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1 Introduction

The red fox Yulpes vulpes) has a huge population size and it is the mosespdead wild
carnivore species in Europe. In urban areas, tladadility of food and resting places,
human tolerance and the absence of predators angetibors, make the red fox a very
successful synanthropic species (Otranto et allL5R0The vaccination campaign against
rabies and measures to protect wild fauna alsaiboited for the increasing fox population
in Europe (Chautan et al., 2000).

Red foxes have been recognized as potential rasefoseveral parasites and pathogens
transmitted by arthropod vectors and a sourcefetiion for all susceptible species sharing
the same habitats, including dogs and humans (Deshé, 2015). Reasons for that includes
their proximity to urban areas, their susceptipilib relevant pathogens, their frequent
exposure to arthropod vectors, like ticks, or theinting preference for small mammals
leading to ingestion of intermediate hosts (Dus@heal., 2015). Hunting practices as well
as human encroachment in wildlife habitats (devalept of rural tourism facilities, craze
for outdoor activities) may facilitate encountetvoeen red foxes and domestic canids and
therefore the flow of parasites.

Vector-borne diseases are caused by parasitegriaact viruses transmitted by the bite of
hematophagous arthropods, mainly ticks and mosegiitbhe frequency of some vector-
borne diseases of pets, like canine babesiosiscligasing over the past few years, It has
been shown that dogs can be infected by seRabésia species in Europe, the most
significant being the large piropladBabesia canis (Solano-Gallego et al., 2016). Another
large babesia speciddgbesia vogeli and small piroplasms likeabesia gibsoni andBabesia
microti-like also occur on the continent.

Some formerly unknown small babesiae were firstdlesd in a German dog returned back
from Spain, showing clinical babesiosis characegfiay lethargy, fever and anaemia (Zahler
et al.,, 2000). These protozoa were closely relatgd Babesia microti of rodents by
phylogenetic analysis, but did not segregate watagites belonging to thgabesia sensu
stricto group. Zahler et al. (2000) proposed at this tiheenameThelleria annae. Due to
disagreement on its placement in Tieileria or Babesia genera, several names have been

used for these parasites, includiBgbesia ‘Spanish dog isolate’Babesia microti-like,

1



Babesia (Theileria) annae andBabesia cf. microti. However, no types were fixed for either
of them, therefore these names must be considgeraitha nuda and thus unavailable names.

Infection of red foxes\ulpes vulpes) by B. microti-like piroplasms was first recorded in
Spain in 2003 (Criado-Fornelio et al., 2003). Sitan, other studies have shown increasing
prevalence ofB. microti-like infections of red foxes in almost all Europeeountries,
suggesting that red foxes are the natural reseradithis pathogen (Baneth et al., 2015).
Baneth et al. (2019) officially established andalié®d a species named Babesia vul pes

n. sp. among thBabesia microti-like spp., examining blood samples of dogs andogds

from Portugal and Israel.

In Hungary, 404 blood samples collected from rec$oin 2011 were screened by PCR for
Babesia parasites in order to compare their partial 188ARequences to those parasites of
domestic dogs and wild canids from other countfiemkas et al., 2015). Altogether 81
(20%) samples out of 404 were infected with pirepia. Among those positive samples, 30
were sequenced and compared with sequences aeditaBlenBank, and 14 of them were

100% identical td. microti-like piroplasms isolated from foxes from Croatia olyita

The aim of the present study was to screen moredidamples also collected in 2011 and
to compare their partial 18S rRNA sequences toetlpasasites of domestic dogs and wild
canids from other countries, especially with segesnofBabesia vulpes n. sp. recently
described by Baneth et al. (2019).



2 Literaturereviews

2.1 General characteristics of Babesia species of domestic and wild canids

Babesiosis is a tick-transmitted disease causeidtaerythrocytic parasites of the genus
Babesia, belonging to the family Babesiidae, order Pirgplada. Traditionally, tw@®abesia
spp. has been identified according to the sizheif tnerozoites in the erythrocyt&abesia
canis as largeBabesia (2.5-5 pum) andBabesia gibsoni as smallBabesia (0.5-2.5 um)
(Beugnet, 2013)B. canis is a piriform- or teardrop-shaped organism andethg usually

more than one merozoite in a single erythrocBtagibsoni is a pleomorphic organism and

