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Abstract 

Ixodid ticks are present throughout the Western Balkan countries, including Albania, Bosnia and Herzegovina, Croatia, 
Montenegro, North Macedonia and Serbia, with many species serving as vectors for pathogens of both veterinary 
and medical importance. We have conducted a thorough examination of existing literature, encompassing historical 
documents, to collect information on all documented non-zoonotic tick-borne pathogens found in ticks, pets, farm 
animals and wild animals across the Western Balkan region. A comprehensive review was necessary due to the scar-
city and scattered nature of available data from this area. The tick fauna in the Western Balkans consists of 32 species 
across five genera: Ixodes, Haemaphysalis, Dermacentor, Rhipicephalus and Hyalomma. Various pathogens responsi-
ble for diseases in animals, including bacteria and parasites, have also been documented, many of which can cause 
important diseases and significant reductions in animal productivity. Initial efforts were directed towards pathogen 
surveillance and the characterisation of non-zoonotic tick-borne pathogens, resulting in the identification of Thei-
leria orientalis, Anaplasma bovis and Anaplasma marginale in cattle, although significant gaps remain in the current 
research. Studies on small ruminants have been sparse, with confirmed cases of Anaplasma ovis and Babesia ovis 
in sheep, but no comprehensive and systematic research on pathogens in goats. In contrast, research on canine 
piroplasms has identified several species, including Babesia canis and Babesia vulpes. Studies on wild animals, however, 
have predominantly focused on wild canines and carnivores, with limited attention given to non-zoonotic pathogens. 
Notably, only one study has reported non-zoonotic tick-borne pathogens in artiodactyl species and wild felids. This 
review is a much needed overview of existing research on non-zoonotic tick-borne diseases in the Western Balkans, 
including the historical context, current data and research gaps. Given the significant impact of these diseases on ani-
mal health and productivity, as well as their potential biodiversity, further comprehensive studies and the establish-
ment of national surveillance systems for tick-borne diseases are essential for a better understanding and mitigation 
of their impact.
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Background
 Ticks are recognised as the primary vectors of infec-
tious diseases in animals worldwide [1]. Over the past 
decades, the number of reported cases of tick-borne 
diseases (TBDs) in humans and animals has signifi-
cantly increased [2]. Diseases that were once confined 
to tropical regions are now spreading to previously unaf-
fected areas. This expansion is attributed to changes in 
the epidemiology of TBDs, which are linked to various 
factors such as climate change, increased mobility of 
humans and their pets, intensive animal production and 
greater interaction with wild animals, including habitat 
encroachment and recreational activities [3, 4]. In addi-
tion, the effects of climate change, global warming in par-
ticular, may significantly facilitate the expansion of ticks 
and extend their activity into warmer seasons. This, in 
turn, may contribute to an increase in the annual occur-
rence of TBDs [5]. Global warming specifically is a sig-
nificant factor facilitating the expansion of ticks and the 
extension of their activity into warmer seasons.

A consideration of the impact of ticks on livestock 
reveals that the economic consequences of their associ-
ated TBDs, such as babesiosis, ehrlichiosis, anaplasmosis 
and theileriosis, are far-reaching. These diseases often 
present through a range of clinical signs, including fever 
and changes in overall health, which can lead to haemo-
lytic anemia, anorexia and abortion—fatal conditions, 
particularly in young and vulnerable animals. Despite 
these significant adverse effects, persistent infections or 
mixed infections with multiple pathogens in seemingly 
healthy or chronically ill animals may be underestimated. 
This is particularly relevant as apparently healthy animals 
can transmit pathogens to uninfected susceptible indi-
viduals through tick bites [6].

In this context, the contemporary livestock sector in 
industrially advanced countries is confronted with the 
profound impact of various tick species and their asso-
ciated diseases, which is recognised as a pivotal factor 
contributing to substantial productivity losses [6]. The 
objectives of the European Union are a targeted 50% 
reduction in the use of antimicrobial agents in animal 
and aquaculture farming by 2030, coupled with the ambi-
tious goal of having the organic farmland encompass 
25% of the total agricultural land by the same year. Thus, 
strategically managing Vector-borne diseases (VBDs) 
becomes essential for achieving the European Union’s 
targets for organic farming and reducing antimicrobial 
use, ensuring long-term sustainability and economic 
viability in the agricultural sector. There is compelling 
evidence that wild animals significantly contribute to the 
maintenance of tick-borne pathogens (TBPs), acting as 
natural reservoirs for many infectious agents [7, 8]. The 
relevance of these natural reservoirs in the epidemiology 

of TBDs is currently escalating due to increases in the 
density of these species in some European regions over 
the past decades, notably red deer (Cervus elaphus), 
roe deer (Capreolus capreolus), wild boars (Sus scrofa), 
foxes (Vulpes vulpes) and wolves (Canis lupus) [9–11]. 
This trend has also fostered frequent interactions and 
resource-sharing among wild animals, livestock, com-
panion animals and humans in specific areas, thereby 
amplifying the risk of interspecies transmission of TBPs 
[12].

In the Western Balkans (WBs), there is a limited under-
standing of the tick fauna and the pathogens they trans-
mit, as well as of their pathogenic impact and economic 
significance. Similarly, current understanding of the 
role of wild animals in the transmission of TBDs among 
companion animals and livestock is rather limited. This 
review article aims to provide comprehensive informa-
tion, including historical records, on the occurrence and 
distribution of non-zoonotic TBPs in ticks, companion 
animals, livestock and wild animals recorded in each 
country of the WBs. Additionally, we carefully explore 
and analyse the current and past situations in the field, 
emphasising upcoming research priorities to stimulate 
studies on this crucial topic and raise awareness among 
parasitologists, veterinarians and physicians.

Historical overview of TBPs in animals 
in the Western Balkans
To obtain a comprehensive understanding of TBPs in ani-
mals in the WBs, it is essential to collect and assess his-
torical data. In this section of the review, we provide data 
up to the end of the Second World War, as the redrawing 
of borders at that time had a significant and immediate 
effect on the understanding of TBDs. Through a thor-
ough examination of historical non-English literature, 
we have uncovered valuable information that should be 
shared with the wider scientific community to enhance 
current understanding of TBDs in the WB region.

The earliest records on TBPs trace back to the late 
nineteenth century, when piroplasmosis was referred 
to as the ’red urination’ disease, although the etiology 
of the causative agent was not identified at that time. 
This disease was prevalent across the regions of Croa-
tia, Slovenia and Serbia in equines, bovines, caprines 
and ovines. Similarly, a report from the government 
of Bosnia and Herzegovina (1899) covering the period 
from 1879 to 1898 indicates that bovine piroplasmosis 
was consistently present in Bosnia [13]. The initial doc-
umentation on piroplasmosis in the area can be traced 
back to 1912, when investigations of babesiosis in sheep 
were being carried out in Dalmatia, Croatia. In 1921, 
Inchiostri [14] proposed and described the species 
’Piroplasma ovis’. This was the same time period that 
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Bosnia and Herzegovina and Croatia were incorporated 
within the Austro-Hungarian Empire. Following the 
end of the First World War, the new entity known as 
the Kingdom of Slovenians, Croats and Serbs emerged, 
altering national boundaries and facilitating the move-
ment of individuals and goods, including livestock. This 
transformation led to a significant increase in studies 
and reports on piroplasmosis. Petrović [15] published 
one of the earliest papers on piroplasmosis in 1922 as 
part of the work of the Antimalarial Commission, and 
in 1923 Đunkovski [16] described the prevalence of 
piroplasmosis in large animals in the area from Skopje 
to Ohrid, including sheep, reporting that it appeared to 
be a novel type of theileriosis.

According to Čolak [17], piroplasmosis was a limiting 
factor in the colonisation of livestock in Southern Serbia 
between 1920 and 1924, resulting in the death of ani-
mals, particularly those introduced from northern areas. 
For example, 230 sheep died in one flock near Skopje 
in the summer of 1923, while at least 600 cattle died in 
Kumanovo county in 1921. According to this author, 
piroplasmosis did not occur everywhere, but rather in 
open places where ticks are plentiful, and he questioned 
which of the three causative agents, Babesiosis bovum, 
Texas fever or theileriosis, were responsible for mortality, 
adding that “we are still in the dark regarding aetiology”. 
The local populace abandoned the importation of ’noble’ 
cattle after realising that settlers’ cattle from northern 
areas were more afflicted in comparison to indigenous 
cattle, and in a few cases, all cows died.

Because of the extremely difficult situation, the Min-
istry of Agriculture dispatched experts to that area to 
construct Veterinary Units for Disease Control in the 
counties of Southern Serbia [18]. Dr. Andrija Štampar, 
organiser of humane prophylactic medicine, encour-
aged the establishment of veterinary laboratories within 
Hygiene Departments. He recognised the importance of 
collaboration between veterinary and hygiene services in 
controlling zoonotic diseases, ensuring food safety and 
maintaining animal health. The attempts to reduce the 
harm caused by cattle diseases to farmers would have a 
substantial impact on the overall economic condition 
and health of animals in the region. The studies clearly 
indicated the importance of piroplasmosis as a limit-
ing factor in the economic development of the Vardar 
Banovina (now North Macedonia and Southern Serbia), 
and “what malaria is for humans, piroplasmosis is for 
animal husbandry, because imported animals died, and 
families would be left without income” [19]. Piroplasmo-
sis was described as a disease that hindered the region’s 
development since advanced imported breeds were 
unable to survive, resulting in a reduction in land animal 
husbandry.

In 1937, Mlinac and Štrek [20] reported Theileria 
parva in three cattle, referencing earlier studies from 
1933 that noted Babesia bovis as the most commonly 
confirmed piroplasm at the Skopje slaughterhouse. They 
also reported the first incidence of cattle anaplasmosis, 
in October 1936 in Skopje County, with the affected ox 
presenting with fever and lethargy. Anaplasma marginale 
was discovered in the stained blood smear, but no other 
piroplasms were present. Mlinac et al. [19] offered a full 
description of piroplasms infecting animals, thus other 
authors relied on assumed names of haemoparasites that 
were later reported in review reports. Theileria mutans, 
Theileria dispar, Babesiella bovis, Babesiella maior n. sp., 
Babesiella berbera, Piroplasma bigeminum and A. mar-
ginale all occur in cattle. Theileria ovis and Babesiella 
ovis were discovered in sheep, while Babesiella hirci was 
found in goats. Piroplasma caballi and Nutallia equi 
were found in horses and mules, whereas Piroplasma 
canis was discovered in a dog. In 1935, Petrović [21] pro-
vided thorough descriptions of piroplasms in horses.

In 1938, Štrlek [22] examined piroplasms in diseased 
cattle (n = 217), sheep (n = 3) and horses (n = 7) from the 
veterinary section of the Skopje Hygiene Institute. It is 
worth noting that T. mutans was identified in 139 blood 
smears from cattle in Banja Luka (now Bosnia and Her-
zegovina). In 1939, Horvatić [23] reported from the same 
hospital three horses (P. caballi and N. equi), nine sheep 
(B. ovis and T. ovis) and 73 cattle (B. bovis, B. berbera, B. 
maior n. sp., Babesia bigemina, T. mutans, T. dispar and 
A. marginale) that were infected. He emphasised that 
cow theileriosis appears to occur primarily around April 
and May, based on his observations from 1937 to 1939.

