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Abstract: Species of Hepatozoon Miller, 1908 are vector-borne parasites that infect domestic and wild animals worldwide. Hepato-
zoon ursi Kubo, Uni, Agatsuma, Nagataki, Panciera et al., 2008 was reported from bears (Ursidae) in Japan and India. The present 
study represents the first report of infection with H. ursi in Turkish brown bears (Ursus arctos Linnaeus) by microscopic and molec-
ular analysis. Two dead brown bears were found in Uzundere and Pasinler districts of Erzurum. Blood and visceral organ (spleen and 
liver) samples were delivered to laboratory by the Nature Conservation and National Parks officers. Detected gamonts were evalu-
ated based on morphological features and confirmed as gamonts of H. ursi. The size of gamonts and parasitemia were 8.2 × 3.5 μm 
(6.9–8.7 × 3.0–3.9 μm; n = 12) and 0.6% (6/1000 leukocytes), respectively. The blood and visceral organ samples were positive for 
species of Hepatozoon by PCR targeting partial sequence of 18S rDNA. Sequence analysis of newly obtained sequences of H. ursi 
showed 98.8–100% identity with previously sequenced isolates of H. ursi. Sequences of H. ursi from Erzurum were identical to each 
other and showed 100% identity with isolates of H. ursi from ticks Ixodes ricinus (Linnaeus), Rhipicephalus turanicus Pomerantzev 
and Hyalomma marginatum Koch collected from two brown bears in Turkey (GenBank accession numbers MN463021, MN463022, 
MN905023). Analysis of partial sequences of the 18S rRNA gene of H. ursi showed that Turkish isolates differ in NT substitutions 
found at three different positions [72 (A→G), 537 (A→G) and 570 (A→T)]. This study provides morphological and molecular data of 
H. ursi infection in brown bears from two districts of Erzurum, Turkey. Further studies are needed to elucidate whether brown bears 
have any eco-epidemiologic importance in the life cycle of H. ursi in wildlife.
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Protists of the genus Hepatozoon Miller, 1908 (Adeleo-
rina: Hepatozoidae) have a heteroxenous life cycle includ-
ing a haematophageous invertebrate definitive host and a 
vertebrate intermediate host (Smith 1996). The presence 
of species of Hepatozoon in domestic and wild mammals, 
birds, reptiles, and amphibians have been reported world-
wide (Smith 1996, Baneth 2011). These parasites were 
identified in various wild animals worldwide (Uni et al. 
2003, Modrý et al. 2017, Lucas da Silva et al. 2018, Nimi-
sha et al. 2019, Otranto et al 2019). 

In Turkey, Hepatozoon canis (James, 1905) was report-
ed in foxes (Orkun and Nalbantoglu 2018) and Hepatozoon 
sp. in rodents (Usluca et al. 2019). There was no report of 
any Hepatozoon in brown bears until this study. However, 
DNA of Hepatozoon ursi Kubo, Uni, Agatsuma, Nagataki, 
Panciera et al., 2008 was found in the ticks Ixodes ricinus 
(Linnaeus), Rhipicephalus turanicus Pomerantzev and Hy-
alomma marginatum Koch collected from two brown bears 
in Turkey. Hepatozoon ursi was described from Japanese 
black bear (Ursus thibetanus japonicus Schlegel) by Kubo 

et al. (2008) based on morphological criteria and molecular 
studies. 

In the following years, this species has been reported 
from black bears in Japan and sloth bears in India (Ikawa 
et al. 2011, Pawar et al. 2011). In addition, an unidentified 
species of Hepatozoon in the Hokkaido brown bears (Ur-
sus arctos yesoensis Lydekker) (Kubo et al. 2010) and a 
novel Hepatozoon sp. in giant panda (Ailuropoda melano-
leuca David) in USA (Yu et al. 2019) were reported. By 
contrast, species of Hepatozoon were not found in Amer-
ican black bears (Ursus americanus Pallas) in the United 
States (Crum et al. 1978) and in European brown bears 
(Ursus arctos Linnaeus) in Sweden (Mörner et al. 2005). 

The brown bear (U. arctos) of the Ursidae is the largest 
carnivore in Turkey and occurs mainly in the Black Sea 
and Eastern Anatolia regions. The total bear population 
ranges between 3,400 and 4,000 in Turkey, and most of 
them occur in Eastern Anatolia (Ambarlı et al. 2016). 

The present study presents the first report of infection 
with H. ursi in Turkish brown bears (U. arctos) based on 
microscopical and molecular analysis.
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MATERIALS AND METHODS

Sample collection
Two dead brown bears were found in Uzundere and Pasinler 

districts of Erzurum (40.5363N, 41.5483E, northeastern Turkey) 
in 2017 and 2018, respectively. EDTA-anticoagulated blood sam-
ples and visceral organs were delivered to the Parasitology Labo-
ratory by Nature Conservation and National Parks officers. Blood 
samples of the first bear (found in Uzundere), and blood and vis-
ceral organs (spleen and liver) from the second bear (found in 
Pasinler) were evaluated. There was no information about the age 
and sex of the bears.

