-engorged and engorged ticks 
from dogs. Further studies have been performed on ticks 
from ruminants, such as roe deer, showing a distinct 
A.� phagocytophilum prevalence increase with increas-
ing time of engorgement [37], which, however, might be 
related to the reservoir function of wild ruminants as 
reviewed in [67]. In the present study, a distinct decrease 
of the A.� phagocytophilum prevalence between stage 
1 (24–72� h) and stage 2 (72–144� h) partially engorged 
ticks from dogs was observed, which could possibly indi-
cate the time window when most transmission takes 
place. Even if the transmission of A.� phagocytophilum 
can already occur after 6�h of feeding, although seldomly 
resulting in a su�cient infection [68], it is commonly 
agreed that the onset of transmission occurs around 36�h 
after the beginning of the feeding process [69]. Neverthe-
less, the A.�phagocytophilum copy numbers were not sig-
ni�cantly a�ected by increasing time of engorgement in 
ticks from dogs nor in ticks from cats. Only in ticks from 
dogs, a slight increase might indicate that the pathogen is 
replicating.

Cats also did not show a decline in A.�phagocytophilum 
prevalence, which suggests di�erent transmission kinet-
ics related to the di�erent host species. In general, dogs 
are regarded as more suitable A.�phagocytophilum hosts 
compared with cats as reviewed in [67]. Further stud-
ies are necessary to establish the cause of the decreasing 
prevalence in ticks of dogs with certainty as well as why 
this decrease was not or not as apparent in ticks from 
cats and to explain the observed di�erences between 
dogs and cats.

Conclusions
�e high prevalence of A.� phagocytophilum and Bor-
relia spp. detected in ticks from dogs and cats in this 
study underlines the high risk of pathogen transmis-
sion and thus the need for e�cient tick protection via 
licensed acaricides, as e.g. recommended by the Euro-
pean Scienti�c Counsel Companion Animal Parasites 
(ESCCAP), to protect the health of dogs and cats with 
regard to clinical cases of anaplasmosis or borreliosis. 
Even if the relevance of Borrelia spp. in veterinary med-
icine is lower than in human medicine, ticks that are 
introduced into the human environment with compan-
ion animals and then wiped o� may represent a risk for 
humans. �us, tick protection of dogs and cats is also 
of public health relevance within a One Health con-
text. �e signi�cant di�erences between dogs and cats 
concerning the overall pathogen prevalence, coinfec-
tions, and Borrelia species distribution are indicative 
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of behavioral di�erences resulting in varying degrees of 
contact or habitat overlap with di�erent TBP reservoir 
hosts. Decreasing prevalence of A.�phagocytophilum as 
well as Borrelia spp. in ticks from dogs with increasing 
time of engorgement may indicate successful transmis-
sion, while cat blood might negatively a�ect the e�-
ciency of A.�phagocytophilum transmission. �is could 
be a further explanation for the low number of clini-
cal cases and/or less pronounced clinical symptoms in 
cats. However, further studies are needed to unravel the 
di�erences between dogs and cats in this regard.
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Abstract 

Background: Over the last decades, climatic and environmental changes have led to an 

expanding seasonal activity pattern and increasing distribution of ticks across Europe. In 

particular, Dermacentor reticulatus is now commonly found on dogs in central Europe. The 

present study compared attachment sites between Ixodes spp. and Dermacentor reticulatus ticks 

collected by veterinarians from dogs and cats, and investigated risk factors associated with tick 

infestation intensity and engorgement duration.  

Results: The dataset comprised 6,335 dogs and 4,248 cats harbouring 10,287 (8,095 Ixodes 

ricinus, 1,860 D. reticulatus, 218 Ixodes hexagonus/Ixodes canisuga) and 8,005 (7,344 I. 

ricinus, 56 D. reticulatus, 505 I. hexagonus/I. canisuga) ticks, respectively. Differing sites of 

tick attachment were not only found between the different host and tick species, but also 

between the tick developmental stages. Regarding the risk of infestation with multiple ticks, 

dogs and cats living in rural areas harboured significantly more often multiple than single 

specimens. Further, a long coat in cats was associated with a higher probability of multiple 

infestation, while this was not observed in dogs. However, there was a tendency towards a 

potential influence of the density of the undercoat (p = 0.051). In dogs, a tall to very tall body 

size as well as folded ears increased the risk of multiple infestation, while in cats, increasing 

age and increasing body size were negatively associated with multiple infestations. Ticks with 

an engorgement duration of > 48 hrs were found significantly more often on senior dogs and 

cats than on younger individuals, as well as on working/utility dog breeds, while engorgement 
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duration was negatively correlated with infestation intensity in dogs. In cats, female gender and 

a rural residence were significantly associated with longer attachment duration.  

Conclusions: Individual as well as breed specific characteristics can lead to a higher tick 

infestation intensity or longer engorgement duration. The knowledge of tick attachment sites 

and specific risk factors can help to raise awareness among owners concerning the importance 

of tick control with licensed acaricides, as recommended e.g. by the European Scientific 

Counsel Companion Animal Parasites (ESCCAP), and may aid in early tick removal to decrease 

the risk of pathogen transmission to dogs and cats whose owners nonetheless refuse acaricidal 

drugs. 

 

Keywords: tick prophylaxis; year-round tick protection; tick detection; tick attachment sites; 

infestation risk 

 

 

Background 

Ticks transmit a variety of tick-borne pathogens (TBPs), causing tick-borne diseases (TBDs) in 

humans and animals (reviewed by 1). The most frequent tick species in central Europe is the 

sheep or castor bean tick Ixodes ricinus, vector of Anaplasma phagocytophilum, Borrelia spp. 

and tick-borne encephalitis virus, among other TBPs (2). The hedgehog tick Ixodes hexagonus, 

which is a vector of A. phagocytophilum and Borrelia spp. as well (3, 4), is also frequently 

found on dogs and cats (5), increasing the risk of TBP transmission. In addition, especially dogs 

are increasingly often infested with Dermacentor reticulatus, the ornate dog tick, which has 

dramatically expanded its range in Central Europe, e.g. in Poland (6), the Czech Republic (7) 

and Germany during the last decades (8, 9), and is the vector of Babesia canis, the principal 

cause of potentially life-threatening canine babesiosis in central Europe (10, 11).  

Knowledge on the main attachment sites of different tick species is informative with regard to 

the TBP exposition risk, because ticks may be less or more conspicuous on different body parts. 

In cases of a minimal tick infestation risk, e.g. in animals with restricted or no outdoor access, 

or reservations about the use of acaricides, pet owners often opt for a regular adspectorial tick 

control (12), which can be improved by detailed knowledge on tick predilection sites. In dogs, 

the head and neck are often regarded as highly infested areas (13, 14). For cats, less studies 

have been performed. In a study from the United Kingdom, the head (43% of the collected 

ticks), precisely the ears and the chin, as well as the neck (32% of the collected ticks) were the 

most commonly observed attachment sites of I. ricinus and I. hexagonus on cats, while on dogs 
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Figure 1: Distribution of tick attachment sites on dogs and cats sampled in the tick collection 

study for I. ricinus (A, D), D. reticulatus (B, E) and I. hexagonus/I. canisuga (C, F). The 

percentages refer to the total number of ticks for which the attachment site was documented, 

excluding free crawling ticks and those without a documented site of attachment. Further, the 

attachment sites of I. ricinus specimens from cats sampled in the frame of a clinical laboratory 

study are shown (G). Note that these cats were wearing a collar. The shading indicates the 

percentage of ticks recovered from the muzzle, ears, head, neck, dorsal and lateral rump, axillae, 

breast, abdomen, inguinal region, fore- and backlimbs, anogenital area and tail, respectively, 

with darker shades representing higher values.  
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Table 1: Number of ticks collected from dogs and cats in the tick collection study according to their area of attachment. Listed are the  

different developmental stages of the three most often collected tick species I. ricinus, I. hexagonus/I. canisuga and D. reticulatus.  

For D. reticulatus, only adult stages were collected. 

 I. ricinus I. hexagonus / I. canisuga D. reticulatus 

 Adults Nymphs Larvae Adults Nymphs Larvae Adults 

Dogs        

Ears 1,914/6,560 (29.2%) 27/122 (22.1%) 17/57 (29.8%) 7/7 (100%) 20/65 (30.8%) 2/9 (22.2%) 78/1,267 (6.2%) 

Head (without 

ears) 

688/6,560 (10.5%) 27/122 (22.1%) 10/57 (17.5%) 0/7 (0.0%) 2/65 (3.1%) 0/9 (0.0%) 53/1,267 (4.2%) 

Neck 1,282/6,560 (19.5%) 17/122 (13.9%) 7/57 (12.3%) 0/7 (0.0%) 11/65 (16.9%) 0/9 (0.0%) 355/1,267 (28.0%) 

Rump 1,513/6,560 (23.0%) 10/122 (8.2%) 10/57 (17.5%) 0/7 (0.0%) 13/65 (20.0%) 0/9 (0.0%) 422/1,267 (33.3%) 

Frontlegs 602/6,560 (9.2%) 24/122 (19.7%) 6/57 (10.5%) 0/7 (0.0%) 16/65 (24.7%) 6/9 (66.7%) 204/1,267 (16.1%) 

Hindlegs 501/6,560 (7.6%) 17/122 (13.9%) 7/57 (12.3%) 0/7 (0.0%) 3/65 (4.6%) 1/9 (11.1%) 117/1,267 (9.2%) 

Other 60/6,560 (0.9%) 0/122 (0.0%) 0/57 (0.0%) 0/7 (0.0%) 0/65 (0.0%) 0/9 (0.0%) 38/1,267 (3.0%) 

Total 6,560 122 57 7 65 9 1,267 

Cats        

Ears 1,265/6,174 (20.5%) 21/202 (10.4%) 56/164 (34.2%) 1/21 (4.8%) 29/92 (31.5%) 1/16 (6.3%) 8/48 (16.7%) 

Head (without 

ears) 

707/6,174 (11.5%) 32/202 (15.8%) 36/164 (22.0%) 10/21 (47.6%) 23/92 (25.0%) 4/16 (25.0%) 3/48 (6.3%) 

Neck 2,848/6,174 (46.1%) 54/202 (26.7%) 16/164 (9.8%) 1/21 (4.8%) 20/92 (21.7%) 1/16 (6.3%) 18/48 (37.5%) 
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Rump 696/6,174 11.3%) 35/202 (17.3%) 23/164 (14.0%) 1/21 (4.8%) 9/92 (9.8%) 4/16 (25.0%) 7/48 (14.6%) 

Frontlegs 494/6,174 (8.0%) 19/202 (9.4%) 11/164 (6.7%) 7/21 (33.3%) 7/92 (7.6%) 4/16 (25.0%) 6/48 (12.5%) 

Hindlegs 103/6,174 (1.7%) 22/202 (10.9%) 16/164 (9.8%) 0/21 (0.0%) 3/92 (3.3%) 0/16 (0.0%) 4/48 (8.3%) 

Other 61/6,174 (1.0%) 19/202 (9.4%) 6/164 (3.7%) 1/21 (4.8%) 1/92 (1.1%) 2/16 (12.5%) 2/48 (4.2%) 

Total 6,174 202 164 21 92 16 48 
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Risk factors in dogs 

The sex ratio of the sampled dogs was approximately even with 54.0% males and 44.9% 

females, including 39.6% (2,507/6,335) neutered animals (Table 2). Of the 3,423 males, 36.4% 

were neutered (1,247/3,423), 63.4% were intact (2,169/3,423) and for 0.2% of the animals no 

information was given (7/3,423). Of the female dogs, 43.9% (1,247/2,841) were neutered, 

56.1% (1,593/2,841) were intact and for one dog the castration status was unknown. The 

average age was 6.6 years and most of the sampled animals were adult dogs between one and 

eight years (2,876/6,335; 45.4%) (Fig. 2). Of the 6,335 dogs, 1,587 (25.1%) belonged to hunting 

breeds from which 227 (14.3%) were specifically described as dogs used for hunting. 