In 1929, in Vojvodina, Ranitović [24] described sheep 
piroplasmosis, which had been happening for years, 
affecting > 50% of sheep, especially young animals. In 
1937, Ćosić [25] reported cattle experiencing a severe 
death rate of 50–60% owing to piroplasmosis in Serbia’s 
Djerdap mountain and Danub river region (srez ključki). 
In total, 600 of the region’s 8000 cattle were infected. In 
stained blood smears from the Skopje Hygiene Depart-
ment, T. mutans was identified as the causal agent. Dur-
ing the same time period, data from continental Croatia 
revealed the existence of piropalsmosis but without a 
significant influence on animal productivity. Further 
research conducted by the same author in 1921 proved 
piroplasmosis in cattle, horses and dogs from the same 
Croatian littoral region [25]. Surprisingly, statistics from 
Croatia were based mostly on the results of necropsied 
animals at the Faculty of Veterinary Medicine in Zagreb. 
In 1929 piroplasmosis was found in two of 65 necrop-
sied horses from Zagreb County [26]. Piroplasmosis 
was verified in five horses out of 1169 necropsied horses 
between 1927 and 1938, accounting for 0.4% of horses in 
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the Zagreb area [27]. During the same time period, piro-
plasmosis was found by Winterhalter [28] in 23 of the 
476 cattle included in his study (4.8%), all of which came 
from the region near to the Sava River, notably Posavina. 
Cattle were discovered to be infected with Piroplasma 
bovis, whereas horses were found to be infected with 
Piroplasma equi, based on examination of the merozo-
ites detected in the blood of these animals. At the same 
time, one case of piroplasmosis was reported in sheep 
[29, 30]. Rajčević and Butozan [31] claimed to be the first 
to report a description of piroplasmosis in 12 Croatian 
cattle. These authors’ account of how veterinarians in 
north-western Croatia were frequently confronted with 
comparable infections in cattle and faced treatment chal-
lenges are particularly noteworthy.

The presence of Babesia canis was proven in 1939 
through the detection of merozoites in stained blood 
smears from three dogs exhibiting classic indications of 
piroplasmosis, such as high temperature, lethargy, sple-
nomegaly, anaemia and icterus [32]. The detection of 
Dermacentor reticulatus ticks on the dogs led the author 
to associate these ticks with B. canis transmission. All 
dogs were successfully treated with Acarpin.

In 1941 Boko [33] claimed that the Dalmatia region 
had experienced rare incidences of piroplasmosis prior 
to 1940, with an increasing number of sick cattle, horses, 
sheep, and goats being observed around Sinj in 1940. 
Between May and October of that year, 10% of animals 
tested positive with ‘Babesiella bovis’ on stained blood 
smears at Knin County’s abattoir. Based on the postmor-
tem findings, the authors concluded that the diseases had 
a chronic rather than acute course. In the same counties, 
sheep typically exhibited a peracute or acute course of 
illness. It is notable that the authors explicitly state that 
it was impossible to establish the location of infection 
as the sheep spent nearly 6 months grazing on Bosnian 
pastures. The earliest examples of P. caballi infection in 
horses were military animals that died with classic acute 
clinical indications of babesiosis in the Knin area, fol-
lowed by horses in communities nearby. The causal agent 
was identified using a Giemsa-stained blood smear.

In those countries that existed in the nineteenth and 
twentieth centuries in the WBs, ante-mortem and post-
mortem examinations were performed at veterinary 
faculties and/or veterinary (hygiene) institutes, and the 
causal agents of piroplasmosis were frequently docu-
mented in their annual reports. The data presented indi-
cate that piroplasmosis was indeed prevalent throughout 
the entire region of the WBs, having varying degrees 
of impact on animal health. The collaboration among 
experts and scientists has proven to be essential for the 
extensive data from which we derived data to cover all 
parts of the WBs, regardless of the existence of additional 

published data. In the following sections, we provide a 
comprehensive overview of current knowledge on non-
zoonotic TBPs identified in both ticks and animals in the 
WB countries.

Albania
Epidemiological data on the prevalence and distribution 
of non-zoonotic TBPs in ticks, companion animals and 
livestock in Albania remain scarce, with only sporadic 
studies providing limited insights into their presence in 
these populations. Pathogens such as Anaplasma/Ehr-
lichia spp., Babesia spp. and Theileria spp. have been 
identified in ticks. In dogs, studies have detected Babesia 
canis, Ehrlichia canis, Hepatozoon spp. and Mycoplasma 
haemocanis, among others. In livestock, Anaplasma spp., 
Babesia spp. and Theileria spp. have been reported. No 
data are available on wild animals, leaving a significant 
gap in our understanding of the circulation of TBPs in 
this important reservoirs.

Ticks
The first comprehensive epidemiological survey on tick-
borne bacteria in Albania was carried out by Christova 
et al. [34] in 2003, who examined 90 ticks from the spe-
cies Rhipicephalus bursa, Rhipicephalus sanguineus 
sensu lato (Rh. sanguineus s.l.) and Hyalomma margina-
tum collected from cattle in five localities across north-
ern and central Albania. These ticks were screened for 
Anaplasma and Ehrlichia species using PCR and reverse 
line blot hybridisation (RLBH). The results indicated that 
12.5% of Rh. bursa and 14.3% of Rh. sanguineus s.l. ticks 
were positive for Anaplasma/Ehrlichia by RLBH, while 
E. canis was detected in 3.6% of Rh. sanguineus s.l. ticks 
by PCR (Table  1). Additional research into TBPs was 
conducted by screening ectoparasites from stray dogs 
in Tirana for selected agents using PCR [35]. This study 
highlights the significance of Rh. sanguineus s.l. and 
Ixodes ricinus ticks as vectors for a range of pathogens, 
although E. canis was not detected. Koleci et al. [36] con-
ducted the first study on piroplasms in Albania, focusing 
on ticks collected from goats. Using conventional PCR 
and sequencing, these authors examined ticks from 17 
locations across 15 counties between April and June 2011 
and in May 2012. Sequencing of the 18S ribosomal RNA 
(rRNA) gene fragments revealed the presence of Thei-
leria ovis in three flocks, Babesia ovis in one flock and 
Theileria sergenti in one flock (Table 1).

Companion animals
The first report on canine babesiosis in Albania was 
published in 2006, describing the microscopic iden-
tification of B. canis in Giemsa-stained blood smears 
of 23 of 101 dogs from Tirana that were tested in the 
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Table 1  Non-zoonotic tick-borne pathogens in ticks in the Western Balkans

Country Ixodid tick speciesa Source Pathogenb Prevalence (%) Methodc Reference

Albania Rh. sanguineus s.l Cattle Anaplasma/Ehrlichia 14.3 PCR [34]

Cattle E. canis 3.6 PCR [34]

Rh. bursa Cattle Anaplasma/Ehrlichia 12.5 PCR [34]

Rh. bursa Goats T. ovis 3 flocks PCR [36]

Goats B. ovis 1 flock PCR [36]

Goats T. sergenti 1 flock PCR [36]

Rh. turanicus Goats T. ovis 3 flocks PCR [36]

Goats B. ovis 1 flock PCR [36]

Goats T. sergenti 1 flock PCR [36]

Bosnia and Her-
zegovina

D. reticulatus Dogs Babesia spp. 39 Multiplex PCR [48]

Dogs Anaplasma spp. 4.8 Multiplex PCR [48]

Cats Babesia spp. 4.8 Multiplex PCR [48]

I. ricinus Dogs Babesia spp. 16 Multiplex PCR [49]

Cattle Babesia spp. 17.1 Multiplex PCR [49]

Croatia D. reticulatus Dog H. canis 1/3 PCR-Seq [68]

Red fox H. canisd 3/9 PCR-Seq [68]

I. hexagonus Red fox H. canisd 4/13 PCR-Seq [68]

Red fox H. canisd 2/14 PCR-Seq [68]

Red fox Hepatozoon sp.d 1/13 PCR-Seq [68]

I. ricinus Dog Hepatozoon sp. 2/20 PCR-Seq [68]

Horse H. canis 1/1 PCR-Seq [68]

Red fox H. canisd 6/19 PCR-Seq [68]

Vegetation Hepatozoon sp./H. martis 1/53 PCR-Seq [68]

I. canisuga Red fox H. canisd 3/29 PCR-Seq [68]

Red fox Hepatozoon sp.d 1/29 PCR-Seq [68]

Red fox H. canisd 14/24 PCR-Seq [68]

I. ventalloi Red fox Hepatozoon sp.d 1/2 PCR-Seq [68]

Rh. turanicus Cat H. felis 2/3 PCR-Seq [68]

Rh. sanguineus s.l Dog H. canis 1/13 PCR-Seq [68]

D. reticulatus Vegetation B. canis 77 PCR-Seq [69]

Rh. turanicus Sheep T. ovis 1/1 PCR-Seq [70]

Rh. bursa Sheep T. ovis 1/2 PCR-Seq [70]
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period from July 2003 to July 2004 [37]. In the same 
year, Bizhga et  al. [38] reported the diagnosis of ehr-
lichiosis in three dogs based on their examination of 
Giemsa-stained blood smears. Later studies confirmed 
the presence of B. canis and Babesia vogeli DNA in the 
blood of dogs from Albania and reported an approxi-
mately 10% prevalence of anti-B. canis antibodies, 
identified using the indirect fluorescence antibody test 
(IFAT) [39]. However, it should be taken into consid-
eration that the B. canis IFAT may also detect anti-B. 
vogeli antibodies via cross-reactivity with the B. canis 
antigen [40]. In addition to these first records of canine 
babesiosis in Albania, in 2006, based on the results of 
their study, Dhamo et al. [37] reported an inverse asso-
ciation between the prevalence of infection and the age 
of the dogs, positive cases recorded more frequently in 
spring than in summer and autumn and most cases in 
dogs with outdoor access.