Is usually observed as a single form (Figure 1).
-
C o0 ©
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Figurel: Larged-sized B. canis (left) and small-sized B. gibsoni (right) in Giemsa-
stained canine blood smears. Scale-bar: 10 pm (Solano-Gallego et al., 2016)

Blood feeding female ticks ingest infected erytlytes containing merozoites which are
disintegrated in the tick’s intestine (Figure 2)h¥veas the merozoites are digested, ovoid
gamonts resisting digestion form processes to reiffiiate into anisogametes (ray-bodies),
which fuse to form a zygote. Zygotes enter integtaells, multiply and form sporokinetes
which pass into the haemolymph and infect subsdtyjueaemocytes and cells of various
organs in which further multiplication occur. Fallmg the infection of the ovarieBabesia
stages may be transmitted in the egg (transouvaaasmission) to the next tick generation
(vertical transmission). After hatching of a tiglorih an infected egg, sporokinetes infect
salivary gland cells in which the infective staggorozoites develop (Deplazes et al., 2016).
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Sporozoites are inoculated through the bite ofickdidks and infect erythrocytes of the host,
where they develop to amoeboid trophozoites thatiphyu asexually by binary fission,
forming mostly two drop-shaped merozoites. The kee#is are destroyed by babesiae and
the merozoites infect other erythrocytes.

Babesia spp. are transmitted transstadially (from one estafjthe ticks to the next) and
depending on the species they can be also traeshtittnsovarially (through tick’s eggs).
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Figure 2: Developmental cycle of Babesia vogeli (Deplazes et al., 2016)



2.2 Babesainfection of domestic dogsin Europe

The largeBabesia sp. previously considered to Becanis currently include$. canis canis
(B. canis), B. canisvogeli (B. vogeli) and B. canisrossi (B. rossi) now considered to be three
distinct species. Only the first two species haserbdetected in Europe.

There are two genetically and clinically distinpesies of ‘smallBabesia known to cause
infection in dogs in Europdabesia gibsoni andBabesia microti-like species.

These species and their vectors are summarizé ihable 1 below.

Table 1. Babesia species detected in dogsin Europe and their vectors
(Beugnet et al., 2013)

Species Vector

Babesia canis Dermacentor reticulatus
Rhi pi cephal us sanguineus?

I xodes ricinus?

Babesia vogeli Rhi picephal us sanguineus

Ixodes ricinus?

Babesia gibsoni Rhi pi cephal us sanguineus
Haemaphysalis longicornis
Haemaphysalis bispinosa

Dermatocentor variabilis

Babesia microti-like/ Babesia cf. Microti  Ixodes hexagonus?
/ Theileria annae/ B. vulpes Ixodes canisuga?

The frequency of arthropod-borne diseases is isorgain Europe. Climate change
(especially the reduction of the winter period ailag ticks to be active all year round over
an increasing area for example) and movements adugtion animals affect arthropod
vector density, geographical distribution and veatocapacity. The founding of the
European Union facilitated pet travel and impoaatdf dogs by private persons and animal
welfare organisations, enabling the introductiorvedtor-borne infections to non-endemic

regions.



Landscape change such as the creation of recrahfanks, private gardens or artificial
lakes facilitates the establishment of tick popala close to human habitation (Beugnet et
al., 2009).

Epidemiological surveillance data on disease oetuwe, as well as on both ticks and
vertebrate host population dynamics, are requioechap regional risk and predict future
Babesia infection scenarios. Several studies have shoatrttie geographical occurrence of
Babesia species infections of dogs in Europe is highlyialZle and mostly depends on the

distribution of the competent tick vector (Figune 3

B. canis ®
B. vogeli @
B. vulpes @

B. gibsoni

Figure 3 : Distribution of canine Babesia speciesin Europein 2016 (Solano-Gallego et
al., 2016)

2.2.1 LargeBabesia spp.

.2.2.1.1 Babesacanis

This species is the most common agent of caninediadis in Europe. Although it has been
reported that it was detected lixodes ricinus (Cieniuch et al., 2009) anighipicephalus
sanguineus ticks (Cassini et al., 2009), its known vectorDOsrmatocentor reticulatus
(Beugnet et al., 2013). It is assumed that thtk@smost pathogenic large-sized species in
Europe. Acute babesiosis causedBganis in dog is associated with haemolytic anaemia
(pale mucous membrane, jaundice), apathy, highr fewerexia, vomiting, splenomegaly

and lymphadenomegaly (Solano-Gallego et al., 2016).