Companion breeds were represented by 1,406 (22.2%) dogs, of which 541 (38.5%) belonged 

to small and highly owner-orientated toy breeds. Further, 579 (9.1%) dogs were of herding 

breeds, with only 8 (1.4%) dogs actively herding, 508 (8.0%) of working and utility breeds, 

with 75 (14.8%) of them actively used, and 46 (0.7%) of greyhound breeds. For 2,214 (35.0%) 

dogs, no distinct breed was mentioned. Further, 1.1% (69/6,335) of the dogs were described as 

mice or rat hunters. Hair coat characteristics like hair length, structure of the hair coat as well 

as the density of the undercoat in infested dogs are described in detail in Table 2. 
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Table 2: Number of tick infested dogs and cats according to their individual or breed related 

hair coat characteristics. Note that the structure of the hair coat was not analysed in cats. 

 Dogs Cats 

Hair length   

   Short 1,347/6,335 (21.3%) 3,375/4,248 (79.5%) 

   Average 1,527/6,335 (24.1%) 27/4,248 (0.01%) 

   Long 1,074/6,335 (17.0%) 323/4,248 (7.6%) 

   Partially coated 6/6,335 (0.01%) 0/4,248 (0.0%) 

   Unknown 2,386/6,335 (37.7%) 525/4,248 (12.4%) 

Structure of the hair coat   

   Straight 3,097/6,335 (48.9%) NA 

   Coarse 661/6,335 (10.4%) NA 

   Wavy/Shaggy 368/6,335 (5.8%) NA 

   Unknown 2,214/6,335 (35.0%) NA 

Density of the undercoat   

   Missing 1,015/6,335 (16.0%) 4/4,248 (0.01%) 

   Moderate 516/6,335 (8.2%) 3,452/4,248 (81.3%) 

   Dense 2,595/6,335 (41.0%) 269/4,248 (6.3%) 

   Unknown 2,214/6,335 (35.0%) 525/4,248 (12.4%) 

NA = not applicable 



 
 

 

___________________________________________________________________________
 

 
Figure 2: Percentage distribution of intrinsic (gender, age, body height, shape of the ears and tail length) and extrinsic (residence) characteristics 

of tick infested dogs and cats included in the study. For cats, different ear shapes or tail lengths were not considered due to little variability. 
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Figure 3: Coefficient estimates with standard errors of the binomial GLMM investigating the effect of different predictor variables on 

the tick infestation type (single vs. multiple ticks) in dogs (A) and cats (B) for which breed information was available (N = 3,648 dogs, 

N = 3,173 cats). Significant P-values are printed in bold. The models were significantly different from null models containing only the 

dog respectively cat breed as a random factor (A: Chi-square = 109.21, Df = 26, P < 0.001; B: Chi-square = 152.37, Df = 20, P < 0.001).
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of cats, a comparison between attachment sites recorded in the tick submission study with those 

of cats experimentally infested with I. ricinus, wearing a collar to prevent tick removal, was 

possible.  

Distinct differences in the attachment site distribution were observed between the two host 

species, most likely due to their different tick species composition. Previous studies have 

identified varying predilection areas for different tick species infesting dogs, for example the 

head for I. ricinus (13-15), the rump and the neck for D. reticulatus (14, 32) and the ear region 

or the interdigital spaces for R. sanguineus (18, 31). In the present tick submission study, a third 

of the I. ricinus specimens from dogs were located on the head, followed by the rump and neck. 

Due to the large share of this tick species among the total number of ticks, this was the 

predominant tick distribution pattern on dogs in general. On the other hand, D. reticulatus 

specimens were mainly collected from rump, neck and extremities, in line with results from 

another German study, reporting that D. reticulatus specimens were significantly less often 

detached from the head compared to the back (14). A study from Austria suggested that highly 

infested areas may be coherent with the arrival points of questing ticks on their host (13). 

Questing of I. ricinus has been observed at an average height of 55 cm, while D. reticulatus 

showed an average questing height of 66 cm (33). As dogs often carry their head lower than 

their back during sniffing, this might explain the different predilection areas of the two tick 

species, head and neck for I. ricinus and rump as well as back for D. reticulatus. Further, 

differing attachment sites of adult and immature stages of I. ricinus on both dogs and cats and 

of I. hexagonus/I. canisuga on cats were noted. Similar differences in attachment sites have 

already been reported for the different developmental stages of I. ricinus as well as R. 

sanguineus (34-36). On red deer, I. ricinus larvae were mainly found on legs and ears, nymphs 

on the ears and adults on the neck and in the groin. The authors suggested a short moving 

distance of immature stages as a main reason for these differences (36). However, the smaller 

size of nymphs and larvae likely also influenced this distribution pattern, as they are less 

conspicuous to the owner than adult specimens, e.g. on the head, where adult ticks may be 

easily spotted. Nevertheless, it should be kept in mind that the sample size of nymphs and 

especially larvae of I. ricinus and I. hexagonus/I. canisuga was comparably low in the present 

study, so that further investigations are necessary to evaluate the recent results. 

In cats, almost half of the ticks collected in the submission study were detached from the neck 

followed by the head, confirming the neck as a typical attachment site for the two most 

frequently collected tick species from cats in this study, I. ricinus and I. hexagonus/I. canisuga, 
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for which a similar distribution pattern was already reported in a study from Great Britain (15). 

Regarding I. ricinus in cats, the results of the tick submission study were compared to a clinical 

laboratory study, which more closely reflect the natural predilection sites by excluding a bias 

due to tick removal by the owner. Moreover, the cats wore a collar to prevent tick removal by 

self-grooming. In the laboratory study, a higher proportion of ticks was collected from the head 

compared to the field study. The ears were highly infested, especially related to their very small 

proportion of the total body surface, with over a third of the collected ticks. This confirms that 

the ears are a preferred attachment site of I. ricinus compared to other parts of the head (15), as 

in dogs (13, 14, 18). Under natural conditions, ticks located on the ears are probably easily 

detected and removed by the owner or by the cat itself by self-grooming or scratching, which 

was prevented by the collar in the laboratory approach, explaining the difference between the 

laboratory and the field study. 

The I. hexagonus/I. canisuga specimens from the tick submission study were found first and 

foremost on the head of cats, also predominantly located at the sparsely haired and well perfused 

ear region, while the rest of the collected specimens were distributed all over the body in almost 

equal percentages. The head of cats is the first site of contact with nests of hedgehogs, the main 

hosts of I. hexagonus, which may be the reason for this predilection area (37).  

Apart from differences between tick species, different patterns of human-animal contact and 

grooming of cats and dogs may have influenced the results. While cats are touched especially 

often on the head, dogs are more accepting of close and extended body contact and are therefore 

often groomed on the whole body. These differences may influence the frequency of tick 

removal from different body areas and might have affected the described patterns.  

 

Risk factors in dogs and cats 

Together with the information about the tick attachment sites, knowledge on individual and 

breed specific factors that might increase the risk of multiple infestations or the duration of tick 

engorgement may help to improve regular tick prophylaxis by the owners. The modelling 

results showed distinct differences between dogs and cats with regard to host specific risk 

factors for the probability of multiple infestation. A previous study from Germany already 

reported a significant positive correlation of dog body size and tick infestation, especially in 

very tall breeds which were 9.7 times more likely infested with ticks than small dogs (14). A 

similar correlation between the probability of multiple infestation and dog body size was 

observed in the present study. Further, a long hair coat was positively correlated with the 
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also less abundant in urban areas. A study from the UK described the frequency of exposure 

rather than the route or duration of the outdoor activity as the biggest risk factor of tick 

infestation (40). In line with this, we would have expected herding and hunting dogs to carry 

significantly more ticks than companion or toy breeds, as already described in some previous 

studies (19, 38). However, breed purpose showed no significant effect on infestation intensity 

in dogs and was removed from the final model. Nevertheless, it should be kept in mind that 

only a small proportion of the dogs was listed as actively herding or hunting, so that the actual 

risk of infestation in these categories might be lower than expected. However, a significantly 

longer engorgement duration was observed in working and utility breeds compared to 

companion breeds like previously reported (19). A longer attachment duration could be driven 

by the fact that working/utility breeds often spend more time outdoors or in kennels, with less 

intensive contact to the owner than companion breeds. 

Seasonal differences in the frequency of multiple infestations in this dataset have already been 

described by Probst et al. (5), wherefore sampling month was included in the statistical models 

of the present study. The observed differences between dogs and cats are probably driven by 

their different tick species composition. In both sampled host species, I. ricinus was the most 

often collected tick species, accounting for over 78.69% of all collected ticks from dogs and 

even 91.74% of all specimens collected from cats. While D. reticulatus was the second most 

common tick species in dogs, I. hexagonus/I. canisuga was the second most frequent tick 

species in cats (5). The fact that no significant monthly differences were noted with regard to 

infestation intensity in dogs is probably caused by the complementary activity patterns of I. 

ricinus and D. reticulatus, resulting in a similar risk of multiple infestation year-round (5), i.e. 

also a risk of infestation over the winter months. Cats had a higher probability of harbouring 

multiple ticks from April to June, which covers the main activity period of I. ricinus and I. 

hexagonus/I. canisuga (41-43), and is in line with the distinct peak in multiple infestations with 

I. hexagonus in May and June (5). 

 

Conclusions 

This large-scale study showed that most ticks were concentrated on the head and neck of both 

dogs and cats, however, the share of ticks on other body parts should also not be neglected. 

While knowledge on the main attachment sites is helpful to facilitate early tick removal, tick 

and consequently TBD prophylaxis relying solely on visual control for ticks can only be 

recommended if the risk for tick infestation is minimal. This risk is modulated by several 
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Additional Figure 1: Questionnaire used during the tick collection study (translated into 

English).