A subsequent study by Hamel et  al. [41] included 30 
clinically healthy dogs from suburban areas of Tirana 
which were screened for B. canis, Hepatozoon spp. and 
E. canis using both direct and indirect methods. Anti-
bodies or pathogens were found in 67% (20/30) of the 
dogs. Notably, 63% (19/30) of the dogs had antibod-
ies against B. canis, E. canis, B. vogeli, Hepatozoon spp. 
and E. canis were identified in 43% (13/30) of the dogs 
through blood smear, PCR, or enzyme-linked immuno-
sorbent assay (ELISA) (Table 2). In a later study, Hamel 
et al. [42] screened 602 client-owned dogs that had pre-
sented to four small animal clinics between March 2010 
and April 2011 in Tirana using Giemsa-stained blood 
smears, PCR and serological methods to determine the 
presence/absence of arthropod-borne infections. Babesia 
vogeli, Hepatozoon canis, Anaplasma platys, E. canis, and 
M. haemocanis, were detected by direct methods with 
prevalence rates ranging from 1 to 9%. Seroprevalence 

Table 1  (continued)

Country Ixodid tick speciesa Source Pathogenb Prevalence (%) Methodc Reference

Serbia D. reticulatus Dog B. canis 46.4 Blood smear [105]

D. marginatus Dog B. canis 18.7 Blood smear [105]

Rh. sanguineus s.l Dog B. canis 66.1 Blood smear [105]

D. reticulatus Vegetation B. canis 21.5 PCR [106]

H. concinna Vegetation B. canis 8.5 PCR [106]

D. reticulatus Vegetation B. canis 11/53 PCR, Sequencing [107]

H. concinna Vegetation B. canis 3/35 PCR, Sequencing [107]

Vegetation A. ovis 20 PCR, Sequencing [107]

H. punctata Vegetation A. ovis 50 PCR, Sequencing [107]

I. ricinus Vegetation A. ovis 29.6 PCR, Sequencing [107]

D. reticulatus Dog B. canis 33.3 PCR, Sequencing [108]

I. ricinus Dog H. canis 8.4 PCR, Sequencing [108]

I. ricinus Golden jackals B. canis 6/118 PCR, Sequencing [109]

D. reticulatus Golden jackals B. canis 8/118 PCR, Sequencing [109]

Golden jackals A. marginale 6.4 PCR, Sequencing [109]

Rh. sanguineus s.l Dog B. gibsoni 4.1 PCR–RFLP [110]

Dog B. canis 12.9 PCR–RFLP [110]

D. reticulatus Dog B. canis 44.4 PCR–RFLP [110]

I. ricinus Dog B. canis 11.1 PCR–RFLP [110]

Rh. sanguineus s.l Dog H. canis 1/4 PCR, Sequencing [111]

 s.l. Sensu lato
a D., Dermacentor; H., Hyalomma; I., Ixodes;  Rh., Rhipicephalus
b B., Babesia; E., Ehrlichia; H., Hepatozoon; T., Theileria
c PCR-RFLP, Restriction fragment length polymorphism-PCR; PCR-Seq, PCR followed by DNA sequencing
d Hepatozoon in ticks collected from negative foxes
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Table 2  Non-zoonotic tick-borne pathogens affecting companion animals in the Western Balkans

Country Pathogena Host species Prevalence (%) Methodb Reference

Albania B. canis Dog 23/101 Blood smear [37]

E. canis Dog – Blood smear [38]

B. canis, B. vogeli Dog 10 IFAT [39]

B. c. canis, E. canis Dog 63 Blood smear, PCR, ELISA [41]

B. c. vogeli, E. canis, Hepatozoon spp., Dog 43 Blood smear, PCR, ELISA [41]

Babesia spp. Dog 6.6 Blood smear, PCR, Serology [42]

Anaplasma spp. Dog 24.1 Blood smear, PCR, Serology [42]

E. canis Dog 20.8 Blood smear, PCR, Serology [42]

Hepatozoon spp. Dog 1 Blood smear [43]

Babesia spp. Dog 0.2 Blood smear [43]

B. vogeli Dog 0.3 qPCR [43]

Mycoplasma haemocanis Dog 8.8 qPCR [43]

A. platys Dog 3.3 PCR [43]

E. canis Dog 9.5 PCR [43]

Babesia spp. Dog 6.6 Serology [43]

E. canis Dog 20.8 Serology [43]

Anaplasma spp. Dog 24.1 Serology [43]

Bosnia and Herzegovina Babesia spp. Dog 27.9 Blood smear [50]

Babesia spp. Dog 5.2 Blood smear [51]

Babesia spp. Dog 30.6 Blood smear [52]

B. canis Dog 82.5–85 Blood smear, PCR-Seq [53]

E. canis/E. ewingii Dog 0.2 SNAP 4Dx [54]

A. platys Dog 0.2 qPCR [55]

B. vogeli Dog 0.2 qPCR [55]

Apicomplexa Dog 35 qPCR [55]

Hepatozoon spp. Dog 26 qPCR [55]

Croatia B. canis Dog (symptomatic) 8 cases Blood smear, PCR-Seq [71]

B. canis Dog (symptomatic) 96.3 Blood smear, PCR-Seq [72]

Dog (asymptomatic) 2.4 PCR-Seq [72]

B. vogeli Dog (symptomatic) 1.3 Blood smear, PCR-Seq [72]

Dog (asymptomatic) 0.2 PCR-Seq [72]

T. equi Dog (symptomatic) 1.3 Blood smear, PCR-Seq [72]

B. caballi Dog (symptomatic) 1.3 Blood smear, PCR-Seq [72]

B. gibsoni Dog (asymptomatic) 0.7 PCR-Seq [72]

B. vulpes Dog (asymptomatic) 0.1 PCR-Seq [72]

B. canis Dog (symptomatic) 28/29 PCR-Seq [73]

B. canis Dog 11/19 cases PCR-Seq [74]

T. capreoli Dog 1/19 cases PCR-Seq [74]

B. canis Dog 13/14 cases PCR-Seq [75]

B. canis Dog 8/8 cases PCR-Seq [75]

H. canis Dog (asymptomatic) 11.5 PCR-Seq [76]

Hepatozoon sp. Dog (asymptomatic) 0.2 PCR-Seq [76]

A. platys/B. vogeli Dog 1, case report IFA, SNAP 4Dx test, RT-PCR-Seq [77]

B. canis Dog 20 IFA [78]

Anaplasma spp. Dog 6.2 SNAP 4Dx test [78]

E. canis Dog 0.5 SNAP 4Dx test [78]

Anaplasma spp. Dog 3.2–5.4 SNAP 4Dx test [79]

E. canis Dog 0.0–0.6 SNAP 4Dx test [79]

A. platys Dog 2.5 PCR-Seq [80]
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for Babesia spp., Anaplasma spp., and E. canis were 6.6, 
24.1, and 20.8%, respectively (Table 2).

The current study represents the first molecular evi-
dence of A. platys, E. canis, and M. haemocanis in 
Albania [43]. More recently, haematological and clini-
cal findings in dogs from Albania with microscopically 
confirmed Babesia infection were reported [44, 45]. In 
endemic areas, there is a strong association beween the 
Babesia species that is transmitted and the tick vector 
present in the environment.

Livestock
Petrovec et al. [46] conducted a study from May to July 
2000 on internal organs collected after evisceration of 
203 slaughtered calves, sheep and goats across the dis-
trict of Shkodra in the north of Albania using a molecular 
approach. Three different Anaplasma species (A. margin-
ale, Anaplasma centrale and A. ovis) were detected, with 
a prevalence of 48% (35/73) in sheep, 44% (30/68) in goats 
and 22.6% (14/62) in calves. One sample (amplified from 
sheep) showed the highest homology (99.1%) to Ehrlichia 

sp. strain Ommatjene. Zalla et al. [47] performed a study 
on 186 cattle in north central Albania in 2008 using a 
haematological assay. Of the total number of samples 
testing positive for infection, 2.1% were infected with B. 
bigemina, 3.2% were infected with both B. bigemina and 
B. bovis and 1% had cross infection (Babesia spp. and 
Anaplasma spp.) (Table 3).

Bosnia and Herzegovina
Comprehensive epidemiological data on the prevalence 
and distribution of non-zoonotic TBPs in ticks, com-
panion animals, livestock and wild animals are scarce in 
Bosnia and Herzegovina. Overall, such research has been 
sporadic, with occasional reports confirming established 
prevalence in animals within the mentioned groups. 
Recent research on pathogens identified in ticks in Bos-
nia and Herzegovina has revealed the presence of Babesia 
spp. and Anaplasma spp. Studies on companion animals 
have primarily focused on dogs, which have been shown 
to harbor a range of pathogens, including B. canis, E. 
canis/Ehrlichia ewingii, A. platys, B. vogeli, Apicomplexa 

Table 2  (continued)

Country Pathogena Host species Prevalence (%) Methodb Reference

Montenegro E. canis Dog 19.3 IFAT [89]

E. canis Dog 10 cases IFAT [92]

Babesia sp. Dog 6 cases Blood smear [92]

B. canis Dog 1 case Blood smear [92]

B. gibsoni Dog 1 case Blood smear [92]

Serbia B. canis Dogs 58 cases PCR–RFLP, Sequencing [116]

B. gibsoni Dogs 3.3 PCR–RFLP, Sequencing [116]

A. platys Dogs 0.9 ELISA [117]

B. canis Dogs 13.5 PCR [117]

B. gibsoni Dogs 2.7 PCR [117]

B. vogeli Dogs 0 PCR [117]

B. canis Dogs 51.4 IFAT [117]

B. gibsoni Dogs 12.6 IFAT [117]

B. vogeli Dogs 52.3 IFAT [117]

B. vulpes Dogs 10.1 PCR, Sequencing [118]

B. gibsoni Dogs 5.7 PCR, Sequencing [118]

B. vogeli Dogs 1.9 PCR, Sequencing [118]

B. caballi Dogs 1.9 PCR, Sequencing [118]

H. canis Dogs 0.6 PCR, Sequencing [118]

B. canis Dogs 26.2 IFAT [119]

B. canis Hunting dogs 32.8 IFAT [120]

A. platys Dog 1 case PCR, Sequencing [123]

H. canis Dog 1 case PCR, Sequencing [124]

 s.l. Sensu lato
a A., Anaplasma; B., Babesia; D.,Dermacentor; E., Ehrlichia; H., Hyalomma; T., Theileria
b ELISA, Enzyme-linked immunosorbent assay; IFAT, indirect immunofluorescence test; PCR-RFLP, restriction fragment length polymorphism-PCR; PCR-Seq, PCR 
followed by DNA sequencing; qPCR, real-time PCR; RT-PCE, reverse transcription PCR
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Table 3  Non-zoonotic tick-borne pathogens affecting livestock in the Western Balkans

a A., Anaplasma; B., Babesia; T., Theileria
b ELISA, Enzyme-linked immunosorbent assay; N/A, not available; PCR-Seq, PCR followed by DNA sequencing

Country Pathogena Host species Prevalence (%) Methodb Reference

Albania Anaplasma spp. Sheep 48 (35/73) PCR [46]

Anaplasma spp. Goat 44 (30/68) PCR [46]

Anaplasma spp. Calf 2.6 (14/62) PCR [46]

B. bigemina Cattle 2.1 Blood smear [47]

B. bigemina/B. bovis Cattle 3.2 Blood smear [47]

Babesia spp./ Anaplasma spp. Cattle 1 Blood smear [47]

Bosnia and Herzegovina B. caballi Horse 4.2 PCR-Seq [58]

B. ovis Sheep 36.4 PCR-Seq [59]

T. orientalis Cattle 43 PCR-Seq [60]

A. ovis Sheep 46.9 PCR [61]

A. ovis/B. ovis Sheep 63.3 PCR [61]

Croatia T. ovis Sheep 50–71 PCR-Seq [70]

Theileria sp. OT3 Sheep 14–40 PCR-Seq [70]

A. ovis Ram 1 clinical case Blood smear, PCR-Seq [81]

A. marginale Cattle 5 cows Spleen imprint, PCR-Seq [82]

A. bovis Cattle 3 cows PCR-Seq [82]

T. orientalis Cattle 3 cows PCR-Seq [82]

B. caballi Horse 13/14 clinical cases PCR-Seq [85]

T. equi Horse 1/14 clinical cases PCR-Seq [85]

T. equi/B.caballi Horse 24.7 ELISA [85]

Montenegro T. equi Horse 22.5 PCR [58]

B. caballi Horse 2.1 PCR [58]

Babesia sp. Sheep 8 cases Blood smear [92]

