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Simple Summary: In addition to infecting domestic dogs, Hepatozoon canis affects a large number of
wild canids, such as foxes, jackals, and wolves, that can serve as reservoirs for this pathogen. In this
study, we focused on the prevalence of H. canis, its genetic diversity, and its distribution in golden
jackals on the territory of Serbia. At the same time, this is the first study in which a high genetic
diversity of four sequence types (S4-57) of H. canis has been found in golden jackals. In addition, a
high prevalence rate was found, with 78.95% of animals testing positive for H. canis. Genetic analysis
revealed variability at four positions, resulting in four different sequence types in golden jackals.
Animals can become infected through the ingestion of infected ticks or by consuming infected prey,
as well as transplacentally, from mother to offspring; what it could testify to 6/15 positive juvenile
jackals. Additional research is crucial for elucidating transmission mechanisms, pinpointing potential
sources of infection, and comprehending the ramifications of this pathogen for wild carnivores.

Abstract: Hepatozoon canis is a protozoan tick-borne parasite infecting domestic and wild canids,
including foxes, wolves, and jackals. It is mainly found in dogs but has also been detected in several
wild carnivores, including foxes, wolves, and jackals. Host transmission primarily occurs through
the ingestion of infected ticks, typically Rhipicephalus sanguineus, with documented instances of
transplacental transmission from infected females to cubs. In Serbia, the golden jackal is common
throughout the country, and its population has increased in recent years. Previous research has
documented the presence of several vector-borne pathogens in the jackal population in Serbia, so
we conducted this study to determine the presence, prevalence, and genetic variability of H. canis.
Over eleven years (2010-2020), 114 animal samples were collected from 23 localities in Serbia. A
total of 90/114 (78.95%) jackals were positive for H. canis, and they came from 22 localities. Among
15 juveniles, almost half (6/15 (40%)) tested positive for H. canis. In addition to the high prevalence,
high genetic variability of the pathogen was also found. According to the mutated positions, four
sequence types (54-S7) of H. canis were determined. Based on our earlier research on the grey wolf
and on this study, it can be observed that various sequence types of H. canis circulate within wild
canid populations in Serbia. The prevalence of H. canis infection in wild carnivores raises significant
concerns for wildlife conservation and animal health. Infected animals may act as reservoirs for the
disease, posing a potential risk to domestic animals by acting as a source of infection.

Keywords: golden jackal; Hepatozoon; Serbia; Canis aureus

1. Introduction

The golden jackal (Canis aureus Linnaeus, 1758) is currently considered one of the
most thriving mesocarnivore species, and its population has undergone significant range
expansion in the last several decades. Although its native distribution was originally
restricted to southern Asia, as well as southeastern Europe, today, golden jackals can
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be found throughout the entirety of eastern and central Europe and their territory is
rapidly expanding towards western and northern Europe [1-3]. However, the Balkan
Peninsula is often considered a center of species distribution, where the golden jackal
represents the second most common canid species [1,4]. Previous studies have suggested a
wide range of factors influencing jackal territory expansion, among which the increased
availability of food waste from humans, significant land-use changes, climate change, and
the absence of wolves are often considered the most important [5]. Therefore, due to their
high adaptability and opportunistic diet, jackals are capable of successfully exploiting a
wide variety of habitats, including human-modified ecosystems [6]. Moreover, according to
population densities, it has been shown, especially in the Balkans, that agricultural land is
often the jackal’s preferred habitats [7]. In Serbia, jackals, as opportunists, have increased in
number and are present on almost the entire territory. The population density is extremely
high in the lowland areas, while it is much lower in the mountainous areas.

Although several studies have shown the jackal’s importance as a vector-borne
pathogen reservoir [8,9], its epidemiological role remains poorly understood. Consid-
ering their significant territory expansion and ability to move over long distances within
highly human-modified landscapes [5], jackals may represent potential reservoir hosts for
several vector-borne pathogens.