 
 
 

 

   Ear (not specified) 6 6 0 1 1 1 0 0 

   Ear cranial 319 273 18 23 205 161 0 38 

   Ear caudal 97 80 8 6 51 29 0 21 

   In front of the ear 58 54 0 3 35 35 0 0 

   Behind the ear 283 249 27 3 485 460 3 18 

   Under the ear 62 22 0 1 110 46 0 1 

   In the ear 5 4 0 0 1 1 0 0 

   Ear base 2 2 0 0 1 1 0 0 

Neck 1,694/8,178 

(20.7%) 

1,293/6,364 

(20.3%) 

355/1,267 

(28.0%) 

24/187 

(12.8%) 

3,049/6,807 

(44.8%) 

2,869/6,281 

(45.7%) 

18/48 (37.5%) 71/388 (18.3%) 

   Neck (not specified) 8 0 0 0 63 0 0 0 

   Neck dorsal 472 354 105 5 911 875 6 22 

   Neck ventral 466 321 131 11 652 627 6 12 

   Neck lateral 574 467 99 5 1167 1128 6 24 

   Cervical neck 174 151 20 3 256 239 0 13 

Rump 1,984/8,178 

(24.3%) 

1,526/6,364 

(24.0%) 

422/1,267 

(33.3%) 

21/187 

(11.2%) 

725/6,807 

(10.7%) 

708/6,281 

(11.3%) 

7/48 (14.6%) 60/388 (15.5%) 

   Chest 277 203 69 3 139 131 0 7 

   Abdomen 182 139 37 3 37 28 0 9 

   Abdominal wall 413 284 118 4 130 115 1 10 

   Back 429 302 119 5 202 178 2 18 



 
 
 

 

   Axilla 366 311 56 3 127 176 3 7 

   Inguinal area 181 163 12 3 23 21 1 1 

   Inter-thigh area 45 42 2 0 4 3 0 1 

   Anogenital area 91 82 9 0 63 56 0 7 

Frontlegs 866/8,178 

(10.6%) 

624/6,364 

(9.8%) 

204/1,267 

(16.1%) 

30/187 

(16.0%) 

552/6,807 

(8.1%) 

505/6,281 

(8.0%) 

6/48 (12.5%) 37/388 (9.5%) 

   Shoulder 415 290 114 6 317 302 5 7 

   Between the shoulders 133 94 36 2 165 156 0 9 

   Upper arm 156 121 35 0 30 22 1 7 

   Elbow 12 12 0 0 0 0 0 0 

   Elbow flexion 19 19 0 0 2 1 0 1 

   Front paw 131 88 19 22 38 24 0 13 

Hindlegs 652/8,178 

(8.0%) 

505/6,364 

(7.9%) 

117/1,267 

(9.2%) 

24/187 

(12.8%) 

149/6,807 

(2.2%) 

106/6,281 

(1.7%) 

4/48 (8.3%) 38/388 (9.8%) 

   Hip 120 82 35 1 33 22 1 9 

   Upper thigh 317 266 43 7 70 55 3 12 

   Knee 9 9 0 0 1 1 0 0 

   Knee fold 128 95 29 3 27 22 0 5 

   Ankle joint 18 14 3 0 3 2 0 1 

   Back paw 60 39 7 13 15 4 0 11 



 
 
 

 

Other 99/8,178 

(1.2%) 

60/6,364 

(0.9%) 

38/1,267 

(3.0%) 

0/187  

(0.0%) 

94/6,807 

(1.4%) 

64/6,281 

(1.0%) 

2/48 (4.2%) 26/388 (6.7%) 

   Tail 39 22 17 0 25 15 0 10 

   Tail base 39 29 9 0 42 24 1 16 

   Dorsal (not specified) 1 0 1 0 27 25 1 0 

   Ventral (not specified) 20 9 11 0 0 0 0 0 

Total 8,178 6,634 1,267 187 6,807 6,281 48 388 



 
 
 

 

Additional Table 2: Number of adult Ixodes ricinus ticks collected from cats during a clinical 

laboratory study according to their detailed site of attachment. Note that the cats wore a collar 

to prevent tick removal. 

 

 I. ricinus collected from experimentally infested cats 

Head (without ears) 209/848 (24.7%) 

   Head lateral 1 

   Head dorsal 49 

   Head ventral 21 

   Forehead 18 

   Muzzle 33 

   Chin 62 

   Cheek 21 
   Eyes 4 

Ears 316/848 (37.3%) 

   Ear cranial 74 

   Ear caudal 98 

   In front of the ear 87 

   Behind the ear 25 

   In the ear 32 

Neck 242/848 (28.5%) 

   Neck dorsal 78 

   Neck ventral 46 

   Neck lateral 69 

   Cervical neck 49 

Rump 26/848 (3.1%) 

   Chest 12 

   Abdominal wall 1 

   Back 8 

   Axilla 3 

   Inguinal area 1 

   Anogenital area 1 

Frontlegs 18/848 (2.1%) 



 
 
 

 

   Shoulder 8 

   Between the shoulders 3 

   Front paw 7 

Hindlegs 4/848 (0.5%) 

   Upper thigh 2 

   Knee fold 2 

Tail base 29/848 (3.4%) 

Total 848 

 



 
 

 

 
Additional Table 3: Results of binominal GLMMs testing the influence of several predictor variables on the tick infestation type (single 

vs. multiple ticks) in dogs and cats for which breed information was available. The models were significantly different from null models 

containing only the dog respectively cat breed as a random factor (A: Chi-square = 109.21, Df = 26, P < 0.001; B: Chi-square = 152.37, 

Df = 20, P < 0.001). Significant P-values are printed in bold.  

 

 Model A: Dogs (N = 3,684) Model B: Cats (N = 3,173) 

Estimate SE z P Estimate SE z P 

Intercept -2.67 0.67 -3.997  < 0.001 -1.80 0.76 -2.366 0.018 

Age - - - - -0.02 0.01 -2.581 0.010 

Gender (ref: male)         

     Female - - - - -0.15 0.08 -1.803 0.071 

Height (ref: small)         

     Medium 0.30 0.20 1.507 0.132 - - - - 

     Tall 0.62 0.19 3.322 0.001 -0.52 0.26 -1.971 0.049 

     Very tall 0.51 0.22 2.261 0.024 - - - - 

Coat length (ref: short)         

     Average 0.17 0.13 1.285 0.199 0.40 0.44 0.905 0.366 

     Long 0.26 0.15 1.689 0.091 0.75 0.22 3.427 0.001 

     Partially coated 1.32 0.92 1.431 0.152 - - - - 

Density of the undercoat (ref: missing)         

     Moderate -0.05 0.18 -0.261 0.794 - - - - 



 
 

 

     Dense 0.26 0.14 1.953 0.051 - - - - 

Structure of the hair coat (ref: straight)         

     Double coated hair -0.05 0.15 -0.325 0.745 - - - - 

     Wavy/Shaggy hair 0.12 0.17 0.683 0.494 - - - - 

Shape of the ears (ref: erect)         

     Folded* 0.26 0.13 1.957 0.050 - - - - 

     Dropping 0.22 0.25 0.871 0.384 - - - - 

Character of residence (ref: rural)         

     Urban -0.24 0.11 -2.253 0.024 -0.22 0.11 -1.992 0.046 

     Rural and urban -0.12 0.15 -0.810 0.418 0.01 0.25 0.039 0.969 

     Only on the own property - - - - -0.65 0.31 -2.113 0.035 

Month of collection (ref: January)         

     February 1.06 0.70 1.512 0.131 1.03 0.81 1.274 0.203 

     March 0.46 0.64 0.726 0.468 1.26 0.76 1.661 0.097 

     April 0.84 0.63 1.345 0.179 1.63 0.75 2.159 0.031 

     May 0.89 0.63 1.430 0.153 1.53 0.75 2.029 0.042 

     June 1.09 0.62 1.740 0.082 1.55 0.76 2.056 0.040 

     July 0.37 0.63 0.585 0.559 1.08 0.76 1.419 0.156 

     August 0.02 0.66 0.028 0.978 0.33 0.80 0.409 0.683 

     September 0.05 0.65 0.071 0.943 0.26 0.79 0.326 0.745 

     October 0.38 0.66 0.582 0.560 0.11 0.79 0.133 0.895 





 
 

 

     Tall - - - - -0.55 0.38 -1.452 0.146 

Coat length (ref: short)         

     Average 0.03 0.15 0.173 0.863 -0.23 0.61 -0.372 0.710 

     Long -0.01 0.18 -0.040 0.968 0.23 0.36 0.648 0.517 

     Partially coated -1.43 1.15 -1.238 0.216 - - - - 

Density of the undercoat (ref: dense)         

     Missing 0.19 0.17 1.134 0.257 -0.10 0.52 -0.187 0.852 

     Moderate -0.15 0.21 -0.710 0.478 0.13 0.25 0.498 0.618 

Breed purpose (ref: companion breeds)         

     Toy breeds 0.03 0.23 0.119 0.905 - - - - 

     Hunting breeds -0.03 0.19 -0.153 0.878 - - - - 

     Working and utility breeds 0.51 0.24 2.120 0.034 - - - - 

     Herding breeds 0.36 0.24 1.501 0.133 - - - - 

     Greyhounds -0.65 0.51 -1.282 0.200 - - - - 

Animal infestation intensity -0.14 0.03 -5.582 < 0.001 0.01 0.01 0.619 0.536 

Character of residence (ref: rural)         

     Urban - - - - 0.00 0.13 0.015 0.988 

     Rural and urban - - - - -0.75 0.28 -2.663 0.008 

     Only on the own property - - - - 0.01 0.34 0.016 0.987 

SE = Standard Error           
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4 Übergreifende Diskussion  
 

Durch sich ändernde klimatische und ökologische Bedingungen werden bereits seit einigen 

Jahren Veränderungen in der geographischen Verbreitung und saisonalen Aktivität 

verschiedener Zeckenarten beobachtet. Aufgrund der zunehmenden Anzahl klinischer Fälle 

zeckenübertragener Erkrankungen, wie zum Beispiel der kaninen Babesiose (HELM et al. 

2022, SEIBERT et al. 2022) oder der granulozytären Anaplasmose (KOHN et al. 2008, KOHN 

et al. 2011, SCHÄFER und KOHN 2020), ist eine aktuelle Einschätzung des 

Zeckeninfestationsrisikos und der damit einhergehenden Expositionsgefahr von Hunden und 

Katzen gegenüber zeckenübertragenen Pathogenen notwendig, um mit aktualisierten 

Empfehlungen zur adäquaten Anwendung zur Zeckenprophylaxe zugelassener Akarizide 

reagieren zu können. Auch hinsichtlich des allgemeinen Gesundheitswesens muss es im Sinne 

eines One-Health-Ansatzes das Ziel sein, der weiteren Verbreitung und Etablierung von 

Zeckenpopulationen sowie human- und veterinärmedizinisch relevanter Pathogene 

vorzubeugen (HEYMAN et al. 2010). Weiterhin kann die Kenntnis wirtsassoziierter 

Risikofaktoren und bevorzugter Ansatzstellen der verschiedenen Zeckenarten dazu beitragen, 

neben der Infestationsintensität auch die Saugdauer, welche das Risiko der Übertragung von 

Pathogenen maßgeblich beeinflusst (PIESMAN et al. 1987), im Rahmen einer frühen 

adspektorischen Untersuchung infestierter Tiere zu verringern.  

Im Rahmen dieser Arbeit wurden verschiedene Studienansätze gewählt, um neben der 

geographischen Verteilung und saisonalen Aktivität der hierzulande relevanten Zeckenarten 

von Hund und Katze auch die Saugdauer, Ansatzstellen und wirtsassoziierte Risikofaktoren zu 

untersuchen und ferner die Prävalenz ausgewählter Pathogene bei Zecken von Hunden und 

Katzen zu erheben. 

 

Geographische Verbreitung verschiedener Schildzeckenarten in Deutschland und 

Österreich 

Mittels einer tierärztlich gestützten Einsendungsstudie wurden insgesamt 19.514 Zecken, davon 

18.126 im ursprünglich vorgesehenen Studienzeitraum von Mai 2020 bis Juni 2021, gesammelt. 