The prevalence fdB. canis was 2.3% in Italy (Cassini et al., 2009), 4.6%lavenia (Duh
et al., 2004), 25.3% in Poland (Welc-¢@ak et al., 2009) and 50% in Hungary (Hamel et
al., 2012).

.2.2.1.2 Babesia vogeli

This species is transmitted Whipicephalus sanguineus, Ixodes ricinus could also be
implicated in its transmission (Cassini et al., 200 is morphologically similar t&. canis,
but it is less pathogeniB. vogeli infections are often asymptomatic or accompanyechitd
fever and weak anaemia.

The prevalence of dog babesiosis caused by thisespavas 0.9 % in France (Criado-
Fornelio et al., 2009) and 1.3 % in Slovenia (Haetell., 2012).

2.2.2 SmallBabesia spp.

.2.2.2.1 Babesia gibsoni

In Europe, canine babesiosis causedBbyibsoni is rare, and its known vector on the
continent isRhipicephalus sanguineus. Infected animals may show fever, anaemia, apathy,
thrombocytopenia and haemoglobinuria. There isnaldecy to a chronic course of the
disease (Solano-Gallego et al., 2016). Epidemiokdgiata of prevalence of clinical illness
or subclinical infection are limited in Europe. @roatia, molecular data have revealed a
prevalence of 0.7% fds. gibsoni (Beck et al., 2009).

.2.2.2.2 Babesia microti-like

Some formerly unknown smdibbesiae were first described in a German dog returned back
from Spain, showing clinical babesiosis characegtiay lethargy, fever and anaemia (Zahler
et al., 2000). These protozoa were closely relatéd Babesia microti of rodents by
phylogenetic analysis, but did not segregate watagites belonging to thgabesia sensu
stricto group. Zahler et al. (2000) proposed at that timenaméheileria annae. Since then

B. microti-like spp. have been identified as a cause of fideand/or disease in dogs in
Croatia (Beck et al., 2009), USA (Yeagley et ab0?), Portugal (Simoes et al., 2011) and
Sweden (Falkeno et al., 2013).

Due to disagreement on their placement inTtheleria or Babesia genera, several names

have been used for these parasites, includathgsia ‘Spanish dog isolateBabesia microti-
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like speciesBabesia (Theileria) annae, Babesia cf. microti andBabesia vulpes. However,
no types were fixed for either of them, therefdrese names must be considemethina
nuda and thus unavailable names. Baneth et al. (20i8jadly established and described a
species named dabesia vulpes n. sp. among th&abesia microti-like spp., examining

blood samples of dogs and red foxes from Portugglisrael.

Dogs infected with thdBabesia microti-like piroplasms had a syndrome clinically more
severe than those infected wBhcanis, including severe haemolysis, intense regenerative
haemolytic anaemia, thrombocytopenia and azotasstated to renal failure which was the
main cause of death implicated in Spanish dogs @hamet al., 2001; 2003; 2004).

The modes of transmission and tick vectorB.oficroti-like spp. have not been determined
yet. It has been suggested that the hedgehodtardes hexagonusis a vector of this parasite
(Camacho et al., 2003; Checa et al., 2018), howttnehasn’t been proven. Furthermore,
Babesia microti-like species infection has been detected in amb@se this tick species has
not been reported (Birkenheuer et al., 2010). DIR. microti-like spp. has been detected
in several tick species includinghexagonus, I. ricinus (Najm et al., 2014; Lledo et al.,
2014),1. canisuga (Najm et al., 2014), an&hipicephalus sanguineus (lori et al., 2010).
These findings do not prove the capacity of thedes to act as competent vectors but they
might suggest that these parasites can be traeshtift different tick species. It has been
suggested that other non-vectorial modes of natuessmission described for canine
Babesia species, including transplacental transmissiomfdam to pups and direct infection
by bite wounds, as in the case Bfgibsoni, can also be valid foB. microti-like spp.
(Birkenheuer et al., 2010).

In Croatia, molecular data have revealed a precalen0.1% foiBabesia microti-like spp.

in dogs (Beck et al., 2009). The occurrenceBalbesia microti-like spp. have also been
detected in dogs in Serbia (Gabrielli et al., 20Fyeden (Falken6 et al., 2013), France
(René-Martellet et al., 2015) and especially inttvem Portugal (Simdes et al., 2011) and
Gallicia, Spain (Camacho et al., 2001; Mir6 et2015).