Babesia sp. Cattle 4 cases Blood smear [92]

Babesia sp. Goat 1 case Blood smear [92]

A. marginale Sheep 4 cases Blood smear [92]

North Macedonia B. ovis Sheep N/A N/A [17]

T. ovis Sheep N/A N/A [21]

B. caballi Horse N/A N/A [93]

T. hirci Goat N/A Blood smear [94]

Theileria spp. Cattle N/A N/A [96]

B. ovis Sheep N/A N/A [97, 98]

B. ovis Sheep N/A N/A [99]

B. ovis Sheep N/A N/A [101]

B. ovis Goat N/A N/A [102]

B. ovis Goat 20.7 adults; 21.9 juveniles Blood smear [103]

Serbia T. equi Horses 27.7 PCR, Sequencing [58]

A. marginale Cattle 11.9 Light microscopy [125]

T. annulata Cattle 1.4 Light microscopy [125]

B. bigemina Cattle 3.6 Light microscopy [125]

B. bovis Cattle 5.7 Light microscopy [125]

T. equi Donkeys 50 PCR, Sequencing [128]

B. caballi Donkeys 0 PCR [128]

Theileria spp. Cattle 3.7 PCR, Sequencing [129]
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and Hepatozoon spp. In livestock, documented patho-
gens include Babesia caballi, Babesia ovis, Theileria ori-
entalis and Anaplasma ovis, while data on non-zoonotic 
tick-borne pathogens in goats remain unavailable. 
Among wild animals, investigations have been conducted 
on foxes, wild cats, martens and wolves, resulting in the 
identification of pathogens such as B. canis, Babesia 
vulpes, H. canis, Hepatozoon silvestris, Hepatozoon felis, 
Cytauxzoon sp. and Hepatozoon sp., reflecting a diverse 
range of pathogen reservoirs.

Ticks
Recent studies on the molecular detection of pathogens 
in ticks have recently been conducted, specifically in 
the species I. ricinus, Ixodes hexagonus, Ixodes canisuga 
and D. reticulatus [48, 49]. In one study on D. reticula-
tus collected from dogs, cats and sheep, the presence of 
Babesia spp. and Anaplasma spp. was confirmed, with 
frequencies ranging from 4.8% to 51.2% [48]. Among the 
Ixodes species, only I. ricinus collected from dogs, cats, 
cattle, sheep and goats showed the presence of Babesia 
spp., with frequencies ranging from 4.8% to 17.1% [49] 
(Table 1). These results highlighted the expansion of the 
host range and distribution of ticks and that this expan-
sion may have significant implications for the epidemiol-
ogy of TBDs in Bosnia and Herzegovina.

Companion animals
The initial investigation of non-zoonotic TBPs in com-
panion animals in Bosnia and Herzegovina was con-
ducted by Omeragic et al. [50]. These authors examined 
the peripheral blood smears of 44 dogs in the Sarajevo 
area that exhibited clinical symptoms of babesiosis, and 
identified Babesia spp. in 12 dogs (27.9%). In a subse-
quent study conducted in Tuzla by Omeragic et al. [51], 
peripheral blood samples from 134 dogs were examined, 
revealing the presence of B. canis in seven dogs (5.2%), 
and an investigation of blood smears from the peripheral 
blood of 183 dogs in the municipality of Teslić conducted 
by Majkić et  al. [52] confirmed a slightly higher preva-
lence of Babesia spp. infection (30.6%) (Table  2). The 
peak incidence was in May, totaling 20 infections (35.7%), 
followed by June (n = 10, 28.5%), July (n = 9, 16%), August 
(n = 7, 12.5%), September (n = 5, 8.9%), April (n = 3, 5.3%) 
and March (n = 2, 3.5%), which highlighted the seasonal-
ity of disease occurrence.

The initial molecular investigation of B. canis in dogs 
from Sarajevo, conducted by Ćoralić et al. [53], confirmed 
a notably high prevalence of autochthonous babesiosis in 
naturally infected dogs exhibiting symptoms. Among 80 
dogs with clinical signs of babesiosis, Babesia was iden-
tified in the blood smears of 82.5% of the dogs. Molec-
ular (PCR) techniques, applied to all parasitologically 

positive and two negative samples, confirmed infection 
with Babesia species in 85% of instances. In addition, 
sequence analysis demonstrated 100% homology with B. 
canis sequences (Table 2). A more comprehensive inves-
tigation of Anaplasmataceae was conducted in 2017, uti-
lising the SNAP 4Dx Plus test and real-time PCR (qPCR). 
A total of 903 blood samples from stray dogs were ana-
lysed for the presence of antibodies against E. canis/E. 
ewingii. Antibodies were detected in 187 samples (20.7%), 
with two dogs exhibiting antibodies against E. canis/E. 
ewingii and one dog exhibiting antibodies against both. 
Among the 187 seropositive dogs analysed using qPCR, 
48 (25.7%) tested positive for Anaplasmataceae.. Two 
samples positive for Anaplasmataceae did not show the 
presence of the mentioned species in species-specific 
PCR tests [54] (Table 2).

In a recent comprehensive study on vector-borne path-
ogens (VBPs) in companion animals, Colella et  al. [55] 
collected blood samples from 408 domestic dogs and 
tested them using a microfluidic real-time PCR assay for 
43 different pathogens. The study revealed the presence 
of individual and mixed infections. Anaplasma platys 
was confirmed in one dog in the Mostar region (0.2%) 
and B. vogeli was identified in two dogs in Sarajevo and 
one dog in Bihać (0.7%). Apicomplexa was the predomi-
nant finding in 141 dogs (35%), followed by Hepatozoon 
spp. in 107 dogs (26%).

Livestock
In a study conducted in 1936, Kozinc [56] obtained initial 
data on the pathogenic impact of ticks on sheep, goats 
and cattle in the territory of Bosnia and Herzegovina. 
This author described the occurrence of a phenomenon 
known as ’leđanica’ in November and December in the 
present-day municipality of Konjic, specifically in the 
villages of Ljuta, Jošanica, Spiljani and Bijela, attributing 
the emergence of ’leđanica’ to the invasion of I. ricinus. 
The first investigation into TBPs was conducted by Papić 
[57] in 1976 in Bugojno municipality, where he observed 
babesiosis in the spring and summer, reporting that its 
presence was influenced by ecological conditions favora-
ble for tick development, which in turn spurred increased 
interest in monitoring the disease. Papić’s study in 1976 
[57] revealed a high prevalence (69.2%) of bovine babe-
siosis in Bosnia and Herzegovina, with the author sug-
gesting that, at least during that period, the disease was 
endemic in the central region of the country.

In 2016, Davitkov et  al. [58] conducted the first study 
on equine babesiosis. Blood samples were collected 
from 24 horses, and the presence of B. caballi was con-
firmed in one horse (4.2%) using PCR and sequencing. 
Research on babesiosis in sheep in Bosnia and Herze-
govina was conducted in 2022 by Stevanović et  al. [59]. 
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These authors collected blood samples from a total of 
192 clinically asymptomatic (n = 116) and clinically sus-
pected sheep (n = 76) from 53 flocks in the Podrinje and 
Eastern Herzegovina regions. Molecular confirmation 
of B. ovis was conducted using PCR. Of the 192 tested 
sheep, B. ovis was confirmed in 70 (36.4%) of them [59]; 
specifically, B. ovis was confirmed in 11.2% (13/116) of 
asymptomatic sheep, while in clinically suspected cases, 
the positivity rate was 75% (57/76). The majority of clini-
cal cases of malignant ovine babesiosis were confirmed 
in the Rudo epidemiological unit (78.7%) within the 
Podrinje region, indicating a typical seasonal pattern of 
disease occurrence and an endemic focus. Most babesio-
sis cases were diagnosed in July (n = 37), followed by June 
(n = 17), August (n = 2) and May (n = 1) (Table 3).

In a recent study on TBPs in cattle (2023), Stevanović 
and Radalj [60] confirmed the presence of DNA frag-
ments specific to Babesia/Theileria in 13 out of 30 exam-
ined cattle (43%). At the farm level, PCR-positive animals 
were identified on 60% of surveyed farms, with 100% 
positivity observed in cattle from three farms with a his-
tory of babesiosis cases. Additionally, sequence analysis 
confirmed the presence of T. orientalis. Also, in the lat-
est study by Stevanović et al. [61] on TBPs in sheep, the 
presence of A. ovis was confirmed in 38 out of 81 (46.9%) 
sheep from the Podrinje and Herzegovina regions, while 
mixed infections with B. ovis and A. ovis were observed 
in 63.3% of cases. These studies highlighted the emer-
gence of new genotypes and high genetic variability of A. 
ovis, which were not associated with geographic origin, 
tick-borne infection status or sheep breeding practices in 
Podrinje and Herzegovina (Table 3).

Wild animals
The first investigation of B. canis, B. vulpes (previously 
known as Babesia cf. microti) and H. canis in foxes in 
Bosnia and Herzegovina was conducted in 2015 by 
Hodžić et  al. [62]. Spleen samples from 119 foxes were 
collected in 29 municipalities across six different regions 
during the hunting season. DNA of B. canis, B. vulpes 
and H. canis was identified in one (0.8%), 38 (31.9%) and 
46 (38.6%) spleen samples, respectively. Additionally, 
the study confirmed the existence of mixed infections in 
foxes, with co-infections of B. vulpes and H. canis iden-
tified in 11 foxes (9.2%), while one fox carried all three 
pathogens (0.8%). The authors used molecular methods 
to confirm B. vulpes in foxes across all six investigated 
regions in Bosnia and Herzegovina, with the highest fre-
quency (66.6%) recorded in Herzegovina (Table 4).

Hepatozoon silvestris was confirmed in wildcats by 
Hodžić et  al. [63] based on morphological and genetic 
characteristics. Tissue samples were collected from nine 
European wildcats in the areas of five municipalities 

in northwestern (Bihać, Bosanski Petrovac), northern 
(Odžak), eastern (Goražde) and central (Gornji Vakuf) 
Bosnia and Herzegovina, where histopathological and 
molecular analyses were conducted. Histopathological 
analysis revealed various developmental stages of Hepa-
tozoon meronts observed in multiple cross-sections in 
the heart, lungs, spleen and skeletal muscle tissue in four 
(44%) out of the nine European wildcats. Additionally, 
tissues from six animals (67%) tested positive by PCR. 
Hepatozoon felis was identified as the causative agent of 
infection in one cat (11%), while 18S rRNA sequences 
from the remaining five cats (56%) were found to be 
identical but distinct from H. felis sequences. In addi-
tion, phylogenetic analyses revealed that these sequences 
formed a strongly supported branch distant from other 
Hepatozoon species, supporting the discovery of a new 
species, H. silvestris sp. nov. (Table 4).