Mit 17.789 Exemplaren stammten die meisten Exemplare aus Deutschland, während nur 7,7 % 

der Zecken aus Österreich stammten. Weitere 21 Einsendungen trafen aus Nachbarländern wie 
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Artverteilung bei Hunden und Katzen. Hinsichtlich der beprobten Wirtsspezies stammten     

52,7 % aller Einsendungen von insgesamt 6.335 Hunden, 41,0 % von 4.248 Katzen und 6,2 % 

von anderen Tierarten wie Igeln, Pferden, Rehen sowie weiteren Haus- und Wildtieren. Sowohl 

die beprobten Hunde als auch Katzen waren am häufigsten mit dem gemeinen Holzbock I. 

ricinus infestiert. Die Wiesenzecke D. reticulatus mit einem Anteil von 18,1 % bei Hunden am 

zweithäufigsten detektiert, während die Igelzecke I. hexagonus mit einem Anteil von 5 % die 

zweithäufigste Zeckenart bei Katzen darstellte. Diese Unterschiede liegen am 

wahrscheinlichsten in der Wirtspräferenz der jeweiligen Zeckenarten begründet. Während D. 

reticulatus eine deutliche Affinität für Hunde zeigt (ESTRADA-PEÑA et al. 2018) und nur 

selten an Katzen gefunden wird (DREHMANN et al. 2020, SPRINGER et al. 2022), parasitiert 

I. hexagonus hingegen häufig bei Katzen. Ein Grund dafür ist möglicherweise, dass Katzen mit 

Freigang durch ihre uneingeschränkte Jagdaktivität sowie die vergleichsweise kleine 

Körpergröße häufiger Kontakt zu Igeln und Igelnestern haben. 

Hinsichtlich der geographischen Verteilung der verschiedenen Zeckenarten wurde in einigen 

östlichen Bundesländern ein großer Anteil von D. reticulatus an der Gesamtpopulation 

festgestellt. In Brandenburg und Sachsen-Anhalt war D. reticulatus sogar die am häufigsten 

eingesandte Zeckenart, während aus den restlichen Bundesländern überwiegend I. ricinus-

Exemplare eingesandt wurden. Bei Hunden variierte der Anteil an D. reticulatus-Exemplaren 

je nach Bundesland von 1,0 % in Nordrhein-Westfalen bis 66,0 % in Sachsen-Anhalt. Die 

Bundesländer Brandenburg und Sachsen-Anhalt wurden bereits in anderen Studien als 

endemisch für D. reticulatus beschrieben, wie auch Berlin und Sachsen (DAUTEL et al. 2006, 

BECK et al. 2014), in denen der Anteil gesammelter D. reticulatus-Exemplare auch im Rahmen 

dieser Studie über 30,0 % lag. Auch aus Hessen wurden 32,1 % aller Zecken von Hunden als 

D. reticulatus bestimmt. Im Zusammenhang mit dem Anstieg klinischer Fälle von kaniner 

Babesiose, z.B. in Berlin und Brandenburg (EICHENBERGER et al. 2015) sowie Hessen 

(SEIBERT et al. 2022), ist der große Anteil an D. reticulatus besonders alarmierend. Eine 

Aussage über die geographische Verteilung der Zeckenarten in Österreich ist durch den 

vergleichsweise geringen Probenumfang, bedingt durch die geringe Anzahl von nur 22 an der 

Einsendestudie teilnehmenden Tierarztpraxen, schwierig zu treffen. Jedoch deutet sich trotz des 

deutlich geringeren Anteils an D. reticulatus-Exemplaren an der Gesamtheit der aus Österreich 

eingesandten Zecken (3,1 %) ein bereits beschriebenes Verteilungsmuster an. Wie auch in 
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Hunden und Katzen parasitieren. Einzelne Larven und Nymphen von I. ricinus sind aufgrund 

ihrer geringeren Größe aber auch schwieriger zu detektieren als adulte Exemplare, während die 

Infestationsintensität mit immaturen Stadien endophiler Zeckenarten wie I. hexagonus häufig 

sehr hoch ist, sodass diese Zecken trotz ihrer kleinen Größe mit größerer Wahrscheinlichkeit 

entdeckt werden. Möglicherweise wird dadurch der Anteil immaturer I. ricinus-Stadien an 

Hunden und Katzen insgesamt unterschätzt. Bezüglich D. reticulatus wurden nur adulte Stadien 

eingesandt, was aufgrund der nestadaptierten Lebensweise der Larven und Nymphen in 

Nagerbauten und der damit einhergehenden Wirtsverfügbarkeit zu erwarten war. Weiterhin 

zeigen die immaturen Stadien von D. reticulatus eine ausgeprägte Saisonalität mit einer nur 

sehr kurzen Aktivitätsphase im Sommer (NOSEK 1972, ESTRADA-PEÑA et al. 2018), sodass 

die Wahrscheinlichkeit des Auffindens an Haustieren zudem saisonal stark begrenzt ist. 

Jede dritte Katze (31,0 %) und jeder fünfte Hund (20,9 %) war hinsichtlich der Befallsintensität 

mit mehr als einer Zecke infestiert, was die Wahrscheinlichkeit einer Infektion mit Pathogen 

bei Zeckenbefall maßgeblich steigert. In diesem Kontext wurde die Hälfte der Katzen (54,0 %) 

als Mäusefänger beschrieben, wodurch im Vergleich zu Hunden, die häufig durch 

Leinenführung begrenzt sind, eine längere Aufenthaltsdauer in Zeckenhabitaten sowie ein 

häufigerer Kontakt zu Wildtieren angenommen werden kann. Im Durchschnitt waren Katzen 

mit 1,88 Zecken infestiert, die maximale Anzahl lag bei 54 Zecken, welche allesamt als I. 

hexagonus identifiziert wurden. Trotzdem dieser Fall eine höhere Anzahl an 

Mehrfachinfestationen durch I. hexagonus vermuten lassen könnte, wurden keine signifikanten 

Unterschiede in der Anzahl an Mehrfachinfestationen zwischen I. ricinus und I. hexagonus 

festgestellt. Hunde waren durchschnittlich mit 1,62 Zecken sowie einer maximalen Anzahl von 

96 Exemplaren infestiert, bestehend aus 91 I. ricinus- und fünf D. reticulatus-Exemplaren. Eine 

derart hohe Infestationsintensität erscheint in Deutschland eher ungewöhnlich und muss daher 

kritisch hinterfragt werden, wohingegen hohe Intensitäten in anderen europäischen Ländern bei 

R. sanguineus-Befall häufiger vorkommen (BRIANTI et al. 2013). Bei dem betroffenen 

Labrador-Husky-Mischling ist durch die dicke Unterwolle mit den verbunden 

Auffindeschwierigkeiten für die Besitzerin/den Besitzer unter Umständen eine Akkumulation 

von Zecken über mehrere Tage erfolgt.  
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Saisonale Aktivitätsmuster und Winteraktivität von I. ricinus, I. hexagonus und D. 

reticulatus 

Um ein umfassendes Bild der saisonalen Aktivität von I. ricinus und D. reticulatus zu erlangen, 

wurden zusätzlich zur Einsendungsstudie Freilanduntersuchungen in Niedersachsen und 

Hessen sowie Untersuchungen in quasi-natürlichen Zeckenplots mit besonderem Augenmerk 

auf die Wintermonate Dezember bis Februar durchgeführt. Zunehmend milde Winter der 

letzten Jahrzehnte (IPCC 2014) haben einen Einfluss auf die Aktivität und geographische 

Verbreitung heimischer Zeckenarten. Die Durchschnittstemperaturen der untersuchten 

Winterperioden lagen bei 1,8 °C (2020/2021) beziehungsweise 3,3 °C (2021/2022) und wichen 

somit um +1,6 °C und +3,1 °C von der klimatischen Referenzperiode (1961 bis 1990) ab 

(DEUTSCHER WETTERDIENST 2021, DEUTSCHER WETTERDIENST 2022).  

In den Zeckenplots sowie der Feldstudie zeigten sowohl I. ricinus-Nymphen als auch adulte 

Exemplare von I. ricinus und D. reticulatus in allen Wintermonaten der Jahre 2020/2021 und 

2021/2022 eine Aktivität. Während DAUTEL et al. (2008) die in ihrer Feldstudie festgestellte 

Winteraktivität von I. ricinus-Exemplaren noch als Resultat eines ungewöhnlich milden 

Winters (2007/2008) beschrieben, zeigen die Ergebnisse der vorliegenden Arbeit eine 

kontinuierliche Winteraktivität von D. reticulatus und eine vergleichsweise niedrige, aber 

ebenfalls konstante Aktivität von I. ricinus. Diese ganzjährig beobachtete Aktivität wurde 

lediglich durch deutschlandweit vorherrschende, arktische Temperaturen mit bis zu -20 °C und 

einer hohen, geschlossenen Schneedecke im Februar 2021 unterbrochen (DEUTSCHER 

WETTERDIENST 2023). Auch bislang noch unpublizierte eigene Ergebnisse der Zeckenplots 

aus dem Winter 2022/2023 stützen die festgestellte Winteraktivität beider Zeckenarten. 

In allen drei installierten Zeckenplots erschienen gehäutete Nymphen bzw. adulte I. ricinus 

erstmalig acht bis neun Monate nach dem Einsetzen gesogener Larven bzw. Nymphen im Juni 

oder Juli, das heißt im Februar des Folgejahres, und konnten daraufhin ganzjährig an den 

Beobachtungsstäben gesichtet werden. Im auf die erste Aktivitätssaison folgenden Winter 

waren 6-7 % der im Frühling/Frühsommer aktiven I. ricinus-Exemplare zu beobachten. Eine 

entsprechende Abnahme der Zeckenaktivität über die Wintermonate konnte für D. reticulatus 

in dieser Form nicht beobachtet werden, ausgenommen von der bereits erwähnten Kälteperiode 

im Februar 2021. Sogar bei Lufttemperaturen unter dem Gefrierpunkt konnten eine große 

Anzahl D. reticulatus- sowie einige I. ricinus-Exemplare an den Ablesestäben beobachtet 
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werden. Ob die beobachteten Exemplare zu diesem Zeitpunkt aktiv auf Wirtssuche waren, lässt 

sich nicht abschließend feststellen, da die Zecken bereits am milderen Vortag an den 

Ablesestäben emporgekrabbelt und dort durch die Temperaturabnahme in eine Kältestarre 

gefallen sein könnten. Nichtsdestotrotz waren unter 5 °C vergleichsweise wenige I. ricinus-

Exemplare aktiv, was mit Ergebnissen anderer Autoren (PRETZMANN et al. 1964) im 

Einklang steht. Dermacentor reticulatus wurde in vorhergehenden Studien hingegen nach 

nächtlichen Minimaltemperaturen von bis zu -5,4 °C (THARME 1993) und Bodentemperaturen 

leicht unter dem Gefrierpunkt (KASZEWSKI 2008) beobachtet, während Studien aus Ungarn 

und Polen von einer konstanten Aktivität ab einer Lufttemperatur von 2,5 °C (BUCZEK et al. 

2014), 4 °C (BARTOSIK et al. 2011) beziehungsweise 10 °C (KIEWRA et al. 2016) berichten. 