2.3 Babesainfection of domestic dogsin Hungary

2.3.1 Etiology

Babesiosis of dogs is endemic in Hungary and itdegn demonstrated with morphological
analysis that the causative agenBiganis, transmitted byD. reticulatus (Horvath et al.,
1996). In 2002, smaltabesiae were identified for the first time in two dogs,sea on the
size of the intracellular parasites observed iiir thleod smears. The clinical pictures were
not consistent with the infection causedBygibsoni, therefore the authors suggested that

another smalBabesia species might have caused the infection (Farkak,e2004).

The first molecular survey on canine babesiosislimgary attempting to identify and
characterize the subspecie®Botanisin dogs was made in 2005 (Fdldvari et al., 2006
piroplasm-specific PCR’s results were positive 38rout of the 44 blood samples of dogs
showing clinical signs of babesiosis (88.6%) andabples were chosen randomly for
sequencing and showed 99.8-100% similarity Vidghbesia canis canis (Foldvari et al.,
2005).

2.3.2 Clinical manifestation

A study about clinical manifestation of canine b&bsis in Hungary showed that
uncomplicated babesiosis was diagnosed in halh@fcases, in younger animals mainly.
Symptoms were similar to those published from othets of the world: lethargy, fever,
splenomegaly, pallor, icterus, haemoglobinuriagmedence of ticks were the most common
observations. Thrombocytopenia, lymphopenia andropenia were frequent haemogram
changes (Mathé et al., 2006). The other half detnatesl babesiosis with complications
(older individuals): hepatopathy (44%), pancreai{#3%), acute renal failure (ARF; 31%)

and disseminated intravascular coagulopathy (DGR

2.3.3 Prevalence

A serological analysis by IFAT (Indirect Fluorescermntibody Test) of 651 canine blood
samples from Hungary was made in 2006 and show@é®# Jositivity to B. canis.

Furthermore, the prevalence of antibodieB.tcanis was significantly higher among german
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shepherds and komondors, suggesting for the fim& & breed predisposition (Hornok et
al., 2006).

Another study was made in 2012, 78 canine bloodpgzsyof dogs from Hungary were
screened foBabesia spp. by indirect (IFAT) and direct methods (PCRainel et al., 2012).
A total of 50% of dogs (39/78) were tested posifmeB. canis by PCR, 1.3% (1/78) fdBs.
vogeli and 1.3% (1/78) fdB. gibsoni. This prevalence d@. canisis the highest one recorded
in a dog population in Europe so far. Only 11.5%8) were tested positive f@&. canis
spp. by IFAT, suggesting that the molecular methseld for the detection influences the
results and should be chosen accordingly.

2.4 Babesainfection of wild canidsin Europe

Five species of wild canids are known to occur undpe, the most abundant being the red
fox, followed by the racoon dog, the wolf, the gatdackal and the artic fox. The red fox
(Vulpes wulpes) is a unique example of a species with a very vdgé&ribution range and
with a huge population size (Otranto et al., 20IH)e adaptation of foxes to urban
environments and their increasing number resultam increased risk of pathogen
transmission to human and domestic animals (Bakaneti al., 2016). In particular, foxes
are parasitized by several tick species and dyreexlposed to several vector borne
pathogens, includinBabesia spp. Suspected of being potential reservoirs oforeborne
pathogens, several molecular surveys, using PCRsagdencing of the 18S rRNA, have

been carried out in red foxes all over Europe el#st few years.

2.4.1 LargeBabesia spp.

In Europe,B. canis was detected by molecular method only in one famnf Portugal
(Cardoso et al., 2013), one fox from Bosnia andzelgovina (Hod4i et al., 2015), one fox
from Austria (HodZ et al., 2018) and recently in one fox from SefBiavaid et al., 2019).
These studies are summarized in the Table 2 beAdvinfected red foxes were apparently
healthy when being shot. It can be concluded thdtfoxes are not suitable hosts Br
canis, with hardly any impact as reservoir or spreaBexogeli has never been reported in

wild carnivores so far.
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Table 2: Prevalence of B. canisin red foxesin Europe

Country Sampletype Positive/surveyed % infected Reference
Portugal Bone marrow 1/70 1.4% Cardoso et al., 2013
Bosnia and .