In a subsequent study conducted by Hodžić et al. [64], 
blood-associated parasites were confirmed in 18 Euro-
pean wildcats using PCR. The presence of five species of 
apicomplexan parasites belonging to three genera (Babe-
sia sp., Cytauxzoon sp., H. silvestris, H. felis, Hepatozoon 
sp.) was established. At least one of these microorgan-
isms was detected in 15 wildcats (83%). Cytauxzoon sp. 
was the most frequently identified pathogen (56%; 10/18), 
followed by H. felis (33%; 3/9), H. silvestris (22%; 2/9), 
Hepatozoon sp. (22%; 2/9) and Babesia sp. (6%; 1/18). 
Additional molecular analysis revealed that all Cytaux-
zoon sequences obtained from wild felids in Bosnia and 
Herzegovina belong to a predominant European hap-
logroup (EU1). This haplogroup has been identified as a 
distinct species and formally named Cytauxzoon euro-
paeus [65]. Double infections were observed in five ani-
mals, while one wildcat carried as many as three different 
pathogens. Blood, spleen and heart samples were utilised 
for pathogen detection, with the highest overall positivity 
rate observed in the blood (100%; 6/6).

The analysis of samples from European martens (Mar-
tes martes) in Bosnia and Herzegovina and Croatia, as 
part of a broader study, unveiled a new species of Hepa-
tozoon named Hepatozoon martis [66]. Collected from 
various locations in Bosnia and Herzegovina between 
2014 and 2017, a total of 10 European martens (9 males 
and 1 female; 9 adults and 1 cub) were included in the 
study. The overall prevalence of infection with H. martis, 
detected by PCR in martens from Bosnia and Herzego-
vina, reached 64% (Table 4).

In 2021, Alić et al. [67] conducted a study on H. canis 
in foxes, with histopathological examination of a red fox 
cub revealing the presence of Hepatozoon spp. meronts 
in the bone marrow, spleen, lymph nodes and diaphrag-
matic lung lobes. Additionally, PCR and sequencing 
confirmed the presence of H. canis in the tissues. More 
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Table 4  Non-zoonotic tick-borne pathogens affecting wild animals in the Western Balkans

 aB., Babesia; H., Hyalomma; T., Theileria
b PCR-Seq, PCR followed by DNA sequencing

Country Pathogena Host species Prevalence (%) Methodb Reference

Bosnia and Herze-
govina

B. canis Red fox 0.8 PCR-Seq [62]

B. vulpes Red fox 31.9 PCR-Seq [62]

H. canis Red fox 38.6 PCR-Seq [62]

H. silvestris sp. nov Wild cat 56 PCR-Seq [63]

H. felis Wild cat 11 PCR-Seq [63]

Babesia sp. Wild cat 6 PCR [64]

Cytauxzoon sp. Wild cat 56 PCR [64]

H. silvestris Wild cat 22 PCR [64]

H. felis Wild cat 33 PCR [64]

Hepatozoon sp. Wild cat 22 PCR [64]

Corynebacterium europaeus Wild felids N/A PCR [65]

H. martis n. sp. Marten 64 PCR-Seq [66]

H. canis Red fox 100 PCR-Seq [67]

H. canis Wolf 100 PCR-Seq [68]

Croatia H. martis Stone marten 63.6 PCR-Seq [66]

H. canis Golden jackal 80.8 PCR-Seq [68]

H. canis Grey wolf 54.2 PCR-Seq [68]

H. canis Badger 7.8 PCR-Seq [68]

H. martis Badger 1.6 PCR-Seq [68]

Hepatozoon sp. Bank vole 81.8 PCR-Seq [68]

Hepatozoon sp. Yellow-necked mouse 2.7 PCR-Seq [68]

Hepatozoon sp. Wood mouse 10.4 PCR-Seq [68]

H. ayorgbor Yellow-necked mouse 5.4 PCR-Seq [68]

H. ayorgbor Wood mouse 4.2 PCR-Seq [68]

H. sciuri European hedgehog 100 PCR-Seq [68]

H. canis Red fox 23 PCR-Seq [86]

Hepatozoon sp. Red fox 1 PCR-Seq [86]

B. vulpes Red fox 5.2 PCR-Seq [86]

Theileria sp. Red fox 1 PCR-Seq [86]

B. canis Grey wolf 5.5 PCR-Seq [87]

T. capreoli Grey wolf 13.9 PCR-Seq [87]

Babesia sp. Red deer 2.9 PCR-Seq [88]

B. divergens/capreoli Red deer 0.9 PCR-Seq [88]

B. divergens/capreoli Roe deer 18.3 PCR-Seq [88]

B. crassa Roe deer 2 PCR-Seq [88]

B. venatorum Roe deer 2 PCR-Seq [88]

T. capreoli Red deer 52.9 PCR-Seq [88]

T. capreoli Roe deer 57.1 PCR-Seq [88]

T. capreoli Fallow deer 100 PCR-Seq [88]

T. ovis Roe deer 2 PCR-Seq [88]

Serbia B. canis Golden jackal 4.2 PCR, Sequencing [108]

B. canis Red fox 0.8 PCR, Sequencing [130]

B. vulpes Red fox 28.7 PCR, Sequencing [130]

H. canis Red fox 61.2 PCR, Sequencing [130]

H. canis Grey Wolf 57.9 PCR, Sequencing [132]

H. canis Yellow-necked mouse One case PCR, Sequrencing [133]
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recently, Uiterwijk et  al. [68] conducted a comprehen-
sive study, testing a larger number of samples from wild 
mammals across multiple European countries using PCR 
and sequencing. In 35 samples from wild boars in Bosnia 
and Herzegovina, no presence of Hepatozoon spp. or any 
other TBPs was established. However, in one wolf sam-
ple, the presence of H. canis was confirmed [68].

Croatia
In the Republic of Croatia, most studies have focused 
on dogs and wild canids, while investigations into the 
prevalence of non-zoonotic TBPs in ticks remain limited. 
Nevertheless, ticks have been found to harbor H. canis, 
Hepatozoon sp., B. canis and T. ovis. Studies on compan-
ion animals, primarily dogs, have documented a range of 
pathogens, including B. canis, B. vogeli, Theileria equi, 
B. caballi, A. platys, E. canis and Hepatozoon sp., with 
Babesia gibsoni and B. vulpes reported at relatively lower 
prevalence. In livestock, investigations have revealed the 
presence of T. ovis, T. orientalis, A. ovis, A. marginale 
and T. equi/B. caballi, while data on non-zoonotic tick-
borne pathogens in goats are lacking. Wild animals serve 
as important reservoirs, with species such as H. canis, H. 
martis, B. vulpes, Theileria capreoli and Babesia sp. fre-
quently identified.

Ticks
So far, only a few studies have investigated the presence 
of pathogens in ticks. In Zagreb, B. canis was found in 
77% of pooled D. reticulatus ticks from the same loca-
tion [69]. In southern Croatia, the DNA of T. ovis was 
detected in two ticks, Rhipicephalus turanicus and Rh. 
bursa, collected from infected sheep while Haemaphysa-
lis sulcata and Hae. punctata were found to be negative 
[70]. In the same study, Theileria sp. OT3 was not iden-
tified in ticks, despite these ticks having been collected 
from sheep confirmed to be infected. Uiterwijk et al. [68] 
tested animals and ticks collected from both the environ-
ment and animals for the presence of Hepatozoon spp. 
using PCR and sequencing methods. In the 31 positive 
(4.1%) ticks, Hepatozoon species associated with car-
nivores were detected, including mostly H. canis and, 
to a lesser extent, H. martis and H. felis. These authors 
detected H. canis not only in Rh. sanguineus s.l., but also 
in D. reticulatus, I. hexagonus, I. ricinus, I. canisuga and 
Ixodes ventalloi, while H. martis was present only in 
questing I. ricinus and H. felis was present only in Rh. 
turanicus collected from a cat (Table 1).

Companion animals
In the first molecular study in Croatia, published in 2002, 
B. canis was detected in eight dogs from the Zagreb 
region that showed clinical signs of babesiosis, including 

apathy, fever and anaemia, after sequencing of 18S rRNA 
[71]. In a large molecular study of 81 dogs that were 
microscopically positive for babesiosis and 848 ran-
domly selected, apparently healthy dogs, Beck et al. [72] 
detected six piroplasm species. Sequencing of a portion 
of the 18S rRNA revealed that B. canis was the domi-
nant species, identified in 78 of the symptomatic dogs 
(96%), followed by single infections (1.3%) with B. vogeli, 
B. caballi and T. equi. In a group of randomly selected, 
apparently healthy dogs, the prevalence was 3.4%, with B. 
canis detected in 20 dogs (2.4%), Babesia gibsoni detected 
in six dogs (0.7%), B. vogeli detected in two dogs (0.2%) 
and B. vulpes detected in a single dog (0.1%) (Table  2). 
This study was the first to provide evidence of B. vulpes 
outside of Spain and the first that recognised B. gibsoni 
in the WB region. In 2010, Brkljačić et al. [73], using the 
same approach, confirmed the presence of B. canis in 28 
dogs exhibiting lethargy, anorexia, fever, dark urine and 
thrombocytopenia, following the detection of merozoites 
in blood smears (Fig. 1).

In retrospective post-mortem studies on archived, for-
malin-fixed, paraffin-embedded tissue blocks (FFPEB) 
from dogs that had died due to a haemolytic crisis, B. 
canis was confirmed in 52.6% (10/19) of the dogs and T. 
capreoli was recorded in the heart tissue of a single dog 
(5.2%) [74]. In another post-mortem study, B. canis was 
the only species confirmed by sequencing from archived 
Romanowsky stained cytological slides, in which canine 
piroplasmosis had been previously identified after micro-
scopic examination [75]. These authors also amplified B. 
canis from the different tissues of 15 dogs that had shown 
gross findings consistent with haemolytic disease, despite 
the clearance of merozoites after treatment [75]. Inter-
estingly the highest prevalence was found in the region 
where B. canis had not recorded so far.

In 2009 Vojta et  al. [76] performed the first molecu-
lar survey to investigate the prevalence of Hepatozoon 
infection in 924 blood samples of apparently healthy 
dogs from different regions of Croatia. Screening with 
PCR revealed the presence of Hepatozoon DNA in 108 
(11.8%) dogs, and sequencing results confirmed the pres-
ence of H. canis in 106 dogs and Hepatozoon sp. in two 
dogs. The H. canis isolates were divided into five groups 
based on eight commonly mutated nucleotide posi-
tions in the partial 18S rRNA gene sequence,  (Table 2). 
In 2012 Dyachenko et al. [77] reported for the first time 
a dog from Croatia imported to Germany with a lethal 
infection caused by A. platys. The dog developed throm-
bocytopenia, anaemia and elevated levels of C-reactive 
protein, with the severity of the condition attributed to 
co-infection with B. vogeli.