In der vorliegenden Arbeit konnten anhand eines generalisierten linearen gemischten Modells 

(GLMM) jedoch keine signifikanten Korrelationen von Temperatur, relativer Luftfeuchtigkeit 

oder dem Sättigungsdefizit, welches sich aus der relativen Luftfeuchte und der Lufttemperatur 

berechnet und angibt, wie viel Wasserdampf die Umgebungsluft noch bis zur Sättigung 

aufnehmen kann, mit der Anzahl beobachteter Zecken während der Wintermonate festgestellt 

werden. Im Gegensatz dazu berichteten SANDS et al. (2021) von einem starken Einfluss der 

Temperatur und des Sättigungsdefizits auf die Aktivität adulter D. reticulatus-Exemplare, 

jedoch bezogen auf das gesamte Jahr und nicht nur auf die Wintermonate. In der vorliegenden 

Arbeit waren hingegen die Regenmenge innerhalb der letzten zehn Tage vor der jeweiligen 

Beobachtung, die Schneehöhe sowie das Zeckenalter signifikant negativ mit der Anzahl 

beobachteter D. reticulatus-Zecken assoziiert. Schnee hatte hierbei den größten negativen 

Effekt. Über die letzten Jahre hat der jährliche Schneefall in Deutschland jedoch deutlich 

abgenommen (DEUTSCHER WETTERDIENST 2022c, DEUTSCHER WETTERDIENST 

2022d), was neben zunehmend milderen Wintertemperaturen zu der schnellen und 

großflächigen Verbreitung von D. reticulatus beigetragen haben könnte.  

Auch in den Freilanduntersuchungen wurde in beiden Studienjahren eine Winteraktivität von 

I. ricinus an allen niedersächsischen Standorten in den Monaten Dezember und Februar 

verzeichnet, während D. reticulatus-Exemplare auch im Januar gesammelt wurden. Im Januar 

2021 konnte für I. ricinus keine Zeckenaktivität bestätigt werden. In diesem Monat wurden an 

den niedersächsischen Standorten starker Wind, nasse Böden sowie an einigen Standorten 

anhaltender Regen in Verbindung mit einer relativen Luftfeuchte von 69,7 % bis 75,9 % sowie 
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signifikanten Unterschiede zwischen den Wintermonaten festgestellt werden. Ein Grund dafür 

könnte möglicherweise die experimentelle Installation sein, denn die zuvor im Freiland mittels 

Flaggmethode in einer Phase hoher Zeckenaktivität gesammelten D. reticulatus-Zecken zeigten 

zum Zeitpunkt des Einsetzens in die Zeckenplots stets die höchste Aktivität, die mit 

zunehmender Dauer des Experiments, also mit zunehmendem Alter der Zecken, unabhängig 

vom Versuchsstart im Frühjahr oder Herbst abnahm. In diesem geschlossenen System kommt 

im Gegensatz zu den Freilanduntersuchungen keine natürliche Fluktuation der 

Zeckenpopulation durch eine erfolgreiche Wirtssuche oder neu aktiv werdende Zecken zum 

Tragen, weshalb die Aktivität der Zecken innerhalb der Plots vor allem durch den Verlust von 

Ressourcen wie Wasser oder Fett limitiert wird. 

Während die Zeckenplots und die Feldstudie auf die Beobachtung erschienener bzw. 

wirtssuchender Zecken abzielten, konnten in der Einsendungsstudie Rückschlüsse auf die 

tatsächliche Infestation von Hunden und Katzen gezogen und zusätzliche Erkenntnisse zur 

saisonalen Aktivität der verschiedenen Zeckenarten generiert werden. Hierbei zeigten die drei 

häufigsten Zeckenspezies unterschiedliche und zum Teil komplementäre Aktivitätsmuster. 

Während die Einsendungen von I. ricinus einen deutlichen Anstieg von April bis zum Erreichen 

eines Peaks im Juni 2020 bzw. Mai 2021 sowie ein darauffolgendes Plateau im September 

zeigten, ergab sich für D. reticulatus eine zweigipflige Kurve mit einer maximalen Anzahl an 

Einsendungen im März 2021 sowie einer geringgradig niedrigeren Anzahl im September 2020. 

In allen drei Wintermonaten wurden I. ricinus, I. hexagonus und D. reticulatus Exemplare von 

Hunden und Katzen abgesammelt und eingesandt. Sowohl Exemplare von I. ricinus als auch 

D. reticulatus wurden im Februar in steigender Anzahl, vergleichbar mit der im November, 

eingesandt, während im Januar die wenigsten Zecken im Rahmen der Einsendungsstudie 

gesammelt wurden. Da die meisten Zecken eine verhältnismäßig lange Zeit unbemerkt auf dem 

Wirt verweilen konnten, wie die sehr lange durchschnittliche Saugdauer zeigte, ist es allerdings 

möglich, dass im Februar entdeckte Exemplare bereits im späten Januar auf das Tier 

übergingen, also bereits im letztgenannten Monat auf Wirtssuche gingen. Für I. hexagonus 

konnte kein Aktivitätsabfall während der Wintermonate festgestellt werden, jedoch wurden 

mehr Exemplare im Dezember als in den anderen Wintermonaten eingesandt. Eine Studie, die 

den Befall von Igeln mit Ektoparasiten untersuchte, konnte bereits eine stetige Infestation der 

Tiere mit I. hexagonus in den Wintermonaten belegen. Ursächlich hierfür ist mit hoher 





Übergreifende Diskussion  123 
 

 

82,7 Stunden, was auf ein hohes Expositionsrisiko beider Tierarten gegenüber verschiedenen 

Pathogenen schließen lässt. Die meisten zeckenassoziierten Pathogene, wie beispielsweise A. 

phagocytophilum oder Borrelia spp., können bereits nach 24-48 Stunden übertragen werden 

(KATAVOLOS et al. 1998, zusammengefasst von COOK 2014, FOURIE et al. 2019), sodass 

eine Übertragung beider Erreger bei einem Großteil der erfassten Infestationen möglich war. 

Auch die Übertragung von B. canis ist nach einer Saugdauer von 48 Stunden möglich, in Fällen 

einer zuvor unterbrochenen Blutmahlzeit männlicher D. reticulatus-Exemplare kann sie sogar 

bereits nach acht Stunden erfolgen (VARLOUD et al. 2018). Die Übertragbarkeit der Formel 

zur Berechnung der Saugdauer von I. ricinus (GRAY et al. 2005) auf D. reticulatus-Exemplare 

ist bislang nicht belegt, sodass keine genauen Angaben zur Saugdauer für diese Zeckenart 

gemacht werden können. Die visuelle Abschätzung der Körperdimensionen mit einer 

Einteilung in nicht, partiell oder vollständig gesogene Exemplare zeigte jedoch, dass beinahe 

60,0 % der entfernten D. reticulatus-Exemplare teilweise bis vollständig gesogen waren, also 

zumindest längere Zeit im Wirtskontakt standen.  

Diese langen durchschnittlichen Saugdauern zeigen das Erfordernis, Infestationen von Hunden 

und Katzen wirksam einzudämmen, indem Besitzerinnen und Besitzer von Hunden und Katzen 

über die Notwendigkeit einer effektiven Zeckenprophylaxe aufgeklärt werden. Während bei 

einem moderaten oder hohen Infestationsrisiko nur die akarizide Prophylaxe mit zugelassenen 

Chemotherapeutika einen ausreichenden Zeckenschutz bietet, kann bei minimalem 

Infestationsrisiko eine adspektorische Untersuchung von Hunden und Katze ausreichend sein 

(ESCCAP DEUTSCHLAND 2022). Zusätzlich können durch detaillierte Angaben über 

häufige Ansatzstellen der relevanten Zeckenarten bei Hunden und Katzen im Rahmen der 

klinischen Allgemeinuntersuchung gezielt Prädilektionsstellen aufgesucht bzw. 

tiermedizinisches Fachpersonal bei der Sensibilisierung und Information von Tierbesitzerinnen 

und Tierbesitzern unterstützt werden. In der vorliegenden Arbeit wurden ausschließlich 

Ansatzstellen von Zecken ausgewertet, welche im Rahmen tierärztlicher Untersuchungen 

entfernt wurden, wodurch bereits durch Tierbesitzerinnen und Tierbesitzer entfernte Exemplare 

unbeachtet blieben. Aufgrund dieser Limitierung kann die Verteilung der Ansatzstellen zu 

Gunsten weniger frequent berührter oder schlechter zugänglicher Körperregionen verzerrt 

worden sein. Andererseits werden dadurch Ansatzstellen von Zecken beleuchtet, die unter 

Umständen aus genannten Gründen häufig übersehen werden. 
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Neben der Zeckenspezies, dem Entwicklungsstadium und der Wirtstierart muss auch ein 

unterschiedlich stark ausgeprägter Besitzerkontakt in Bezug auf die Unterschiede der 

Ansatzstellen bei Hund und Katze berücksichtigt werden. Da Katzen Berührungen 

insbesondere am Kopf tolerieren und Hunde generell in engerem Kontakt mit ihren Besitzern 

stehen, kann dies die Ansatzstellenverteilung beeinflusst haben. 

 

Einfluss verschiedener Risikofaktoren auf die Intensität der Zeckeninfestation und die 

Saugdauer  

Neben Kenntnissen zu den Ansatzstellen von Zecken können Informationen zu Risikofaktoren, 

die mit einer gesteigerten Infestationsintensität und/oder Saugdauer einhergehen, dazu 

beitragen, besonders gefährdete Individuen oder Nutzungsgruppen besser zu schützen. Anhand 

multivariater Modelle, in denen der statistische Zusammenhang unterschiedlicher Faktoren mit 

der Infestationsintensität und Saugdauer getestet wurde, konnten signifikante Unterschiede 

zwischen Hunden und Katzen dargestellt werden. Die Körpergröße von Hunden wurde bereits 

als potentieller Risikofaktor für eine Infestation diskutiert, da große und sehr große Hunde im 

Rahmen einer vorherigen Studie aus Deutschland 9,7 mal häufiger mit Zecken infestiert waren 

als kleine Individuen (BECK et al. 2014). In der vorliegenden Arbeit waren große und sehr 

große Hunderassen signifikant häufiger mehrfach infestiert als kleine Rassen, wohingegen bei 

Katzen, welche im Vergleich zu Hunden eine deutlich geringere Größenvarianz aufweisen, kein 

signifikanter Zusammenhang der Körpergröße mit der Infestationsintensität oder Saugdauer 

festgestellt werden konnte. Auch die Felllänge war in anderen Studien positiv mit der 

Infestationsintensität korreliert (SMITH et al. 2011, BECK et al. 2014, MAURELLI et al. 

2018), was im Rahmen der vorliegenden Arbeit jedoch nur für Katzen, nicht aber Hunde 

bestätigt werden konnte. Da langes Fell die Detektion sowie das Entfernen von Zecken durch 

die Besitzer erschweren kann, ist zudem ein Einfluss auf die Saugdauer wahrscheinlich 

(MAURELLI et al. 2018), ein signifikanter Zusammenhang konnte jedoch weder bei Zecken 

von Hunden noch von Katzen festgestellt werden. Zusätzlich scheint eine dichte Unterwolle die 

Detektion von Zecken bei Hunden tendenziell zu erschweren, worauf ein beinahe signifikanter 

Zusammenhang (p = 0.051) bezüglich der Infestationsintensität hindeutete. Möglicherweise 

hatte bezüglich der Felllänge auch die Katzenrasse einen Einfluss. Der Großteil der infestierten 

Katzen war der Rasse Europäisch Kurzhaar zuzuordnen. Tiere dieser Rasse werden im 
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Vergleich zu langhaarigen Rassen, wie Maine Coons oder Persern, häufiger als in 

unterschiedlichem Maße weniger besitzerorientierte Freigänger gehalten und verbringen 

dadurch mehr Zeit in Zeckenhabitaten. Ein Kontakt zu potentiellen Reservoirwirten wie Igeln 

kann in diesem Rahmen ebenfalls frequenter stattfinden. Möglicherweise haben also ein 

unterschiedlich ausgeprägtes rasseabhängiges Verhalten und die Haltungsform der Katzen, 

welche sich häufig zwischen kurz- und langhaarigen Rassen unterscheiden, einen noch nicht 

evaluierten Einfluss auf die Saugdauer. 