_ Spleen 1/119 0.8% Hodzet al., 2015
Herzegovina
Austria Blood 1/351 0.3% Hodzi et al., 2018
Serbia Spleen 1/129 0.8% Juwaid et al., 2019

2.4.2 SmallBabesia spp.

.2.4.2.1 Babesia gibsoni

B. gibsoni has been detected in blood samples of red foxesrbybased on morphological

characteristics (Penzorn, 2006), not by moleculethod so far.

.2.4.2.2 Babesiamicroti-like

Infection of red foxes bB. microti-like piroplams was first recorded in Spain wherdging
DNA samples obtained from the spleen of ten foxastwred between 1997 and 1999
(Criado-Fornelio et al., 2003). Since then, sevstatlies with PCR and sequencing of the
18S rRNA have shown high prevalence®8omicroti-like piroplams infection in red foxes
in several European countries (Table 3) , sugggshiat red foxes are the natural host of this
pathogen (Baneth et al., 2015). Baneth et al. (R0ffially established and described a
species named dabesia vulpes n. sp. among th&abesia microti-like spp., examining

blood samples of dogs and red foxes from Portugglisrael.
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Table 3: Prevalence of B. microti-like piroplasmsin red foxesin several European

Country

Northern
Burgos

Croatia

Poland

Portugal

Germany,
Thuringia

Italian Alps

Austria

Bosnia

Herzegovina

Hungary

Great Britain

Germany,

Brandenburg
Northern Spain

Central Italy

Western Austria

Slovakia

NW Spain, Galicia

Romania

Serbia

Southern Italy

Sampletype Positive/surveyed

Blood

Spleen
Spleen
Blood

Bone marrow
Spleen

Spleen
Spleen
Blood

Spleen

Blood

Lung exudate
Spleen

Spleen
Spleen
Blood
Spleen
Spleen

Spleen
Blood

Spleen
Spleen

countries

1/5

10/191
1/138
53/64
18/70

121/261

2/205
13/35
11/17

38/119

81/404
46/316

91/195

22/48
35/153
178/351

130/506
29/300
171/237
70/347
37/129
36/82

12

%
Reference

infected

20.0% Gimenez et al., 2009

5.2% Diek et al., 2010
0,7%  Karbowiak et al., 2010
82.8%

Cardoso et al., 2013
25.7%

46.4% Najm et al., 2014

1.0% | Zanetetal., 2014
76.5%

Duscher et al., 2014
31.4%

31.9% Hodzt al., 2015

20.0% Farkas et al., 2015

14.6 % Bartley et al., 2016

47.5% Liesner et al., 2016

45.8%  Barandika éx(dl6
22.8% Ebani et al., 2017
50.7%
Hodzi et al., 2018
25.7%
9.7% Koneval et al., 2017
72.2%  Checa g2@18
20,2% Daskalaki et al., 2018
28.7%  Juwaid et al., 2019

43.9%  Santoro et al. 2019



The prevalence d. microti-like piroplasms in red foxes ranges from 0.7 %Potand to a

maximum of 82.8% in Portugal.

Differences between the prevalence levels repontélde studies above may occur due to
employed methodology (type and specificity of theners used for PCR, protocols), sample
size (from 5 to 506 samples), sample type (bloodpbeen samples mostly, but also bone
marrow or lung exudate samples), geographical ilmecaetc. However, the influence of
these factors has never been evaluated.

Furthermore, only part of the positive samplesfisrosequenced due to financial reason,
but the results of the sequencing are sometimeapotated to the entire positive samples.

Relatively high prevalence levels and good bodydd@n of the positive red foxes might
be indicative of a low pathogenicity Bf microti-like piroplams in this host. So far, clinical
cases have only been described in few naturalectetl red foxes from Canada (Clancey et
al., 2010).

2.5 Babesainfection of wild canidsin Hungary

Among wild canids, babesiosis dueBccanis has been molecularly detected in two captive
grey wolves Canis lupus) found dead in Hungary, with severe jaundice (Bidét al.,
2014). This sudden death could be, according to dbéhors, secondary to the

immunosuppression related to captivity, which ptdpdead to the clinical manifestation.