Hepatozoon species, belonging to the apicomplexan parasite group, have the ability to
infect a diverse range of animal species, including canids [10-13]. The species primarily
found in the family Canidae is Hepatozoon canis. Its life cycle includes an invertebrate
hematophagous vector as the final host and vertebrate hosts, including domestic dogs
and wild canids, as intermediate hosts. The Rhipicephalus sanguineus tick is considered the
primary vector of H. canis [14]. The pathogen has also been detected in other tick species,
such as Ixodes ricinus, Ixodes canisuga, Ixodes hexagonus, Ixodes ventalloi, and Dermacentor
reticulatus [15]. However, the role of these tick species in H. canis transmission is not
clearly understood. A tick becomes infected during a blood meal when it ingests the
gamont parasite. After ingestion, the gamonts develop into oocysts in the tick’s intestine.
The oocysts mature and release sporozoites that migrate into the tick’s salivary glands.
This infection survives throughout the developmental stages of the tick (larva, nymph,
and adult) [11]. Vertebrates are infected by ingesting ticks containing mature oocysts of
Hepatozoon species. Transplacental transmission of H. canis is also documented [16-18].
It is assumed that H. canis might be transmitted to domestic dogs from its wild canid
relatives [11]. Considering that, in human-modified environments, jackals often approach
human settlements, the interaction between domestic and wild canids may represent a
particular level of risk concerning the emergence, spread, and maintenance of pathogens [9].
Therefore, golden jackals may play an important role in the epidemiology of diseases such
as hapatozoonosis among European canids. However, the likelihood of H. canis infection
in domestic dogs and wild canid populations can vary considerably, as they are found in
different habitats where they may be exposed to a different spectrum of hematophagous
vectors but also have different levels of susceptibility to the pathogen [19].

The importance of this study lies in the fact that it shows the golden jackal as a
potential reservoir for H. canis and the possibility of the pathogen spreading to domestic
and wild canids. The jackal population in Serbia is expanding both in size and range, and it
is expected that this trend will continue in the coming years. Therefore, our main objective
was to investigate the prevalence and genetic variability of H. canis infection in golden
jackals in Serbia. Furthermore, we have analyzed the evolutionary relatedness of H. canis
isolated from different host species in Serbia.

2. Material and Methods
2.1. Study Area and Sampling

During a period of eleven years (2010-2020), spleen samples from golden jackals (Canis
aureus) were collected in cooperation with hunting associations in Serbia. Legally killed
animals were dissected in the field, and, for the purpose of this study, the spleens of the
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golden jackals were collected. For each specific animal, information on the date of shooting,
sex, age, and collection location was noted. After dissection, the samples were transported
in portable freezers to the Faculty of Biology, University of Belgrade, where they were
stored appropriately at a temperature of —20 °C until further analysis.

2.2. Molecular Detection and Characterization of H. canis

A small amount (up to 10 mg) of the golden jackal spleen samples was subjected to fur-
ther processing. Samples were individually homogenized and underwent DNA extraction
using the Gene Jet Genomic DNA Purification Kit (Fermentas, Thermo Fisher Scientific,
Waltham, MA, USA). For H. canis detection, we amplified a 666-bp fragment of the 185
rRNA gene, using the set of primers HepF_for (5'-ATACATGAGCAAAATCTCAAC-3')
and HepR_rev (5'-CTTATTATTCCATGCTGCTGCAG-3') [20], via conventional PCR. The
reaction mix contained 24.75 pL nuclease-free water, 10 ul. 5 X Green Reaction Buffer
(7.5 mM MgCly; pH 8.5), 1 uL dNTPs (10 mM), 0.250 pL Taq polymerase (5 u/uL, Go-
Taq G2 DNA Polymerase, Promega Corporation, Madison, WI, USA), 4 uL HepF_for
primer (10 pmol/uL), 4 uL HepR_rev primer (10 pmol/uL), and 6 puL template DNA. Am-
plification conditions included initial denaturation at 95 °C for 2 min, then 40 cycles of
denaturation at 95 °C for 1 min, annealing at 56 °C for 1 min, elongation at 72 °C for 1 min,
and final elongation at 72 °C for 5 min in Eppendorf 5333 MasterCycler Thermal Cycler
(Eppendorf, Hamburg, Germany) [21]. After electrophoresis, samples were visualized on
a 2% agarose gel. Representative samples positive for H. canis were selected for further
sequencing. The preparation of samples was performed using the above mentioned pro-
tocol for amplification of 666-bp fragment of the 185 rRNA gene, using a set of primers
HepF_for and HepR_rev in 50 pL amplification volume. Electrophoresis was performed
on a 2% agarose gel for all samples to evaluate success of amplification. Samples were
sent for Sanger sequencing by a commercial service, Macrogen Commercial Laboratory in
Amsterdam (The Netherlands). Initial sequence analysis was performed using the FinchTV
(version 1.5.0) program.