Neben der Körpergröße und Felllänge wurden in einer amerikanischen Studie weiterhin das 

Alter und Geschlecht als potentielle Risikofaktoren einer Zeckeninfestation von Hunden 

beschrieben, wobei junge und männliche Tiere signifikant häufiger infestiert waren 

(RAGHAVAN et al. 2007). Im Gegensatz dazu wurden im Rahmen einer deutschen Studie 

keine Unterschiede zwischen den Geschlechtern beobachtet (BECK et al. 2014). In der 

vorliegenden Arbeit war ein fortgeschrittenes Alter signifikant positiv mit der 

Infestationsintensität bei Katzen, nicht jedoch bei Hunden assoziiert. Zusätzlich waren alte 

Tiere beider Wirtsspezies signifikant häufiger mit Zecken infestiert, die über 48 Stunden 

gesogen hatten, was ein potenziell höheres Risiko einer Pathogenübertragung impliziert. 

Während junge Tiere sich durch Aktivität und Neugierde auszeichnen, sind Fellpflege und 

Besitzerkontakt bei älteren Tieren nicht selten geringer ausgeprägt. Die Zeckenexposition ist 

bei jungen Tieren also vermeintlich höher, wohingegen ältere Tiere möglicherweise länger 

unbemerkt mit Zecken infestiert sind. Weiterhin wird das Risiko einer Zeckeninfestation bei 

Hunden und Katzen aus einem urbanen Lebensraum häufig als geringer beschrieben (OGDEN 

et al. 2000, SMITH et al. 2011, MAURELLI et al. 2018). Da in der vorliegenden Arbeit keine 

nicht-infestierten Tiere einbezogen wurden, kann hierzu keine Aussage getroffen werden. 

Jedoch waren Tiere aus dem ländlichen Regionen signifikant häufiger von 

Mehrfachinfestationen betroffen als solche aus dem urbanen Raum. In einer britischen Studie 

zu Hunden wurde die Frequenz der Spaziergänge in potenziellen Zeckenhabitaten, also die 

Frequenz einer generellen Zeckenexposition, als größerer Einflussfaktor auf das 

Infestationsrisiko als der Charakter der Zeckenhabitate, also der jeweiligen Expositionshöhe, 

beschrieben (JENNETT et al. 2013). Dies kann als Erklärungsansatz für die signifikant 

häufigeren Mehrfachinfestationen von Hunden und Katzen aus ländlichen Gegenden im 

Vergleich zu Tieren aus dem urbanen Raum dienen: Hunde haben in städtischen Gebieten durch 
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weitgehende Bodenversiegelung insgesamt weniger frequent und oft auch weniger lang 

Kontakt zu Zeckenhabitaten, und sind in diesem darüber hinaus durch häufige Leinenführung 

eingeschränkt. Ebenso ist bei Katzen im urbanen Raum das Outdoorverhalten durch einen 

häufiger restriktiv gehaltenen Freigang sowie das geringere Vorkommen von Zeckenhabitaten 

eingeschränkt, wodurch auch sie insgesamt weniger frequenter in Kontakt mit Zeckenhabitaten 

stehen.  

Bezüglich der Häufigkeit der Exposition wurde in weiteren Studien die Nutzungsrichtung 

bestimmter Rassen als Risikofaktor untersucht. Vor allem Jagd- und Hütehunde waren häufiger 

infestiert als Begleithunderassen (RAGHAVAN et al. 2007, SMITH et al. 2011). Während in 

der vorliegenden Arbeit kein signifikant höheres Risiko bei Jagd- oder Hütehundrassen in 

Bezug auf die Infestationsintensität oder Saugdauer festgestellt werden konnte, wiesen Zecken 

von Arbeits- und Gebrauchshunden eine signifikant längere Saugdauer als Zecken von 

Begleithunden auf, möglicherweise aufgrund eines weniger intensiven Besitzerkontakts sowie 

einer häufigeren Unterbringung in Zwingern oder anderen Außenbereichen. Zu beachten ist 

jedoch, dass nur ein Bruchteil der Rassehunde auch entsprechend ihrer vorgesehenen Nutzung 

eingesetzt wurde, sodass das tatsächliche Infestationsrisiko unter Umständen überschätzt wird. 

Als weiterer Risikofaktor hinsichtlich einer Mehrfachinfestation wurden abgeknickt hängende 

Ohren identifiziert, wohingegen kein signifikanter Einfluss von am Kopf anliegenden 

Schlappohren gezeigt werden konnte, was möglicherweise durch ein höheres Bewusstsein der 

Besitzer hinsichtlich der Ohren als Prädilektionsstelle oder die Pflegeintensität zur Prävention 

von Ohrenentzündungen betroffener Rassen begründet sein kann. 

 

Prävalenz von A. phagocytophilum und Borrelia spp. bei weiblichen I. ricinus Exemplaren 

von Hunden und Katzen 

Die Intensität und Dauer der Infestation mit verschiedenen Zeckenarten beeinflusst das 

Expositionsrisiko gegenüber zeckenübertragenen Pathogenen wie A. phagocytophilum und 

Borrelia spp. maßgeblich. Eine steigende Anzahl an Fallberichten feliner Anaplasmose zeigt, 

dass das Risiko einer Infektion mit zeckenassoziierten Krankheitserregern vor allem bei Katzen 

in den letzten Jahren möglicherweise unterschätzt wurde und neu evaluiert werden muss 

(SCHÄFER et al. 2022, KRUPPENBACHER et al. 2023). Aus diesem Grund wurden je 1.500 
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adulte weibliche I. ricinus-Exemplare von Hunden sowie Katzen auf A. phagocytophilum und 

Borrelia spp. untersucht. 

In Studien aus Deutschland lag die A. phagocytophilum-Prävalenz wirtssuchender weiblicher 

I. ricinus-Exemplare zwischen 1,0 % (HARTELT et al. 2004) und 11,6 % (SCHORN et al. 

2011), während in Dänemark eine vergleichsweise hohe Prävalenz von 40,5 % festgestellt 

wurde (SKARPHÉDINSSON et al. 2007). Hinsichtlich von Hunden und Katzen 

abgesammelter Zecken variierten die Ergebnisse aus verschiedenen europäischen Ländern 

ebenfalls stark mit einer Prävalenz von 22,3 % bei weiblichen I. ricinus-Exemplaren aus Polen 

(KRÓL et al. 2016), jedoch nur 0,1 % beziehungsweise 3,5 % bei Exemplaren aus 

Großbritannien und Finnland (DUPLAN et al. 2018, ZAKHAM et al. 2023). Im Vergleich zu 

den genannten Studien war die Prävalenz bei den 1.500 untersuchten weiblichen I. ricinus-

Zecken von Hunden in der vorliegenden Arbeit recht hoch. So war jede fünfte Zecke A. 

phagocytophilum-positiv, bei den Zecken von Katzen war es sogar fast jede dritte Zecke. Eine 

mögliche Ursache dieser hohen A. phagocytophilum-Prävalenz könnte die positive Assoziation 

mit dem Borrelia-Infektionsstatus sein, welche bei Zecken von Hunden statistisch signifikant 

war. Bei Zeckenlarven, die an entsprechend koinfizierten Mäusen gefüttert wurden, zeigte sich 

nach der Blutmahlzeit eine höhere Infektionsintensität mit beiden Pathogenen im Vergleich zu 

Larven, die an monoinfizierten Mäusen gesogen hatten (THOMAS et al. 2001). Des Weiteren 

wurden regelmäßig mit beiden Pathogenen koinfizierte I. ricinus-Exemplare von Europäischen 

Braunbrustigeln abgesammelt (JAHFARI et al. 2017). 

Bezüglich Borrelia spp. wurde in Deutschland und benachbarten Ländern eine Prävalenz von 

circa 35 % bei weiblichen wirtssuchenden I. ricinus erhoben (BAUMGARTEN et al. 1999, 

MAY et al. 2015, BLAZEJAK et al. 2018, HAUCK et al. 2019, MICHALSKI et al. 2020, 

KNOLL et al. 2021), während Prävalenzen von 1 % bei gesogenen adulten Zecken von Hunden 

(GEURDEN et al. 2018) und 10,5 % (ZAKHAM et al. 2023) bis 44 % bei gesogenen 

weiblichen Exemplaren von Wild- und Haustieren berichtet wurden (LEVYTSKA et al. 2021). 

Während die in der vorliegenden Arbeit bei Zecken von Hunden erhobene Borrelia-Prävalenz 

von 28,5 % mit den Literaturangaben bezüglich wirtssuchender Zecken vergleichbar ist, war 

die Prävalenz von über 50 % bei Zecken von Katzen signifikant höher.  

Wie die Angaben zur Pathogenprävalenz bei untersuchten Zecken von Hunden variieren auch 

die Literaturangaben bezüglich der Seroprävalenz von anti-A. phagocytophilum- und anti-
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Borrelia spp.-Antikörpern deutlich innerhalb Europas mit Werten zwischen 1,1 % und 56,5 % 

für A. phagocytophilum (zusammengefasst von EL HAMIANI KHATAT et al. 2021) 

beziehungsweise 1,1 % und 17,7 % für Borrelia spp. (zusammengefasst von SPRINGER et al. 

2020). Diese hohe Varianz verdeutlicht die eingeschränkte Übertragbarkeit regionaler Studien 

und unterstreicht die Wichtigkeit nationaler Untersuchungen. In der vorliegenden Arbeit 

wurden beide Pathogene allerdings mehr oder weniger gleichmäßig im gesamten Bundesgebiet 

detektiert. 