Two studies have been performed so far in Croatia 
with the aim to detect antibodies to TBPs in dogs from 
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different regions. In 2017, Mrljak et al. [78] investigated 
435 randomly selected apparently healthy dogs in 13 dif-
ferent locations of Croatia for antibodies to B. canis by 
indirect immunofluorescence using a commercial IFA 
and commercial point-of-care SNAP®4Dx®Plus. Babesia 
canis was the most prevalent pathogen (20%) while the 
antibodies to Anaplasma spp. were present in 6.2% dogs 
with a homogeneous geographical distribution through-
out the country (Table  2). Antibodies to E. canis were 
present in 0.4% of dogs. In a subsequent study, Jurković 
et  al. [79] conducted large-scale screening of 1433 dogs 
from the continental and coastal regions that had been 
categorised by health status. The first group (asymp-
tomatic) included 753 apparently healthy dogs (52.6%, 
753/1433); the second group (clinically suspected) com-
prised 617 dogs (43.1%, 617/1433) that had been pre-
sented to private veterinary clinics due to clinical signs 
and/or haematological abnormalities (anaemia, throm-
bocytopenia, vomiting, anorexia, pale mucous mem-
branes); the third group (deceased) consisted of 63 dogs 
(4.4%, 63/1433) with suspected canine VBDs. The screen-
ing revealed that the most frequently detected antibodies 
were those to Anaplasma spp. (4.5%). The overall preva-
lence was the highest in the group of asymptomatic dogs 
(5.4%) compared to suspected (3.4%) or deceased dogs 
(3.2%) and was higher in the Continental region than 
in the Coastal region. Antibodies to E. canis were pre-
sent in 0.6% of dogs (asymptomatic and suspected), but 
deceased dogs were not seropositive. Interestingly the 
highest prevalence was noted in the group of asympto-
matic dogs (1.4%) from the continental region while the 
prevalence in the same group from the coastal region 
was 0.5% [79]. In a study of 1080 blood samples from 
apparently healthy dogs from the coastal and continen-
tal parts of Croatia, Anaplasmataceae DNA was found 

to be present in 42/1080 (3.8%) dogs using conventional 
PCR and sequencing of the 16S rRNA gene [80]. Further 
analysis of the positive samples revealed the presence 
of A. platys (2.5%, 27 dogs) and a Wolbachia sp. endos-
ymbiont of Dirofilaria repens (1.1%, 12 dogs) (Table  2). 
The highest prevalence of Anaplasmataceae-positive 
dogs was identified in the North Adriatic region (10/126; 
7.9%) followed by the continental region (11/242; 4.5%) 
and Dalmatia (21/712; 2.9%). In the same study [80], tis-
sue samples collected from 63 deceased dogs with a his-
tory of anaemia and thrombocytopenia were found to be 
free from infection. All groups were free of E. canis DNA 
despite 838 dogss coming from the coast region where 
the Rh. sanguineus s.l. vector is widespread.

Livestock
Duh et al. [70] in 2001 performed a study on piroplasmo-
sis in seven healthy and 10 sick sheep from southern lit-
toral Croatia. Using a molecular approach these authors 
identified T. ovis and Theileria sp. OT3 but not B. ovis 
[70]. Theileria ovis was present mostly in healthy sheep 
while Theileria sp. OT3 parasite was detected mostly in 
sick animals; these results were considered evidence of 
the possible pathogenic nature of Theileria sp. OT3. In 
another study, A. ovis was confirmed by the sequencing 
of msp4 from a sick ram from the Croatian littoral region 
[81] (Table  3). According to veterinarian practitioners, 
the described clinical signs of the disease are common 
in sheep and rams introduced from non-endemic areas 
and disease has never been observed in animals younger 
than 5 months. Sheep that died from an A. ovis infection 
frequently exhibited diffuse icterus, splenomegaly, hydro-
pericardium and endocardial petechiae on post-mortem 
examinations (Fig. 2b–d).

Fig. 1  a, b Giemsa-stained smears with intra-erythrocytic merozoites of Babesia canis infection (×1000)
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Jurković et al. [82] described two outbreaks of anaplas-
mosis in Croatian cattle caused by A. marginale and by 
concurrent infection with A. bovis and T. orientalis com-
plex during June and July. Six A. marginale infections in 
cows from the continental part of Croatia manifested as 
fever, lethargy, dark urine, ic​ter​us (Fig.  2a) and reddish 
mucous membranes. Postmortem examination revealed 
icterus, urinary bladder filled with dark urine and sple-
nomegaly. The sequence of the 840-bp msp4 fragment 
of the Croatian A. marginale isolate clustered with msp4 
sequences of A. marginale from Russia and Hungary, cor-
responding to haplogroup 1 detected in Europe, North 
America, Africa and the Middle East. At almost the same 
time, A. bovis caused a lethal outcome in three cows co-
infected with T. orientalis (buffeli/sergenti) originating 
from coastal Croatia.

Equine piroplasmosis has been known about for 
almost a century in Croatia, but T. equi (‘Nuttalia equi’) 
was described in 1954 for the first time, recorded in five 
horses in Northern Croatia in villages close to Zagreb 
[83]. This finding represents an important discovery 

since up to this time only B. caballi had been detected 
as a single species in horses from northern Croatia. In 
their PhD thesis (1954), Richter [84] provided a detailed 
map of equine piroplasmosis across Croatia. Over a 
4-year period, 612 horse blood smears from clinically 
suspected cases of ’haemosporidia’ were microscopi-
cally examined. Babesia caballi was microscopically con-
firmed in 403 of these horses, mostly in those from the 
continental part of the Republic of Croatia, and T. equi 
was found in only one horse blood smear. The author 
concluded that B. caballi is a dominant causative agent of 
acute clinical piroplasmosis of horses in the territory of 
the Republic of Croatia. In their PhD thesis (2015), Gotić 
[85] described 14 acute piroplasmosis cases in horses, of 
which B. caballi was confirmed in 13 horses and T. equi 
in only one case. In the same study on 362 randomly col-
lected, asymptomatic horses, the overall prevalence using 
a molecular approach and a cellular ELISA (cELISA) was 
24.7% [85] (Table 3). A piroplasm DNA was detected in 
61/364 horses (16.7%), and further sequencing confirmed 
the presence of T. equi in 48/61 (78.6%) and B. caballi 

Fig. 2  a Icterus in a cow infected with Anaplasma marginale. b–d Post-mortem findings in a sheep infected with Anaplasma ovis showing diffuse 
icterus of subcutaneous fat and fascia (b), splenomegaly (c) and hydropericardium with epicardial petechiae (d)
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in 13/61 (21.3%) samples. Antibodies were present in 
92/364 (25.2%) of the horses tested with cELISA. Two 
genotypes of T. equi were detected, genotype E in 10.8% 
(39/362) of the horses and genotype A in 2.5% (9/362) 
of the horses, while B. caballi was not present. All sam-
ples from southern Croatia belonged to the 18S rRNA 
gene clade A, while samples from northern Croatia were 
identified as clade Ehrlichia. Additionally, the diversity 
of T. equi from Croatia was investigated by analysing the 
ema-1 gene. All samples from southern Croatia belong-
ing to clade A based on sequencing of the 18S rRNA 
gene demonstrated ema-1 homology to the previously 
described ema-1 genotype groups A and B. All samples 
from northern Croatia, previously identified as clade E, 
assembled distinctly from the previously described ema-
1 groups and clustered into two novel genotype groups, 
tentatively named ema-1 groups D and E.

Wild animals
In a molecular study on spleen samples from 191 car-
casses of red foxes, Dežđek et  al. [86] discovered four 
species of haematozoa in 57 foxes (30%) using PCR and 
sequencing of the 18S RNA gene. Babesia vulpes was 
found in 10 foxes (5.2%), H. canis in 44 (23%) foxes, 
Hepatozoon sp. in two foxes (1%) and T. capreoli in a sin-
gle animal (1%) (Table  4). Babesia vulpes and H. canis 
were distributed across all the studied regions, while T. 
capreoli and Hepatozoon sp. were restricted to the con-
tinental area of Zagreb and Zagorje, and Istria regions, 
respectively. In 2017, Beck et al. [87] performed a patho-
logical and molecular investigation on piroplasm infec-
tions in captive and free-ranging grey wolves. PCR 
amplification targeting the 18S RNA gene revealed the 
presence of Theileria/Babesia DNA in 21 of 108 (19.4%) 
free-ranging wolves and one captive animal. Subsequent 
sequencing revealed that 7/108 animals (5.5%) were 
positive for B. canis while 15/22 (13.9%) sequences were 
found to be identical with those of T. capreoli (Table 4). 
These authors showed that B. canis has little impact on 
wolf health, suggesting that the wolf is the natural host. 
Hodžić et al. [66] reported a new species of Hepatozoon 
in Croatia, named H. martis n. sp., from 64% of samples 
of European martens (Martes martes), as part of a study 
that included animals from Bosnia and Herzegovina and 
Croatia. In a large European molecular study on Hepa-
tozoon species in wild animal tissue and ticks, H. canis 
was found to be present in 54.2% of gray wolves, 80.8% 
of golden jackals and 7.8% of badgers in Croatia [68]. The 
prevalence in small wild mammals varied from 0.6% of 
Hepatozoon sciuri in European hare to 81.8% of Hepato-
zoon sp. in bank voles. Hepatozoon ayorgbor was detected 
in 8.1% of yellow-necked mice and 14.6% of wood mice, 

and H. sciuri was noted in a single European hedgehog 
(100%) (Table 4).

In their PhD thesis (2012), Pintur [88] analysed spleens 
from 164 animals, including 49 from roe deer (Capreo-
lus capreolus), 102 from red deer (Cervus elaphus) and 13 
from fallow deer (Dama dama), for the presence of piro-
plasms DNA using conventional PCR that targeted a por-
tion of the 18S rRNA. The overall prevalence was 67.6%, 
with the highest infection rate found in red deer (56.8%). 
Across all samples, Babesia sp. was detected in 2.9%, B. 
capreoli in 0.9% and T. capreoli in 52.9%. Theileria capre-
oli was present in all fallow deer samples, while 22.4% of 
roe deer samples were positive for Babesia (B. capreoli 
18.3%, Babesia crassa 2%, Babesia venatorum 2%) and 
59.1% were positive for Theileria (T. capreoli 57.1% and T. 
ovis 2%) (Table 4).

Montenegro
Data on TBDs in Montenegro are scarce. Although test-
ing has been carried out since the establishment of the 
health system, there is very little written or published 
data. Most published data are related to cases of human 
diseases, while non-zoonotic diseases and their carriers 
remain unrecorded.

Among the rare studies conducted in Montenegro is 
a study testing 142 horses in the Central Balkans, which 
showed a total prevalence of T. equi of 22.5% and B. 
caballi of 2.1%. In addition to a few published articles 
[58], most of the data available today come from unpub-
lished tests by the Diagnostic Veterinary Laboratory 
and reports from private veterinary clinics (Tables 2, 3). 
Babesiosis, anaplasmosis and ehrlichiosis are present in 
livestock (cows, goats and sheep) and pets, especially 
dogs, as evidenced by annual reports on the work of the 
Diagnostic Veterinary Laboratory and other rare stud-
ies [89–92]. Private veterinary clinics are focused on the 
treatment of pets and, consequently, data pertaining to 
the presence of babesia in dogs. In Montenegro, tests on 
the presence of these diseases in wild animals have never 
been carried out, so there is no data on their occurrence 
in wild animals.

North Macedonia
Non-zoonotic TBPs in North Macedonia have been 
poorly studied, and there is little published data on this 
topic. Any available information mainly comes from 
research carried out in the first half of the twentieth cen-
tury in domestic animals. In livestock, pathogens such as 
B. ovis, T. ovis, B. caballi, Theileria hirci and other Thei-
leria spp. have been described, often associated with sig-
nificant impacts on animal health and productivity. The 
presence of specific pathogens was largely anecdotal, 
relying on clinical observations of related diseases rather 
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than on confirmed pathogen identification. While the co-
occurrence of diseases and competent vectors has been 
reported, no published studies have confirmed the pres-
ence of these pathogens in ticks. No data are available on 
non-zoonotic TBPs in companion or wild animals, leav-
ing substantial gaps in the epidemiological understanding 
of these pathogens in North Macedonia.