2.3. Phylogenetic Analysis

The present study included all obtained 18S rRNA gene sequences, together with
all sequences from Serbia, available in the GenBank (National Center for Biotechnology
Information, http://www.ncbinlm.nih.gov/BLAST, accessed on 23 April 2024). One
dataset of 77 H. canis 185 rRNA gene sequences, 35 obtained in this study and 42 previously
published, was subjected to phylogenetic analysis. Sequence alignment was performed
using the Clustal W algorithm implemented in MEGA X software [22] (Supplementary
Table S1). Aligned sequences were manually inspected and edited to obtain optimal
alignment with the maximum number of available sequences. The best-fit nucleotide
substitution model for aligned sequences was determined by jModeltest 2.1.4 software,
using all 88 proposed models [23]. The phylogeny was assessed using maximum likelihood
inference implemented in MEGA X software [22]. The phylogeny was assessed using two
different algorithms, including Bayesian and maximum likelihood inference. The Bayesian
analysis was carried out by applying a Markov chain Monte Carlo (MCMC) run for 5 x 10°
generations with a sampling frequency of every 5000 generations and a burn-in of 25%,
implemented in MrBayes 3.1.2 [24]. For maximum likelihood tree reconstruction, MEGA X
software was used [22]. Sanger sequence editing, assembly, and generation of consensus
sequences were conducted in FinchTV.

2.4. Statistics

For statistical analysis, the golden jackal samples were divided into three subpopula-
tions, the northern subpopulation, the western subpopulation, and the eastern subpopula-
tion, depending on the location of the Sava and Danube rivers and the Great Morava and
South Morava rivers, which form the border between these three regions (Figure 1). Briefly,
ten localities were placed in the northern part, five localities in the western part, and eight
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localities in the eastern part of Serbia. Data were analyzed using R Software (version 4.2.2),
with a significance level p < 0.05. The chi-squared test was employed to explain the differ-
ences in pathogen prevalence between sexes and ages (adults and juveniles). Jackals were
classified according to their age into juveniles (<10 months) and adults (>11 months). We
used the G-test to explain the difference in prevalence between the three defined regions.
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Figure 1. Distribution of golden jackal samples across Serbia’s regions. The country is delineated
into three regions—northern, eastern, and western—by the Sava, Danube, Great Morava, and South
Morava rivers. The pie charts show the distribution of sequence types 54-57 in the northern (top),
western (left), and eastern (right) parts of Serbia.

3. Results
3.1. Demographic Characteristics and Regional Distribution of Sampled Golden Jackals

The golden jackals included in the study were sampled from 2010 to 2020 across
twenty-three locations covering their distribution range in Serbia (Figure 1). A total of
114 spleen samples were collected, consisting of 50 females and 64 males. Among these,
15 (13.16%) were juveniles (3—7 months old) and 99 (86.84%) were adults (1+ year old). The
sex ratio was 43.86% females and 56.14% males. The presence of H. canis was detected in
78.95% of the animals, with the prevalence higher in older animals. There was no significant
difference in prevalence between sexes.
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Infected animals were found in twenty-two out of twenty-three localities, with varying
prevalence, ranging from 40% to 100% (Table 1). There was no statistical significance in preva-
lence between the northern (68.9%), western (95.6%), and eastern (84.8%) subpopulations.