Farkas et al. (2015) carried out the first investimn of Babesia infection in red foxes shot
in Hungary in 2011. In total, 404 blood sampleslemtéd were screened f@abesia
parasites by PCR and their partial 18S rRNA gerquesgces compared with those of
parasites of domestic dogs and wild canids fronemtountries. Altogether, 81 red foxes
out of 404 (20.0%) were found to be infected wiilhoplasms. Among those positive
samples, 30 were sequenced and compared with sexsuawailable in GenBank, and 14 of
them were 100% identical & microti-like piroplasms isolated from foxes from Croatia or

Italy.
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3 Materialsand methods

3.1 Collection of samples

Blood samples were collected from 222 red foxegiwating from all the 19 Hungarian
counties a few years ago. The foxes were shotthrendarcasses were sent to the Veterinary
Diagnostic Directorate, National Food Chain Saféffice, Budapest, as part of a control
program on oral immunization of foxes against rab#gfter opening the thoracic cavity of
foxes, blood samples were obtained via cardiactpp@érom the right atrium or chest cavity
and were then frozen at —20°C until further processGender of foxes was not recorded.
The study was carried out in compliance with thacad guidelines for study of wildlife
animals in Hungary, and in agreement with the maficanimal welfare regulations
(28/1998).

3.2 Molecular biological method

3.2.1 DNA extraction

DNA was extracted from each blood sample usingQh&amp DNA Mini Kit (QIAgen
GmbH., Hilden, Germany) following the “Blood anady fluid” protocol instructions by

the manufacturer.

3.2.2 Amplification and sequencing

A conventional single step PCR was used to ampli#87 bp long fragment of the 18S
rRNA gene of piroplasms with primers BJ1 [5-GTCGTAA TTG GAA TGA TGG-37]
and BN2 [5'- TAG TTT ATG GTT AGG ACT ACG-3’]. Reaidn mix contained 15.8l
PCR water, 2.5l of 10x concentration of CoralLoad Buffer (15 mMgiI2 included), 0.5
ul 10 mM dNTP, 0.5ul of each primer (5@M) and 0.2ul (5 U/ul) of HotStarTaq Plus DNA
Polymerase in a final volume of 26 containing 5ul DNA. Amplification was performed
with a BIOER Gene- Pro BIOER TC-E-BD device (Bioklangzhou, PR China). Initial
denaturation at 95°C for 10 minutes was followediBycycles of denaturation at 95°C for

14



30 seconds, annealing at 54°C for 30 seconds amgiaion at 72°C for 40 seconds. The
thermal program was finished with 5 minutes of ffielngation at 72°Cin each reaction
set, a positive contr@nd a negative control with no DNA were included.

PCR products of each reaction were electrophorésetl5% agarose gel (100V, 40
minutes), stained with ethidium-bromide and viszedi under ultra-violet light.

The PCR products were cleaned and sequenced &tuihgarian Academy of Sciences,
Biological Research Centre, Szeged, Hungary. Thairdd sequences were edited, aligned
and compared to reference GenBank sequences bywubleotide BLAST program

(https://blast.ncbi.nlm.nih.gov).

3.2.3 Statistical analysis

Confidence intervals (CI) for the prevalence ratese calculated at the level of 95%.
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4 Reaults

Altogether 85 foxes out of 222 (38.3%; 95% CI: 3487%) were found to be infected with
piroplasms after PCR amplification and electropb@réFigure 4).

T ~ 500 bp

e

EE

-

gNNNNNWWWmWWWWLUWD&&&PI&Z'U'Ug
MONRBOPNWANANDOSENBERS g g
™
1.-45. : DNA from fox blood (positives with red) g §
-~ o~
NTC : non-template control (negative control) 8. %

=

Positive control 1-2: DNA from sequenced Babesia canis

M : molecular weight marker

Figure 4: Electrophoresis gel of piroplasma spp.