Livestock
In a study carried out in 1918, Knuth et al. [93] reported 
piroplasmosis in German horses that had been returned 
from the occupied territories in Macedonia in 1917. 
These authors detected 15 tick species belonging to the 
family Ixodidae, but only three tick species were identi-
fied on the horses suffering from piroplasmosis (Hya-
lomma aegyptium, Rh. bursa and Rh. sanguineus s.l.). 
Concluding that H. aegyptium is an improbable vector 
of piroplasmosis, the authors considered that Rh. bursa 
and Rh. sanguineus s.l. are the primary vectors, with par-
ticular emphasis on the former. They also hypothesised 
that D. reticulatus, which was predominantly detected on 
horses in Macedonia in the spring, is a vector of B. caballi 
because of the co-occurrence of babesiosis in horses dur-
ing the same period of the year.

The first data on piroplasmosis in goats in Macedonia 
were from Dzunkovski and Urogjevic (cited in Mekuli 
[94]), who describe the disease agent as T. hirci. The 
authors found Koch plasmatic bodies in the peripheral 
blood of diseased goats. In 1925, Čolak [17] reported a 
high prevalence of piroplasmosis among domestic ani-
mals in Macedonia. The disease was prevalent in the 
Kumanovo region, along the Vardar valley, in Ovche Pole, 
Strumica, Gevgelija, Pelagonia and the surroundings of 
Ohrid. However, they did not determine the type(s) of 
etiological agents. In 1933, Marković [95] noted that on 
Macedonian territory (as part of the Kingdom of Yugo-
slavia), piroplasmosis occurred in all types of livestock, 
stating that “it has not been studied which types of piro-
plasms are present, but there certainly are many of them”. 
According to Mlinac [18], B. ovis and T. ovis were the 
causative agents of piroplasmosis in sheep. On the con-
trary, in a study carried out in 1939, Šterk [22] found 
that only T. ovis, not B. ovis, was the causative agent of 
sheep piroplasmosis. Pavlov [96] reported 16 cases of 
piroplasmosis in cattle from a village in Macedonia 
caused by Theileria (not specifying the species), and the 
only tick species found on the infected cattle, but also on 
the uninfected cattle in the district, was H. aegyptium. 
In two studies [97, 98] carried out in 1955 and 1957, 
respectively, Angelovski found B. ovis to be the causative 
agent of piroplasmosis in sheep, stating that all diseased 
sheep were infested with Rh. bursa. In a subsequently 
study, Angelovski [99] confirmed these results during 

the occurrence of enzootic piroplasmosis in imported 
sheep and noted that in native sheep, babesiosis occurs 
sporadically and without clinical signs. In a short review 
published in 1963, Angelovski et  al. [100] presented a 
brief historical overview of the study of piroplasmo-
sis in Macedonia based on their research on the occur-
rence, prevalence, clinical signs, gross pathology findings, 
diagnosis, treatment and prevention. Babesia ovis was 
found to be the causative agent of piroplasmosis in sheep, 
and Rh. bursa was the predominant tick species. In the 
municipality of Krushevo, Geru [101] also found B. ovis 
in sheep infested with Rh. bursa, which presented clini-
cal signs of piroplasmosis. In their first report on babe-
siosis in the Skopje region in 1987, Geru and Cvetković 
[102] confirmed the presence of B. ovis and Rh. bursa in 
all diseased goats. In their doctoral thesis (1996), Geru 
[103] tested blood smears from 3800 goats and 1390 
juveniles (kids and yearlings) throughout the country and 
reconfirmed B. ovis as the etiological agent of babesiosis 
in goats (20.7% prevalence in adults; 21.9% in juveniles), 
with Rh. bursa as the main vector (47.8% prevalence 
in goats). The diseased animals showed mild to severe 
symptoms, with only 1–3% of parasitised erythrocytes 
(juveniles had more parasitised erythrocytes than adults). 
This author experimentally infected goats by through 
intravenous injections of blood from a diseased sheep. 
The results showed that the sheep strain of B. ovis is also 
infectious for goats, confirming B. ovis as the joint etio-
logical agent of sheep and goat babesiosis.

Serbia
Most data on non-zoonotic TBPs and TBDs in animals 
in Serbia focus on babesiosis, which is recognised as the 
most significant tick-borne animal disease in the coun-
try. Babesia canis, B. gibsoni, A. ovis, A. marginale and H. 
canis have been identified in ticks, while studies on com-
panion animals have documented a range of pathogens, 
including Babesia canis, B. vulpes, B. gibsoni, B. caballi, 
B. vogeli, A. platys and H. canis. In livestock, pathogens 
such as Theileria annulata, T. equi, A. marginale, B. 
bigemina and B. bovis are prevalent. Reports from wild 
animals suggest the presence of B. canis, B. vulpes and H. 
canis, though data remain scarce.

Ticks
In 2003, Pavlović et  al. [104] reported the results of 
a survey conducted between 1997 and 2001, which 
highlighted the high prevalence of non-zoonotic B. 
canis in various tick species in the Belgrade region. 
The prevalence proportions of B. canis were 66.1% for 
Rh. sanguineus s.l., 46.4% for D. reticulatus and 18.7% 
for Dermacentor marginatus. These findings were 
obtained through microscopic examination of tick 
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smears stained with a 5% Giemsa solution [104]. After 
utilising microscopic techniques for over a decade to 
investigate the presence of Babesia species in ticks in 
Serbia, Mihaljica et al. [105] detected, for the first time 
in 2012, B. canis in D. reticulatus (21.5%) and Haema-
physalis concinna (8.5%) from vegetation by using PCR 
and sequencing, at the localities of Pančevački Rit, 
Titov Gaj, Makiš, PKB and Kljajićevo. A similar find-
ing was reported the following year by Tomanović and 
colleagues [106] (Table  1). Subsequently, Potkonjak 
et  al. [107] detected B. canis in 33.3% of examined D. 
reticulatus ticks from dogs in Novi Sad using PCR and 
sequencing. Meanwhile, Sukara et  al. [108] identified 
B. canis DNA in six females of I. ricinus collected from 
golden jackals at three localities (Smederevska Palanka, 
Surčin, Veliko Gradište) and in one female and seven 
males of D. reticulatus from three localities (Sme-
derevo, Surčin, Titel) (Table 1). In addition to the detec-
tion of B. canis in ticks within Serbia, it is noteworthy 
that Davitkov et  al. [109] reported the first identifica-
tion of B. gibsoni in two Rh. sanguineus s.l. ticks (4.1%) 
using the PCR–restriction fragment length polymor-
phis (RFLP) method in 2016 (Table  1). These authors 
also noted that 14.2% of the samples lacked a restriction 
site for any of the enzymes used, effectively ruling out 
the presence of species such as Babesia rossi, B. vogeli, 
and B. microti-like and thus indicating a high likelihood 
of B. canis presence. Also, they reported the detection 
of Babesia spp. in ticks collected from asymptomatic 
dogs in three Belgrade municipalities (Savski venac, 
Novi Beograd and Zemun), with an overall prevalence 
rate of 18.3%. The prevalence proportions of Babesia 
spp. were 44.4% for D. reticulatus, 12.9% for Rh. san-
guineus s.l. and 11.1% for I. ricinus [109].

Anaplasma ovis was found in questing ticks collected 
by Sukara et  al. from localities in the northern part of 
Serbia in the period 2007–2009 [108]. These authors used 
the PCR method and subsequent sequencing (Table  1), 
reporting that the prevalence of A. ovis in Hae. concinna 
ticks was 20%, increasing up to 50% in Hae. punctata 
ticks, and that in I. ricinus, this pathogen was present in 
29.6% of analysed ticks. .

Hepatozoon canis has been confirmed in I. ricinus ticks 
collected from dogs [107]. Since I. ricinus is not consid-
ered to be a competent vector for H. canis, the authors 
suggested that the tick became infected through a blood 
meal. The presence of H. canis DNA was also detected 
in Rh. sanguineus s.l., a tick species recognised as a com-
petent vector, when a positive tick was removed from 
a dog [110]. Non-zoonotic pathogens from the genus 
Anaplasma have been described several times in Serbia 
in the last decade. Anaplasma marginale was identified 
by Sukara and colleagues in 6.4% D. reticulatus ticks 

collected from golden jackals in Surčin and Smederevo 
localities between 2010 and 2013 [108] (Table 1).

Companion animals
Although the clinical description of babesiosis in ani-
mals in Serbia has been known since the nineteenth 
century, and the first microscopic identification of piro-
plasm in dogs’ blood dates back to 1953, awareness of 
the importance of babesiosis in dogs occurred only in 
the 1980s with the development of more intensive diag-
nostic methods as well as follow-up programmes and 
investigations of Babesia species [111–113]. Thirty years 
ago, babesiosis was recognised as a prevalent canine dis-
ease in Serbia [113]. Since then, extensive research has 
been conducted on dog populations to detect and char-
acterise Babesia species, as evidenced by the significant 
number of publications. In a comprehensive 5-year-long 
study (1997–2001) involving 3945 pet dogs with clinical 
symptoms (anaemia, haemoghlobinuris, fever, paleness) 
or tick infestation, all from the Belgrade area, Pavlović 
et  al. [104] found that the prevalence of B. canis was 
74.1% using microscopic examination of stained blood 
smears. In a subsequent study and applying methodology 
similar to that of their previous research, Pavlović et  al. 
[114] observed a significantly lower prevalence of 34.9%. 
Savić et  al. [115] reported the presence of Babesia spe-
cies in 11.7% of dogs in the Vojvodina region (northern 
Serbia) in 2012, with an increase to 12.5% in 2013, using 
microscopic examination of stained blood smears. Dav-
itkov et al. [116] conducted a study (period 2012–2014) 
in Serbia using sequencing and confirmed the presence 
of B. canis and B. gibsoni in symptomatic dogs exhibiting 
clinical findings of babesiosis for the first time (Table 2). 
These authors considered both cases to be autochtho-
nous infections because the dogs were born in Serbia 
and had never been taken abroad. In a study conducted 
in 2018, Kovačević-Filipović et al. [117] found that 13.5% 
of clinically healthy dogs residing in suburban and rural 
areas of Belgrade municipalities tested positive for B. 
canis using PCR, with 2.7% of dogs positive for B. gibsoni. 
Interestingly, in their cross-sectional survey on dogs, 
which was carried out during the period 2012–2014, 
Gabrielli et  al. [118] reported B. vulpes (10.1% of dogs), 
B. gibsoni (4.5%), B. vogeli (1.9%) and B. caballi (1.9%) but 
not B. canis. Regarding the spatial distribution, B. vulpes 
was exclusively found in Prokuplje, located in the south-
ern region of Serbia, and B. vogeli and B. caballi were 
exclusively detected in Pančevo, which is near Belgrade. 
Babesia gibsoni was identified in both of these cities 
[118]. Only a few seroepidemiological studies on babe-
siosis in dogs have been carried out in Serbia. Potkonjak 
et al. [119] found 26.1% B. canis seropositive dogs in Novi 
Sad, Vojvodina region (northern Serbia) using IFAT. Also 
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using IFAT, in the same region in 2015, Spasojević-Kosić 
et  al. [120] reported a slightly higher seroprevalence of 
32.7% based on their detection of seropositive hunting 
dogs with the same methodology. In 2018, in the Belgrade 
region, Kovačević-Filipović et al. [117] reported different 
findings, noting that 51.4% of dogs were seroreactive to 
B. canis, 12.6% to B. gibsoni and 52.3% to B. vogeli using 
the IFAT. Janjić et al. [120] demonstrated a bimodal sea-
sonal distribution of canine babesiosis, characterised by a 
significant peak in the spring and a less prominent one in 
the autumn. In 2020, Potkonjak et al. [122] reported that 
B. canis is endemic in Serbia, with frequent local trans-
mission and a high expected frequency of clinical disease 
in dogs, and they also mentioned that B. gibsoni and B. 
vogeli have rare local transmission, affecting risk areas 
with an intermediate expected frequency of clinical dis-
ease in dogs.