Table 1. Distribution of golden jackal (Canis aureus) samples based on sampling locality, gender, and
prevalence of Hepatozoon canis.

Region Locality (No. of Collected Samples) H. canis-Positive
Male Female
Kovin (3) 2/3 (66.6) 0/0 (0)
% Titel (1) 1/1 (100) 0/0 (0)
5 Suréin (29) 10/13 (76.9) 11/16 (68.8)
3 Bac (5) 1/3(33.3) 1/2 (50)
- Palilula (2) 0/1 (0) 1/1 (100)
e Pecinci (13) 7/9 (77.7) 3/4 (75)
E Pancevo (1) 0/1(0) 0/0 (0)
& Sid (2) 1/2 (50) 0/0 (0)
S Ruma (1) 1/1 (100) 0/0 (0)
Zemun (1) 1/1 (100) 0/0 (0)
Total * (%) 40/58 (68.9) 24/35 (68.57)  16/23 (69.57)
Z Barajevo (1) 0/0 (0) 1/1 (100)
Z % Lazarevac (2) 1/1 (100) 1/1 (100)
20 Smederevo (10) 3/3 (100) 7/7 (100)
53| E Velika Plana (5) 2/2 (100) 3/3(100)
= Cajetina (5) 3/4(75) 1/1 (100)
Total * (%) 22/23 (95.6) 9/10 (90) 12/13 (92.30)
Veliko Gradiste (23) 11/14 (78.5) 8/9 (88.8)
Golubac (1) 1/1 (100) 0/0 (0)
Z Svilajnac (4) 2/2 (100) 1/2 (50)
50 Razanj (1) 0/0 (0) 1/1 (100)
592 Zajetar (1) 1/1 (100) 0/0 (0)
S Aleksinac (1) 0/0 (0) 1/1 (100)
Nis (1) 1/1 (100) 0/0 (0)
Bela Palanka (1) 1/1 (100) 0/0 (0)
Total * (%) 28/33 (84.8) 17/20 (85) 11/13 (84.62)
z 90/114 (78.95) 51/64 (79.69) 29/50 (58)

*—x/n, where x refers to the number of positive samples and n to the total number of samples.

3.2. Genetic Variability of H. canis

Sequencing analysis revealed variability in the H. canis sequences detected in jackals,
with four distinct sequence types identified. The obtained PCR products were 666 bp
in length on a 185 rRNA gene fragment (Supplementary File, Figure S1). A total of
35 representative PCR-positive samples (32 from adult animals and 3 from juveniles) were
sequenced. All the obtained sequences were trimmed to remove primer sequences and
low-quality regions prior to sequence analysis. Sequences that met quality standards
(query coverage > 90% and identity > 99% with H. canis) were deposited in GenBank
(PP711216-PP711250).

Initial analysis of the dataset showed variability in H. canis sequences at three positions
in jackals, allowing the identification of four sequence types (54-57). These sequences
were analyzed alongside previously published sequences from Serbia, including those
from wolves, foxes, dogs, Apodemus flavicollis mice, and Rhipicephalus sanguineus ticks.
The combined dataset of 77 H. canis 185 rRNA gene sequences (35 from this study and
42 previously published) was subjected to phylogenetic analysis (Figure 2a). The alignment
length was 567 bp, with all variable positions included (Table 2). All sequences retrieved
from GenBank were from various animal species in Serbia (2010-2020, Supplementary
Table S1).
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Figure 2. (a) Maximum-likelihood phylogenetic tree constructed using 77 18S rRNA fragment gene
sequences of H. canis. The tree was rooted with corresponding sequences of H. felis. Bootstrap
values > 50 were shown. Numbers at the nodes indicate bootstrap support. Newly detected se-
quences were framed in orange. (b) Bayesian phylogenetic tree constructed using 77 18s rRNA
fragment gene sequences of H. canis. The tree was rooted using four sequences of Hepatozoon fe-
lis (0OQ931338, OL852087, MZ475977, and MZ475980). Numbers at the nodes indicate posterior
probabilities. Newly detected sequences are labeled in orange.