Um einen potentiellen Einfluss des Saugzustands der Zecke, das heißt der Blutmahlzeit 

beziehungsweise der aufgenommenen Blutmenge und dabei stattfindender biochemischer 

Prozesse auf die Detektionsrate beider Pathogene auszuschließen, wurde ein Spiking-

Experiment zur Identifikation einer potentiellen Inhibition der qPCR durch Blut oder andere 

Körperflüssigkeiten durchgeführt, obwohl ein speziell für Blut konzipiertes DNA-Isolationskit 

ausgewählt wurde. Während kein Einfluss des Saugzustands festgestellt werden konnte, wurde 

jedoch deutlich, dass eine Inhibition der qPCR bei Nutzung von 10 µl und 5 µl, nicht aber 2 µl 

Template zu falsch negativen Ergebnissen führte. Hierbei blieben die nachgewiesenen 

Kopienzahlen aber weitestgehend unbeeinflusst, die Inhibition schien sich also nicht auf die 

Quantifizierung der qPCR auszuwirken, sondern eine Detektion ähnlich einer Ja/Nein-Antwort 

gänzlich zu unterdrücken. Hierbei zeigte sich die Borrelia-qPCR anfälliger für eine Inhibition 

als der Reaktionsansatz für A. phagocytophilum. Eine unterschiedlich ausgeprägte Inhibition 

verschiedener qPCR-Assays wurde auch in anderen Studien bereits beschrieben (SIDSTEDT 

et al. 2020). Anders als bei den untersuchten Zecken von Hunden und Katzen, die sich nach 

dem Stich noch ungesogen in der sogenannten Vorbereitungsphase befanden, hatte die 

Template-Menge bei wirtssuchenden Zecken keinen Einfluss auf die Detektionsrate, was die 

Vermutung nahelegt, dass mit dem Stich, aber unabhängig von der Blutaufnahme, eine 

Aktivierung oder Aufnahme des inhibierenden Faktors stattfindet. Als Konsequenz wurde die 

molekularbiologische Untersuchung aller mit 10 µl Eluat zunächst negativ getesteten Zecken 

mit 2 µl Eluat wiederholt. Dadurch ergab sich für beide Pathogene eine deutlich höhere 

Prävalenz, was das Verteilungsmuster infizierter Zecken über die vier verschiedenen 

Saugklassen jedoch nicht beeinflusste. Weitere Untersuchungen zur möglichen biologischen 

Funktion des Inhibitors, beispielsweise einer Immunmodulation an der Stichstelle, könnten 

helfen, diesen Mechanismus besser zu verstehen. Zudem sollte in zukünftigen Studien zu 
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(31,6-58,0 %), in denen nüchterne Zecken (MAY et al. 2015, BLAZEJAK et al. 2018, KNOLL 

et al. 2021) sowie von Wirten abgesammelte Exemplare (MICHALSKI et al. 2020) untersucht 

wurden. 

Um eine potentielle Reservoirfunktion von Hunden und Katzen sowie den möglichen Einfluss 

des Co-Feedings, d.h. einer zeitgleichen Blutmahlzeit einer infizierten und einer nicht-

infizierten Zecke in unmittelbarer Nähe auf einem Wirt (RANDOLPH 1998, VOORDOUW 

2015), auf die erhobene Prävalenz näher zu untersuchen, wurden Zecken aus Einfach- und 

Mehrfachinfestationen sowie aus den unterschiedlichen Saugklassen verglichen. Hierbei wurde 

deutlich, dass bei Katzen eine Mehrfachinfestation die Wahrscheinlichkeit eines 

Pathogennachweises signifikant erhöhte, während bei Hunden kein Einfluss der 

Infestationsintensität auf den Infektionsstatus der untersuchten Zecken festgestellt werden 

konnte. Diesbezüglich konnten bei Katzen vor allem zu Zeiten hoher Zeckenaktivität frequent 

Mehrfachinfestationen beobachtet werden, während bei Hunden ganzjährig in erster Linie 

Einfachinfestationen festgestellt wurden. Im Rahmen dieser vergleichsweise geringen Anzahl 

an Mehrfachinfestationen bei Hunden war zudem meist nur eins der Exemplare 

pathogenpositiv, während nur ein Viertel der untersuchten Tiere mit zwei oder drei infizierten 

Zecken infestiert war. Hingegen trug mehr als ein Drittel der Katzen, von denen mehr als eine 

entfernte Zecke untersucht wurde, mehr als ein infiziertes Exemplar. Dies änderte sich 

allerdings auch nicht bei Exklusion ungesogener Exemplare, welche keine oder nur eine 

minimale Chance hatten, sich an der Katze selbst zu infizieren, was gegen eine 

Reservoirfunktion der Katze, jedoch für eine höhere Pathogenprävalenz im Umfeld von Katzen 

im Vergleich zu Hunden spricht. Eine Beeinflussung der Ergebnisse durch Co-Feeding ließ sich 

auch anhand der Ansatzstellen der ausgewählten Zecken weitestgehend ausschließen. So 

wurden bei 55,9 % der Infestationen mit zwei oder mehr Borrelia- oder A. phagocytophilum-

positiven Zecken die Exemplare von verschiedenen Körperbereichen entfernt. Selbst eine 

gleichzeitige Blutmahlzeit an einer bestimmten Körperregion lässt nicht unbedingt auf Co-

Feeding schließen, da die Zecken hierfür unmittelbar nebeneinander stechen müssen. 

Weiterhin wurde bei der Untersuchung der Zecken von Hunden und Katzen eine sinkende 

Pathogenprävalenz mit steigender Saugdauer beobachtet, mit Ausnahme von A. 

phagocytophilum bei Zecken von Katzen. Der Einfluss der Saugdauer auf die Prävalenz beider 

Pathogene wird kontrovers diskutiert. Einer der wahrscheinlichsten Gründe für eine steigende 
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Borrelia-Prävalenz mit zunehmender Saugdauer ist eine durch die Blutmahlzeit induzierte 

Vermehrung der Borrelien (KASUMBA et al. 2016). In einer Studie von MICHALSKI et al. 

(2020) konnte eine höhere Prävalenz von A. phagocytophilum und Borrelia spp. bei gesogenen 

weiblichen I. ricinus im Vergleich zu nicht gesogenen Exemplaren nachgewiesen werden. 

Allerdings war der Probenumfang mit 21 bzw. 11 nüchternen Zecken, die auf Borrelia spp. 

bzw. A. phagocytophilum untersucht wurden, um ein Vielfaches kleiner als der Probenumfang 

gesogener Exemplare (436 bzw. 402 Zecken). Im Gegensatz dazu wurde in einer Studie aus 

den Niederlanden eine abnehmende Borrelia-Prävalenz von nüchternen (11,8 %; 10/85) zu 

teilweise gesogenen I. ricinus-Exemplaren (1,9 %; 1/53) von Hunden beschrieben (HOVIUS et 

al. 1998). Weitere Studien berichteten ebenfalls über eine abnehmende Prävalenz mit 

zunehmender Saugdauer und entsprechen damit den Resultaten der vorliegenden Arbeit 

(BAUMGARTEN et al. 1999, DAVIES et al. 2017). Als Gründe für diese sinkende Prävalenz 

lassen sich eine frühe Übertragung der Borrelien von der Zecke auf den Wirt sowie eine 

Eliminierung der Erreger während der Wanderung aus dem Mitteldarm in die Speicheldrüsen 

heranziehen (GERN et al. 1996, HOVIUS et al. 1998). Weiterhin kommen ein 

Verdünnungseffekt durch die aufgenommene Blutmahlzeit oder eine Komplement-mediierte 

Clearance der Borrelien, wie bei Wiederkäuern beschrieben, in Frage (RICHTER und 

MATUSCHKA 2010). Eine Komplement-mediierte Clearance ist bei Hunden und Katzen 

allerdings als unwahrscheinlich anzusehen, da die meisten Genospezies des B. burgdorferi s.l.-

Komplexes gegen die Komponenten des Serum-Komplementsystems beider Tierarten resistent 

sind. Ausgenommen hiervon sind B. garinii und B. lusitaniae, welche eine intermediäre 

Empfindlichkeit gegen das Serum von Hunden und, im Falle von B. garinii, von Katzen zeigen 

(zusammengefasst von LIN et al. 2020). Darüber hinaus gibt es unterschiedlich sensitive 

Borrelia-Stämme. Für einen deutschen B. garinii-Stamm (Pbi), welcher auch im Rahmen dieser 

Arbeit zur Borrelia-Speziesdifferenzierung mittels RLB herangezogen wurde, konnte im 

Gegensatz zu dem amerikanischen Stamm eine hohe Resistenz gegen Komponenten des Serum-

Komplementsystems des Hundes gezeigt werden (BHIDE et al. 2005). Weitere 

Untersuchungen im Rahmen humaner Infestationen zeigten, dass die Bakterienbürde von B. 

garinii und B. afzelii bei weiblichen I. ricinus-Exemplaren mit zunehmender Saugdauer 

signifikant abnahm. Dabei wurde ein deutlich stärkerer Abfall der Anzahl an B. afzelii-
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Spirochäten im Vergleich zu B. garinii beobachtet (WILHELMSSON et al. 2013), obwohl B. 

garinii als sensitiver gegenüber dem humanen Serumkomplementsystem gilt (LIN et al. 2020). 

In der vorliegenden Arbeit wurde ein signifikanter Abfall der Borrelia-Kopienzahlen 

ausschließlich zwischen nüchternen und teilweise gesogenen Zecken von Hunden aus Phase 1 

der Blutmahlzeit (24-72 Stunden) festgestellt. Diese signifikante Abnahme markiert somit 

höchstwahrscheinlich den hauptsächlichen Zeitraum einer Borrelia-Übertragung auf den Hund, 

ähnlich wie bereits durch POSPISILOVA et al. (2019) im Rahmen einer experimentellen 

Infestation von Mäusen beschrieben. WILHELMSSON et al. (2013) interpretierten die 

Abnahme der Borrelienanzahl zu diesem Zeitpunkt ebenfalls mit einer erfolgreichen 

Übertragung von B. afzelii und B. garinii auf den Wirt, in diesem Fall auf den Menschen. Auch 

hinsichtlich der Prävalenz von Borrelia spp. wurde der größte Unterschied zwischen 

nüchternen und 24-72 Stunden gesogenen Zecken von Hunden beobachtet, was ebenfalls auf 

eine stattgefundene Pathogenübertragung hindeutet.  

Auch bei Zecken von Katzen nahm die Detektionshäufigkeit Borrelia-infizierter Zecken mit 

zunehmender Saugdauer signifikant ab, jedoch weniger ausgeprägt als bei den untersuchten 

Exemplaren von Hunden. Die fehlende Abnahme der Kopienzahlen bei Zecken von Katzen 

deutet möglicherweise auf eine ineffektivere Übertragung von Borrelien auf die Katze hin, 

jedoch kann keine ausbleibende Übertragung geschlussfolgert werden. Die potentiell 

ineffektivere Übertragung könnte ein Grund für die regelmäßig fehlende klinische 

Symptomatik bei Katzen sein. 

Ein Vergleich der Prävalenzen zwischen den verschiedenen Saugklassen wurde hinsichtlich A. 

phagocytophilum nur von MICHALSKI et al. (2020) durchgeführt, während andere Studien 

sich meist auf Zecken von Wildwiederkäuern beziehen und aufgrund deren Reservoirfunktion 

einen deutlichen Anstieg der Prävalenz mit zunehmender Saugdauer durch eine Akkumulation 

der aufgenommenen Anaplasmen in der Zecke beschreiben (OVERZIER et al. 2013, 

zusammengefasst von STUEN et al. 2013). Für A. phagocyophilum konnte in der vorliegenden 

Arbeit bei Zecken von Hunden eine signifikante Abnahme der Prävalenz zwischen teilweise 

gesogenen Exemplaren in Phase 1 (24-72 Stunden) und Phase 2 (72-144 Stunden) festgestellt 

werden. Auch hier markiert die signifikante Abnahme nach 72 Stunden das Zeitfenster, 

nachdem der Großteil der Anaplasmen auf den Hund übertragen worden sein könnte. Der 

Beginn der Übertragung wird meist mit 36 Stunden nach Beginn der Blutmahlzeit angegeben 
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(KATAVOLOS et al. 1998), auch wenn eine Übertragung bereits nach sechs Stunden möglich 

ist, jedoch nur selten in einer manifesten Infektion mit Serokonversion resultiert (FOURIE et 

al. 2019). Eine signifikante Abnahme der Anaplasma-Kopienzahlen konnte weder bei den 

untersuchten Zecken von Hunden noch von Katzen festgestellt werden, während ein leichter 

Anstieg der Kopienzahlen bei Zecken von Hunden zumindest eine Replikation der Anaplasmen 

vermuten lässt. Da bei Zecken von Katzen keinerlei Einfluss der Saugdauer auf die A. 

phagocytophilum-Prävalenz beobachtet werden konnte, scheinen wirtsspezifische Faktoren 

eine mögliche Übertragung zusätzlich zu beeinflussen, wobei Hunde grundsätzlich als 

geeignetere Wirte gelten (zusammengefasst von STUEN et al. 2013). Um die Ursache für die 

abnehmende Pathogenprävalenz bei Zecken von Hunden sowie die beobachteten Unterschiede 

zu Zecken von Katzen weiter aufzuklären, sind zukünftige Untersuchungen wünschenswert. 