To date, no data on the presence of A. platys in animals 
are available, but this pathogen has been detected in dogs 
from Serbia through molecular and serological analysis. 
The study by Ilić Božović and colleagues [123] from 2018 
reports the molecular detection of the pathogen in one 
dog, while specific antibodies against A. platys were also 
detected by the SNAP assay (SNAP® M-A; IDEXX Labo-
ratories, Inc., Westbrook, MA, USA) in one dog out of 
111 animals, with a prevalence of 0.9% [117].

The clinical significance of H. canis infection in dogs 
was demonstrated in 2023 by Sukara and colleagues 
[124] when these researchers confirmed hepatozoonosis 
in an 8-year-old Miniature Schnauzer, while a 4-year-
old mixed breed male dog with clinical symptoms was 
proven to be co-infected with H. canis and E. canis.

Livestock
Over the years, research findings have highlighted the 
significant role of non-zoonotic Babesia species in vet-
erinary medicine. In their molecular survey, published 
in 2016, Davitkov et  al. [58] identified a prevalence of 
1.1% for B. caballi in 94 apparently healthy horses. In 
2022, Pavlović et  al. [125] claim to have detected B. 
bigemina and B. bovis in 3.6% and 5.7%, respectively, 
of the tested cattle using microscopic examination of 
stained blood smears. As these findings were not con-
firmed by molecular tests, they should be considered 
with caution (Table  3). The first report of theileriosis 
in this region dates back to 1924, when T. hirci (lesto-
quardi) was detected in goats, sheep and cattle in the 
area of present-day North Macedonia, which at that 
time belonged to the Kingdom of Serbs, Croats and 
Slovenes [126]. Almost 100 years later, the second case 
of theileriosis in cattle was described by Pavlović and 
Dimitrijević in 2020 [127] on the territory of present-
day Serbia. This pathogen was identified as T. annulata 

using stained blood smears. In another study, Theileria 
annulata was detected in 1.4% of blood samples taken 
from cattle with clinical signs of theileriosis using light 
microscopy examination of stained blood smears. A 
total of 572 animals from 61 villages (Kolubara, Mačva, 
Braničevo, Podunavlje and Zaječar districts in Serbia) 
were included in the study [125]. Molecular epizooti-
ology studies on Theileria spp. are relatively recent. In 
blood samples from horses and donkeys, T. equi was 
identified in 26/84 horses, while Theileria caballi was 
not confirmed in any of the tested horses from the 
Serbian region. The prevalence of T. equi detected in 
horses was 27.7% [58] (Table  3). In a follow-up inves-
tigation involving 70 apparently healthy donkeys (from 
the localities of Zasavica, Stara Planina and Kovilj), 
Davitkov and colleagues [128] documented a total 
prevalence of T. equi infection of 50% using PCR and 
sequencing. In the 2018 study of Vasić et  al. [129], 
Theileria spp. was detected in cattle with a prevalence 
of 3.7%. PCR products were sequenced and identified 
with 100% identity with GenBank entries from Italy (T. 
sergenti), China (Theileria spp.) and Korea (Theileria 
buffeli isolate HS252). In 2022, Pavlović and colleagues 
[125] reported cases of anaplasmosis in 11.9% of milk 
cattle in the Beljanica mountains.

Wild animals
Two papers have been published reporting the presence 
of Babesia species in wild animals. Sukara et  al. [108], 
in a recent study investigating the reservoir potential of 
golden jackals and their roles in enzootic cycles in Ser-
bia, detected B. canis DNA in 4.2% of spleen samples 
(Table 4). Juwaid et al. [130] documented the presence of 
B. vulpes (28.7%) and B. canis (0.8%) in red foxes using 
molecular biological methods.

In 2014, Duscher et al. [131] reported for the first time 
H. canis in Serbia in samples from golden jackals (Canis 
aureus). The liver or skeletal muscle tissue of 206 golden 
jackals was screened by PCR, and 67.5% of analysed ani-
mals tested positive. The presence of H. canis was sub-
sequently confirmed in the blood of a clinically healthy 
dog in Niš (southern Serbia) [118]. More recent studies 
on wild canids revealed a high prevalence of the patho-
gen in analysed spleen samples from red foxes (Vulpes 
vulpes) and grey wolves (Canis lupus). A total of 61.2% 
of analysed foxes [130] and 57.9% of analysed wolves 
[132] tested positive. The results of a recently published 
study (2024) have also identified the presence of H. canis 
in small rodents. Using PCR followed by sequencing, the 
DNA of H. canis has been detected in one Apodemus fla-
vicolis (0.9%) mice representing first finding of H. canis in 
small rodents worldwide [133].
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Conclusions
This study encompasses nearly a century, from initial 
investigations with early descriptions of piroplasms and 
anaplasmas to current research mostly concentrating 
on the molecular identification of TBDs. Data on TBDs 
in the WBs are intrinsically linked to historical events 
resulting from border alterations following the First and 
Second World Wars, as well as the establishment of new 
states, such as the Kingdom of Yugoslavia, followed by 
the Federative People’s Republic, the Socialist Repub-
lic of Yugoslavia and ultimately the disintegration of 
Yugoslavia.

Given the significance of TBDs in ruminants, system-
atic data collection was established with the primary 
objective of mitigating substantial economic losses and 
enhancing animal output more than a century ago. Sur-
veillance of pathogens and descriptions of Babesia, Thei-
leria and Anaplasma served as foundational elements 
for the implementation of control strategies. One of the 
most important of these early findings was that indige-
nous cattle and sheep exhibited a greater resistance due 
to their adaptation to piroplasms, while imported ani-
mals developed significant clinical symptoms, followed 
by succumbing to piroplasmosis. The early descriptions 
of Babesia and Theileria species in cattle regarding mor-
phological specificity were likely incorrect as currently 
only three species—T. orientalis, Anaplasma bovis and A. 
marginale—have been documented in cattle in the WBs. 
The descriptions of T. mutans, T. dispar or T. parva pos-
sibly correspond to the already recognised T. orientalis in 
cattle from Croatia, Serbia and Bosnia and Herzegovina. 
The presence of species such as Babesiella bovis, B. maior 
n.sp., B. berbera and P. bigeminum remains uncertain.

Comprehensive molecular investigations across the 
WBs are essential to explore the potential variety of 
TBDs, particularly in southern Serbia and North Mac-
edonia, as also observed a century ago. Overall, studies 
on TBDs in cattle in the WBs are inadequate and fail to 
provide an accurate assessment of their prevalence or 
significance. The circumstances closely resemble current 
understanding of TBDs in small ruminants. Aside from 
the molecularly confirmed examples of A. ovis in Croatia 
and B. ovis in Bosnia and Herzegovina in sheep, system-
atic research is lacking, despite the strong likelihood that 
the causal agents are present throughout the WBs. It is 
noteworthy that there is a complete absence of data on 
pathogens in goats.

The old descriptions of piroplasms in horses are accu-
rate; however, the official terminology has been updated 
(P. caballi is now B. caballi, and N. equi is now T. equi). 
A few recent studies have confirmed the coexistence of 
both T. equi and B. caballi, along with the identification 
of two entirely novel genotypes of T. equi in Croatia. 

Despite the disease being documented and objectively 
verified a century ago, there remains a shortage of molec-
ular research to ascertain genetic variation in this region.

Unlike studies on ruminants and horses, there is a sig-
nificantly larger body of research on dogs, which clearly 
highlights the evolving relevance and role of pets in com-
parison to livestock. Studies on canine piroplasm species 
revealed the first identification of B. vulpes (T. annae) 
outside of Spain. Most investigations have identified B. 
canis as the predominant pathogenic species due to its 
pathogenicity and distribution. The number of molecu-
lar studies has resulted in the detection of dog-specific 
B. canis, B. vogeli, B. gibsoni and  B. vulpes, but also of 
non-host-specific T. equi and B. caballi. It would there-
fore appear that current knowledge of dog piroplasm 
species is sufficient. Comprehensive research on dogs has 
facilitated the identification of H. canis, E. canis and A. 
platys; however, the distribution and prevalence in cer-
tain regions require further investigation. All dog TBDs 
identified in other parts of Europe have been verified in 
the WBs.

With regard to wild animals, it is noteworthy that the 
majority of research has focused on wild canines and 
carnivores, with only one study having documented 
non-zoonotic tick-borne microorganisms in artiodactyl 
species and wild felids. The likely reason for this lack of 
data is that scientific interest has predominantly focused 
on detecting animal reservoirs of zoonotic tick-borne 
microorganisms, rather than on non-zoonotic ones. 
Descriptions of H. silvestris, H. martis and C. europaeus 
have demonstrated the diversity of tick-transmitted spe-
cies. Moreover, studies detecting B. canis, B. vulpes and 
H. canis have suggested the significance of wild canines 
as reservoirs for domestic animals.

With the exception of a few studies detailing B. canis, 
A. ovis and H. canis in questing ticks, the majority of 
research has focused on TBPs in ticks collected from 
hosts.

Babesia divergens and Anaplasma phagocytophilum 
were excluded from this review due to their established 
zoonotic potential, while E. canis was included because 
its ability to infect humans is not well-understood. 
Recent evidence suggests that certain E. canis genotypes 
may have zoonotic potential, with cases predominantly 
reported in the Americas [134, 135]. Therefore, the inclu-
sion of E. canis in the review reflects the need for fur-
ther investigation into its potential risk to human health, 
especially in areas where R. sanguineus is widespread.

Comprehensive research is essential in the WBs due 
to the extensive historical migrations of both humans 
and animals, coupled with a lack of current studies. It 
is crucial to highlight that all WB countries have estab-
lished national animal disease monitoring programmes, 
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as mandated by the EU. However, there are no national 
monitoring systems for TBDs, despite their significance, 
particularly in the context of climate change and altera-
tions in outdoor animal husbandry and traditional small 
ruminant breeding. In contrast to the previous compre-
hensive monitoring systems for TBDs in ruminants and 
horses, these diseases are currently unreported, with the 
categorisation of neglected diseases, a situation we con-
sider to be fully unjustified. Research on zoonotic infec-
tions and those ’potentially’ zoonotic appears to be more 
attractive; nonetheless, we believe that non-zoonotic 
VBDs in the WBs warrant more attention due to their 
significance and potential impact on biodiversity.
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