The analysis revealed four sequence types (54-57) in jackals (Figure 2a, Table 2). We
implemented sequence types derived from a prior investigation in wolves [21], wherein
pathogen genetic diversity was notably elevated (S1-S5), subsequently identifying that 54
and S5 align with sequence types observed in jackals. Of the sequences identified, 14/35
(40%) were S4, 16/35 (45.7%) were S5, 3/35 (8.57%) were S6, and one was S7. Regionally,
19 sequences were from northern Serbia, 8 from western Serbia, and 8 from eastern Serbia.
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All sequence types were present in the north, three (54, S5, S6) were present in the east, and
two (54, S5) were present in the west. S5 was predominant in the northern and western
regions, while S4 dominated in the east (Figure 1).

Table 2. Alignment of partial sequences of 18S rRNA gene (567 bp) and position of variable sites.

Sequence Position of the Variable Site
Type 85 bp 549 bp 550 bp
Consensus A T A
S4 G
S5 A
S6 C
S7 G

Abbreviation. T—thymine, A—adenine, G—guanine, C—cytosine.

The mean nucleotide distance of all sequences included in the study was 0.34% (range
from 0 to 0.107%), while the nucleotide distance among H. canis sequences isolated from
jackals was 0.12% (range from 0 to 0.34%) and from wolves was 0.32% (range from 0 to
0.86%). Maximum likelihood and Bayesian inference phylogenetic analyses of all sequences
included in the study gave mostly congruent results (Figure 2a,b). Phylogenetic analysis
revealed three large clusters (Figure 2a). The first clade (29/77, 37.66%) was heterogeneous,
including sequences from grey wolves, red foxes, and jackals, and one from A. flavicollis,
all S4. The second cluster (24/77, 31.17%) was diverse, containing sequences from grey
wolves, jackals, and one R. sanguineus tick, predominantly S5, with three jackal sequences
classified as S6. The third clade (21/77, 27.27%) was monophyletic, consisting of grey wolf
sequences, mostly S2, with three S1. Three sequences did not fit into these clusters and were
classified as S3, S7, and S8. Of note, the only exception between two phylogenetic trees was
observed in the position of one sequence originating from a wolf (acc. no. OP012798). In a
maximum-likelihood phylogenetic tree, this sequence was identified as the S3 sequence
type, while in a Bayesian tree, it was classified into the 54 sequence type.

4. Discussion

In recent years, Hepatozoonosis, as a tick-borne disease, has shown increasing trends
in canids all over the world. The tick R. sanguineus is recognized as the primary vector
responsible for transmitting H. canis [14]. Additionally, this pathogen has been identified in
other tick species, including I. ricinus, 1. canisuga, 1. hexagonus, 1. ventalloi, and D. reticula-
tus [15]. It is noteworthy that all the mentioned tick species have been identified in Serbia,
together with the different pathogens that they can transmit [25-29]. We hypothesized that
jackals could play a significant role in the transmission of vector-borne diseases in different
ecosystems. Previous studies have revealed a high prevalence and genetic variability of H.
canis in red foxes and grey wolves in Serbia [21,30]. In the present study, we investigated
the presence of Hepatozoon spp. in the golden jackal population in Serbia using molecular
methods. Our results show a notably high prevalence of H. canis in golden jackals, with
~80% of animals being positive. This study also offers insights into the detailed genetic
variability of this pathogen and its evolutionary relationships with other Serbian strains
derived from the database.