 

Fazit der Arbeit 

Im Rahmen der tierärztlich gestützten Einsendungsstudie sowie mittels Zeckenplots und 

Freilanduntersuchungen konnten während der gesamten Studiendauer I. ricinus-, D. 

reticulatus- und I. hexagonus-Exemplare angetroffen werden, was bedeutet, dass Zecken auch 

im Winter nicht nur aktiv auf Wirtssuche gehen, sondern erfolgreich Hunde und Katzen 

infestieren. Die komplementären Aktivitätsmuster der untersuchten Zeckenarten führen zu 

einem relevanten ganzjährigen Infestationsrisiko. Weiterhin untermauern die langen 

durchschnittlichen Saugdauern in Verbindung mit den hohen Prävalenzen Borrelia- und A. 

phagocytophilum-infizierter Zecken von Hund und Katze die Notwendigkeit einer wirksamen 

und lückenlosen ganzjährigen Zeckenprophylaxe bei Hunden und Katzen mit Kontakt zu 

Zeckenhabitaten. Die sinkende Prävalenz pathogeninfizierter Zecken von Hunden und Katzen 

mit zunehmender Saugdauer verdeutlicht ein potenzielles Übertragungsrisiko, dem durch eine 

adäquate Zeckenprophylaxe entgegengewirkt werden kann. In diesem Kontext können 

Informationen zu spezifischen Risikofaktoren sowie Ansatzstellen verschiedener Zeckenarten 

helfen, die Infestationsdauer zu verkürzen, wenn Hunde oder Katzen aufgrund eines minimalen 

Risikos einer Zeckeninfestation nicht prophylaktisch durch arzneimittelrechtlich zugelassene 

akarizide Präparate geschützt werden oder die Besitzer trotz eines höheren Infestationsrisikos 

den Einsatz solcher Präparate ablehnen. 
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5 Zusammenfassung 
Julia Probst (2024) 

Jahreszeitliche Dynamik der Zeckenaktivität sowie Exposition von Hunden und Katzen 

gegenüber Zecken und zeckenübertragenen Pathogenen 

 

Der Klimawandel sowie weitere anthropogene Einflussfaktoren haben in den letzten 

Jahrzehnten zu einer Veränderung der Verbreitung und saisonalen Aktivität verschiedener 

Zeckenarten geführt. Da Zecken Vektoren für eine Vielzahl human- und veterinärmedizinisch 

relevanter Pathogene darstellen, sind Untersuchungen zur Zeckenabundanz und -aktivität sowie 

der Prävalenz zeckenübertragener Pathogene erforderlich, um entsprechende Risiken besser 

einschätzen und Hunde und Katzen optimal schützen zu können.  

Das Spektrum der für Hunde und Katzen relevanten Zeckenarten sowie die saisonale 

Zeckenabundanz und -aktivität wurden von März 2020 bis Oktober 2021 im Rahmen einer in 

Deutschland und Österreich durchgeführten tierärztlich gestützten Einsendungsstudie sowie 

von April 2020 bis April 2022 in Freilandstudien mittels Flaggmethode untersucht. Zusätzlich 

wurde ebenfalls im selben Zeitraum die Zeckenaktivität in sogenannten Zeckenplots unter 

quasi-natürlichen Verhältnissen im Jahresverlauf quantifiziert.  

Im Rahmen der Einsendungsstudie wurden 19.514 Zecken ausgewertet. Davon stammten 

10.287 Zecken von 6.335 Hunden, die zu 78,7 % als Ixodes ricinus, 18,1 % als Dermacentor 

reticulatus und 1,6 % als Ixodes hexagonus identifiziert wurden. Von den 8.005 Zecken von 

4.248 Katzen wurden 91,7 % als I. ricinus, 5,0 % als I. hexagonus und 0,7 % als D. reticulatus 

bestimmt. In allen drei Studienansätzen konnte eine ganzjährige Aktivität von I. ricinus und D. 

reticulatus nachgewiesen werden. Zusätzlich wurden I. hexagonus-Exemplare ganzjährig an 

Hunden und Katzen gefunden. Die Hauptaktivitätszeit von I. ricinus lag im Mai/Juni, während 

D. reticulatus zwei Aktivitätspeaks im Februar/März und Oktober/November aufwies. In den 

Wintermonaten wurden im Freiland durchschnittlich zwei I. ricinus- beziehungsweise 23 D. 

reticulatus-Exemplare auf 100 m² gefangen und in den Zeckenplots 1,1 % der eingesetzten I. 

ricinus- beziehungsweise 14,7-20,0 % der D. reticulatus-Exemplare beobachtet. Die 

Vermessung der Körperdimensionen der eingesendeten weiblichen I. ricinus-Exemplare ergab 

eine sehr lange durchschnittliche Saugdauer von 78,8 Stunden an Hunden und 82,7 Stunden an 

Katzen.  
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Die Ansatzstellen der Zecken aus der Einsendungsstudie unterschieden sich zwischen Hunden 

und Katzen, den Zeckenarten und Entwicklungsstadien. Ixodes ricinus-Exemplare wurden bei 

Hunden vorwiegend am Kopf (28,6 %) und bei Katzen am Hals (45,4 %) gefunden. Bei 

experimentell infestierten Katzen waren insbesondere die Ohren (37,3 %) befallen. 

Dermacentor reticulatus wurde vor allem am Rumpf (37,7 %) von Hunden und I. hexagonus/I. 

canisuga am Kopf (40,3 %) von Katzen angetroffen. Felllänge, Unterwolle, Alter, Geschlecht, 

Körpergröße sowie Nutzungsrichtung und Lebensraum wurden als Risikofaktoren einer 

höheren Infestationsintensität und Saugdauer mit unterschiedlicher Relevanz bei Hunden und 

Katzen identifiziert.  

Von den Zecken der Einsendungsstudie wurden je 1.500 weibliche I. ricinus-Exemplare von 

Hunden und Katzen mittels quantitativer real-time PCR auf A. phagocytophilum und Borrelia 

spp. untersucht. Die Borrelia-Speziesdifferenzierung erfolgte mittels Reverse Line Blot. Bei 

Zecken von Hunden lag die A. phagocytophilum-Prävalenz bei 19,0 %, bei Zecken von Katzen 

war sie mit 30,9 % signifikant höher. Ebenso unterschieden sich die Borrelia-Prävalenzen mit 

28,5 % beziehungsweise 55,1 % signifikant. Die am häufigsten detektierte Borrelia-Spezies 

war B. afzelii, gefolgt von B. miyamotoi und B. valaisiana bei Zecken von Hunden und B. 

spielmanii und B. miyamotoi bei Zecken von Katzen. Mehrfachinfestation waren bei Zecken 

von Katzen signifikant mit einer höheren Prävalenz beider Pathogene assoziiert, während eine 

Koinfektion mit A. phagocytophilum die Prävalenz von Borrelia spp. bei Zecken von Hunden 

signifikant positiv beeinflusste. Die Borrelia-Prävalenz nahm bei Zecken beider Wirtstierarten 

und die A. phagocytophilum-Prävalenz bei Zecken von Hunden mit zunehmender Saugdauer 

signifikant ab, was auf eine Pathogenübertragung hindeutet. Hinsichtlich der Kopienzahl wurde 

nur für Borrelia spp. bei Zecken von Hunden ein signifikant negativer Einfluss der Saugdauer 

ermittelt.  

Eine ganzjährige lückenlose Zeckenprophylaxe mit zugelassenen Akariziden ist aufgrund der 

ermittelten Winteraktivität, der langen durchschnittlichen Saugdauer und der hohen Prävalenz 

von A. phagocytophilum und Borrelia spp. bei den untersuchten I. ricinus-Exemplaren von 

Hunden und Katzen dringend anzuraten. Neben dem Schutz der individuellen Tiergesundheit 

trägt dies auch dazu bei, die weitere Verbreitung von zeckenübertragenen Pathogenen wie 

Babesia canis einzudämmen und Menschen und Tiere im Sinne eines One-Health-Ansatzes 

gegen Zecken und vor diesen übertragenen Pathogene zu schützen.
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6 Summary 
Julia Probst (2024) 

Seasonal dynamics of tick activity and exposure of dogs and cats to ticks and tick-borne 

pathogens 

 

Changing climate and other anthropogenic factors have led to changes in the distribution and 

seasonal activity of different tick species over the last decades. Due to their vector function for 

several pathogens of veterinary and zoonotic relevance, studies on tick abundance, activity and 

pathogen prevalence are needed to assess the associated risks and to sufficiently protect dogs 

and cats. 

The distribution of relevant tick species on dogs and cats as well as tick abundance and activity 

were investigated from March 2020 to October 2021 as part of a veterinary submission study 

conducted in Germany and Austria as well as by the flagging method in field studies from April 

2020 to April 2022. During the same period, tick activity was additionally quantified in tick 

plots under quasi-natural conditions.  

Of the 19,514 ticks collected within the tick submission study, 10,287 ticks originated from 

6.335 dogs, of which 78.7% were morphologically identified as Ixodes ricinus, 18.1% as 

Dermacentor reticulatus and 1.6% as Ixodes hexagonus. Of the 8.005 ticks from 4.248 cats, 

91.7% were determined as I. ricinus, 5.0% as I. hexagonus, but only 0.7% as D. reticulatus. All 

three approaches demonstrated a year-round activity of I. ricinus and Dermacentor reticulatus. 

Further, I. hexagonus specimens were found year-round on dogs and cats without clear activity 

peaks. Over the winter months, on average two I. ricinus respectively 23 D. reticulatus 

specimens were collected per 100 m² in the field studies, while in the tick plots 1.1 % of the 

inserted I. ricinus and 14.7% to 20.0% of the D. reticulatus ticks were observed. The main 

activity period of I. ricinus was in May/June, while D. reticulatus showed two activity peaks in 

February/March and October/November. Further, the measurement of the body dimensions of 

female I. ricinus specimens revealed a long average attachment duration of 78.8 hours on dogs 

and 82.7 hours on cats. 

Furthermore, different tick attachment sites were observed between the host and tick species 

and tick developmental stages. Ixodes ricinus was primarily found on the head (28.6%) of dogs 

and the neck (45.4%) of cats, while in experimentally infested cats, the ears (37.3%) were 
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