The PCR positive animals were shot in 17 of thédl@garian counties (Table 1), except
Heves and Nograd located in the northern partettuntry close to Slovakia. The highest
prevalence levels were found in Somogy (100%), dqlh00%) and Baranya (86.7%)

counties (Table 4).
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Table 4. Prevalence of piroplasm infection of red foxes shot in Hungary

County
Baranya
Baz
Békeés
Bacs-Kiskun
Csongrad
Fejér
Gyor-Moson-Sopron
Hajdu-Bihar
Heves
Jasz- Nagykun- Szolnok
Komarom- Esztergom
Nograd
Pest

Somogy

Szabolcs- Szatmar- Bereg

Tolna
Vas
Veszprém
Zala

TOTAL

Positive/examined

13/15

5/8

9/14

2/36

5/6

5/34

1/2

5/10

0/6

7/8

1/3

0/5

3/36

8/8

13/18

2/2

2/6

1/1

3/4

85/222

17

Prevalence (%)

86.7

62.5
64.3

5.6
83.3

14.7
50.0

50.0

87.5

33.3

8.3
100
712.2
100
33.3
100
75

38.3

95% ClI

69.5-100

29.0-96.0

39.2-89.4

0-13.0

53.5-100

2.8-26.6

0-100

19.0-81.0

0

64.6-100

0-86.7

0

0-17.4

100

51.5-92.9

100

0-71.1

100

32.6-100

31.9-44.7



When the 18S RNA gene fragments from 37 positixe$overe sequenced and compared
by BLAST with 18S RNA sequences available in GerlBall of them were 99-100%
identical toB. vulpes n. sp. detected in Italy (GenBank: MK742780), $erésenBank:
MH699396) and Slovakia (GenBank: KY175167).

Eleven sequences have been deposited in GenBaalkagat the accession numbers are:
MK937700- MK937711; 18S rRNA.
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5 Discussion

Red foxes are parasitized by several tick speaneks directly exposed to vector borne
pathogens, includinBabesia spp. In Europe, the most preval@&abesia spp. infecting red
foxes are thaéB. microti-like piroplasms, reported in almost all Europeanrdries under
different unavailable names, with prevalence levelaging from 0.7 % in Poland
(Karbowiak et al., 2010) to a maximum of 82.8% ortBgal (Cardoso et al., 2013). Baneth
et al. (2019) recently officially established aresdribed the new speciBabesia vulpes n.

sp. and it is very likely that tH& microti-like piroplasms formerly detected in red foxes are

B. vulpesn. sp.

Babesia canis was molecularly detected only in four red foxe$wrtugal (Cardoso et al.,
2013), Bosnia and Herzegovina (Hodet al., 2015), Austria (Hodziet al., 2018) and in
Serbia (Juwaid et al., 2019). The known vectohd largeBabesia species i®ermacentor
reticulatus (Beugnet et al., 2013put it was also detected iRhipicephalus sanguineus
(Cassini et al., 2009) angodes ricinus (Cieniuch et al., 2009) ticks.

The worldwide distributed small babesia of doBsgibsoni has been detected in blood
samples of red foxes but only based on morpholbgleservations (Penzorn, 2006), not by

molecular method so far.

The present study reports a relatively high prevade(38.3%, 8/222) of piroplasmosis in
red foxes in Hungary. In a survey of piroplasmasis404 local red foxes previously
conducted by Farkas et al. (2015) its prevalence 2060%. Blood samples were screened
for babesial parasites by PCR and the partial F8$Ar gene sequences of some of the
positive animals were compared to those parasftésmestic dogs and wild canids from
other countries. The positive animals were shdt7rof the 19 Hungarian counties, except
Heves and Noégrad, and onB; vulpes species was detected. This and the former study
confirm thatBabesia infections are widespread in red foxes in the agunt

Furthermore, the results of the present examinatiemonstrate for the first time the
occurrence oB. wulpes n. sp. proposed to be accepted as a new speteaationally
(Baneth et al., 2019). Although the presence afBhabesia species was only confirmed in
the blood samples of 37 red foxes by sequencinigeoPCR products probably the other 48
infected red foxes were very likely to Bevulpes n. sp as well.
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The detection of thB. vulpesn. sp in such considerable proportion of the agpiy healthy

foxes sampled suggests that a sylvatic life cytliis protozoan exists in fox populations
and that foxes are the major reservoir host fag garasite. Although it is suspected that
Ixodes hexagonus andIxodes canisuga are its vector, the tick vect still remain unknown
(Camacho et al., 2003; Checa et al., 2018). Itdes suggested that other non-vectorial
modes of natural transmission described for caBaiesia species, including transplacental
transmission from dam to pups and direct infectignbite wounds, as in the case Bf

gibsoni, can also be valid fd. vulpes n. sp. (Birkenheuer et al., 2010).