The highest prevalence was seen in the western region (95.6%), followed by the eastern
(84.8%), and the northern region (68.9%). The high prevalence in the western and eastern
regions can be explained by the fact that the distribution areas of jackals and wolves in
Serbia overlap in these regions. The former study, which investigated the rate of infection
by H. canis in golden jackals in south-eastern and central Europe, showed a relatively high
prevalence of this parasite (60.6%) [31]. Most of the samples (206/311) tested in this study
originated from Serbia, with a prevalence of 67.5%, which could indicate that jackals could
be an important potential reservoir host for H. canis in natural habitats.
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In Serbia, a relatively high dispersion of H. canis was observed in different animal
species, including the ticks I. ricinus [27] and R. sanguineus [32], dogs [33,34], red foxes [30],
wolves [21], and A. flavicollis mice [35]. A high prevalence of H. canis was detected in
golden jackals in Europe [33,36], as well as in wolves in Serbia (57.94%) [21], Germany
(46%) [37], and Italy (75.8%) [38]. Compared to wolves and jackals, the prevalence found in
red foxes varied significantly among European countries, being highest in Spain (100% and
91%) [39,40], Germany (77.6%) [41], Portugal (75.6%) [42], Serbia (61.2%) [30], and Austria
(58.3%) [31]. Compared to jackals, previous studies registered a low prevalence of H. canis
in domestic dogs (1.81%; 20.42%; 18.18%) [34,41,43] and cats (1.7%; 0.51%) [44,45].

Almost half of the juveniles (6 out of 15 individuals) tested in this study were positive
for H. canis, suggesting that jackals can become infected at a young age, probably when they
groom their fur and accidentally ingest an infected tick [46]. As already known, H. canis can
be transmitted to dogs and other canids through the ingestion of an infected tick [11,14]. In
addition, a high percentage of positive juveniles may also indicate a possible transplacental
transmission from mother to offspring, which has already been described [16-18]. This
vertical transmission route highlights the important role of the female that infects their
offspring in an intrauterine manner.

Herein, phylogenetic analysis was performed to analyze the genetic variability of
H. canis strains from jackals and to assess relatedness among H. canis 18sSRNA sequences
retrieved from Gen Bank and newly acquired sequences. The results of our study show
a higher genetic diversity in the 185 rRNA gene sequences of H. canis originating from
wolves compared to those from jackals. These differences may be attributed to factors such
as host specificity and adaptation, host population dynamics, transmission dynamics, and
the geographical specificities of the region. The higher diversity could point to wolves as
primordial hosts sharing a longer evolutionary history of interaction with H. canis. The
geographic areal and overlapping of wolf and jackal populations in Serbia differ between
regions, leading to differences in exposure to different parasite strains or environmental
conditions that favor the transmission of the parasite. The phylogenetic tree revealed the
presence of three clusters. The vast majority of the sequences included in the study were
from autochthonous canid hosts (C. aureus, C. lupus, V. vulpes), and individual sequences
from R. sanguineus and A. flavicollis were also included. The first cluster contained 29
H. canis sequences detected in jackals, red foxes, wolves, and an A. flavicollis specimen,
all belonging to the sequence type S4. The second cluster contained a total of 24 H. canis
sequences from jackals and wolves and one sequence from an R. sanguineus tick, belonging
to the sequence types S5 and S6. Only sequences isolated from wolves, assigned to the
sequence types S1 and S2, formed the third monophyletic group. The sequence types S3, S7,
and S8 were extracted as separate sequences on the cluster. Previous studies in Serbia have
confirmed a high prevalence of H. canis in populations of red foxes (61.2%) [30] and grey
wolves (57.94%) [21], while the results of the present study also show a high prevalence of
H. canis in the population of golden jackals. These results could increase the risk of H. canis
spreading from the sylvatic cycle to urban areas. Despite this assumption, the S8 sequence
type (MZ930460), originating from a dog from Serbia [34], has not yet been detected in
analyzed wild canids. Further large-scale studies are needed to prove whether wild canids
can be the source of infection for domestic dogs, as very little data are available on the
prevalence of H. canis in domestic dogs.