So far, no clinical case d@abesia infection caused by any species in red foxes leas b
described in Europe. It is still unknown whetBewulpes n. sp can be pathogenic for red
foxes, other wild canids or dods. vulpesn. sp was only detected in a dog once in Portugal
so far (Baneth et al., 2019).

A recent survey oBabesia infection in 1,311 hunting dogs in the Campaniaiaegf
southern ltaly revealed only the presenc®.afanis, B. gibsoni, andB. vogeli (Veneziano
et al., 2018). So despite the frequent contactsroog between hunting dogs and red foxes,
and the few ixodid tick vectors they share, thiggasts that at least in this region they tend

to acquire differenBabesia spp.

Research are still needed to better understantbtbeof red foxes and wild carnivores in
general in the epidemiology 8f vulpes n. sp. The gaps in the knowledge include:
* The identity of the vector(s) &. vulpes n. sp, its ways of transmission and whether
or not it can be transmitted in between dogs addoxes;
* The pathogenicity oB. vulpes n. sp in canids;
« The ability of ticks to serve as reservoirs in #fxsence of the vertebrate host;
* The confirmation of suspected wild canid reserydike golden jackals, and the
competence to infect ticks;
« The investigation of alternative ways of transnuagitransplancental, direct) and its
role in the maintenance 8abesia spp. in the wild in the absence of a tick vector.
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8 Abstract

Red foxes have been recognized as potential reseioseveral parasites and pathogens
transmitted by arthropod vectors and a sourcefettion for all susceptible species sharing
the same habitats, including dogs and humans (Desltzé., 2015).

Several studies have shown increasing prevalenBalgsia microti-like infections of red
foxes in almost all European countries, suggedtiag red foxes are the natural reservoirs
of this pathogen (Baneth et al., 2015). Banethlei{(2®19) officially established and
described a new species name8atsesia vulpesn. sp. among thBabesia microti-like spp.

In Hungary, blood samples collected from red foke2011 were screened by PCR for
Babesia parasites (Farkas et al., 2015). Altogether 20%hefred foxes sampled were
infected with piroplasms, and the positive sampleguenced were 100% identicalBo
microti-like piroplasms isolated from foxes from Croatia olylta

The aim of the present study was to screen moredidamples also collected in 2011 and
to compare their partial 18S rRNA sequences toetlpasasites of domestic dogs and wild
canids from other countries, especially with segesnofBabesia vulpes n. sp. recently
described by Baneth et al. (2019). DNA was extdhdtem each blood sample and a
conventional single step PCR was used to amplifsagment of the 18S rRNA gene of
piroplasms with primers BJ1 and BN2. PCR produasevelectrophoresed in agarose gel,
stained and visualized under ultra-violet light.

Altogether 85 red foxes out of 222 (38.3%; 95% 311:9-44.7%) were found to be infected
with piroplasms. The positive animals were shdt7rof the 19 Hungarian counties, except
Heves and Nograd. The 18S RNA gene fragments fromo3itive foxes were sequenced
and compared by BLAST. All of them were 99-100%nititzal toB. vulpes n. sp. This is the
first time that infection of red foxes W/ vulpes n. sp was detected in Hungary.

Further studies are needed to identify the ticktarscinvolved in its transmission, the

mechanisms of transmission, its pathogenicity ahdther or not it can be transmitted in

between dogs and red foxes.
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HuVetA Magyar Allatorvos-tudomdnyi Archivum — Hungarian Veterinary Archive is an online
veterinary repository operated by the Ferenc Hutyra Library, Archives and Museum. It is an
electronic knowledge base which aims to collect, organize, store documents regarding Hungarian
veterinary science and history, and make them searchable and accessible in line with current legal

requirements and regulations.

HuVetA relies on the latest technology in order to provide easy searchability (by search engines, as
well) and access to the full text document, whenever possible.

Based on the above, HuVetA aims to:
- Increase awareness of Hungarian veterinary science not only in Hungary, but also

internationally,
- increase citation numbers of publications authored by Hungarian veterinarians, thus

improve the impact factor of Hungarian veterinary journals;

- present the knowledge base of the University of Veterinary Medicine Budapest and its
partners in a focussed way in order to improve the prestige of the Hungarian veterinary
profession, and the competitiveness of the organizations in question;

- facilitate professional relations and collaboration;

- support open access.