The phylogeny of 185 rRNA H. canis sequences detected in jackals showed the presence
of four different sequence types (S4-S7) in conjunction with three variable sites, therefore
indicating the high genetic diversity of H. canis within the population of jackals in Serbia.
An interesting phenomenon is that sequence-type diversity was inversely proportional
to prevalence in these regions. The greatest diversity was found in the northern region,
where all four sequence types (54-S7) occurred, then the middle level of diversity was
found in the eastern region (54-56), and the least diversity was found in the western
region (S4-S5). Similar findings were observed in the wolf population in our region [21].
Five different sequence types (S1-S5) were detected in the wolf population, of which 54
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and S5 also occur in the jackal population in Serbia. The most frequent sequence type
of H. canis detected in jackals was the S5 sequence type, followed by the S4 sequence
type. According to the results of the phylogenetic analysis, the S4 sequence type was the
most widespread and it was present in all three autochthonous canids (C. lupus, C. aureus,
and V. vulpes) in Serbia. This sequence type was also found in H. canis isolated from
yellow-necked mice (A. flavicollis). With all this in mind, we assumed that 54 was a basic
sequence type, later diversified through a host change from the red fox to the jackal and
wolf. The second most common sequence type was S5, found in H. canis isolated from
jackals and wolves, as well as from the tick R. sanguineus. Based on these findings, it is
reasonable to propose that H. canis S4 and S5 sequence types were the most represented
in the studied population and the possible transmission route for these types could be
explained through predation. The natural prey of wolves in Serbia usually comprises
roe deer (Capreolus capreolus), wild boar (Sus scrofa), European hares (Lepus europaeus),
and small rodents [47]. A recent study showed the presence of H. canis in the spleens of
roe deer and chamois [15]. Compared to wolves, red foxes and jackals are omnivorous
and highly adapted to coexist with humans in anthropogenic environments [48]. In such
environments, the feeding habits of these species overlap to some extent, with small and
medium-sized mammals (such as rodents and lagomorphs) representing very important
food sources [6,49]. Accordingly, due to their diet, wild canids could become infected via
prey, previously proven in some Hepatozoon species [50-55]. Sequence types S1 and S2 were
represented in the third monophyletic cluster, which included only wolves. The finding
of the highest genetic diversity of pathogens in wolves is because the population only
declined due to organized poisoning after the Second World War, while the population
of jackals on the territory of Serbia almost disappeared due to the planned poisoning of
wolves [1]. After a period of stagnation, the jackal population began to increase in both
number and range, and, since the beginning of the 21st century, its territory has expanded
on a large scale [56,57]. It is estimated that the jackal population in Serbia today comprises
more than 20,000 individuals, present on over 70% of the country’s territory and likely to
expand further [58].

According to this study, the sequence types S1, S2, and S3 are characteristic only
for wolves, and S6 and S7 only for jackals. The 54 sequence is characteristic for all three
autochthonous canids in Serbia (V. vulpes, C. aureus, and C. lupus), and S5 is characteristic
for the genus Canis (C. aureus and C. lupus). Further studies on the genetic diversity of
H. canis in wild canid populations conducted in the larger geographic area could shed light
on the phenomenon of the associations of pathogen strains to different vertebrate hosts.
Previous studies have found a relatively low variability in H. canis, and it is still unclear
whether there is a relationship between specific genotypes and host species or whether
they circulate between different species [41]. The presence of identical pathogen genotypes
in different animal species indicates possible direct transmission or horizontal transmission
through these hosts [41,59].

5. Conclusions

Considering the limited data on H. canis in jackal populations, the results of this
study represent a significant contribution to the overall knowledge about its prevalence
and genetic diversity. The rapid territorial expansion of jackals, in combination with the
registered high prevalence of this pathogen, raises concerns about possible transmission to
both wild and domestic canids. Given the large number of infected puppies, the question
arises as to the significance of the transplacental transmission of this pathogen or the
accidental ingestion of ticks in young animals. Furthermore, the current study indicates a
close association and the possible occurrence of a common transmission pattern between
cohabiting populations of jackals and other wild canids: the red fox and the wolf. It is
necessary to further investigate the role of autochthonous canids in Serbia due to the
distribution of different sequence types of H. canis, to determine the pathways of pathogen
transmission through nutrition and niche overlap.
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