Microscopical examination
Thin blood smears were prepared, air-dried, fixed with metha-

nol and stained with Giemsa (5%). Giemsa-stained blood samples 
were examined by light microscope and photographed; the size of 
gamonts was measured using camera system (Nikon Eclipse Ci, 
Japan). Parasitemia was calculated by counting parasitised leuko-
cytes among 1,000 leukocytes. 

Molecular analysis
DNA extraction was performed from blood (first and second 

bear) and visceral tissue samples (second bear) by using a com-
mercial DNA extraction kit (G-spin Total DNA Extraction Kit; 
Intron, Seoul, Korea) according to the manufacturer’s instruc-
tions. The obtained DNA was stored at -20 °C until further use. 
A target sequence in the nuclear 18S rRNA gene was partially 
amplified by conventional PCR using primers HepF (5’-ATA-
CATGAGCAAAATCTCAAC-3’) and HepR (5’-CTTATTATTC-
CATGCTGCAG-3’) (Inokuma et al. 2002). PCR amplification 
was performed using 2× PCR master mix solution (i-Taq, Intron 
Bio Technology, Seongnam, Korea). Sterile DNase-RNase-free 
water and DNA of Hepatozoon canis (Accession no.: KY247117) 

were used as negative and positive control, respectively. PCR re-
actions were performed on a Veriti 96-well Thermal Cycler (Ap-
plied Biosystems, California, USA) with the following cycling 
conditions: 95 °C for 5 min, followed by 34 cycles of 95 °C for 
30 s, 57 °C for 90 s, and 72 °C for 90 s, with a final extension of 
72 °C for 5 min. PCR products were analysed using 1.5% agarose 
gel electrophoresis, stained with ethidium bromide, and photo-
graphed using UV transillumination (Eberhardzell, Germany, 
Vilber Lourmat, Quantum ST4, 1100). Three of the four positive 
PCR products with high DNA concentrations were purified using 
the PureLink quick gel extraction kit (Invitrogen, Carlsbad, CA). 
Bidirectional sequencing was performed commercially with an 
ABI PRISM 310 genetic analyser (Applied Biosystems, Foster 
City, CA) using the ABI PRISM® BigDye terminator cycle se-
quencing kit. 

The nucleotide sequences obtained in this study were com-
pared to registered GenBank sequences using basic local align-
ment search tool (BLAST) (http://www.ncbi.nlm.nih.gov/
BLAST/). Sequences were edited and aligned using Bioedit 7.0 
(http://www.mbio.ncsu.edu/BioEdit/bioedit.html) and then as-
sessed visually. The partial 18S rRNA gene sequences from this 
study and sequences from the GenBank database were used to 
construct a phylogenetic tree by Neighbor-Joining method based 
on the Kimura 2-parameter model implemented in MEGA X (Ki-
mura 1980, Kumar et al. 2018), with Adelina dimidiata (Schnei-
der, 1875) as an outgroup. Nucleotide sequences of isolates of 
Hepatozoon ursi obtained from two brown bears were deposited 
in GenBank under accession numbers MN150504–MN150506. 
The isolates (accession nos. MN150505 and MN150506) were 
obtained from different organs of the same brown bear (found 
in Pasinler) therefore we used only one isolate (accession no. 
MN150506) for phylogenetic analyses.

RESULTS AND DISCUSSION
Gamonts within leukocytes in blood samples of two 

brown bears were identified as Hepatozoon ursi (Fig. 1). 
The mean size of the gamonts was 8.2 × 3.5 μm (6.9–8.7 × 
3.0–3.9 μm; n = 12) in length and width, and parasitemia 
was calculated as 0.6% (6/1000 leukocytes). We observed 
beak-like protrusions at one end of the gamonts which are 
slightly curved in shape (Fig. 1). The morphology of gam-
onts of H. ursi was described by Kubo et al. (2008) and the 
beak-like protrusion at one end of the slightly curved gam-
ont is remarked as one of the most characteristic morpho-
logical features. Excluding the protrusion, the mean size 
of the gamonts was 10.9 × 3.3 μm (10.5–11.5 × 2.9–3.6) 
by Kubo et al. (2008), which was longer than our mea-
surements. The difference in size can be explained by the 
developmental stages of the measured gamonts, fixation 
and staining techniques, errors in measurement and strain 
variation.

Infections with species of Hepatozoon are usually sub-
clinical in most mammalian hosts; only canid and felid 
species are of veterinary importance (Pawar et al. 2011, 
Modrý et al. 2017, Yu et al. 2019). High prevalence and 
low virulence of infection with species of Hepatozoon in 
bears were reported in some studies (Uni et al. 2003, Kubo 
et al. 2008, Ikawa et al. 2011, Pawar et al. 2011). In this 

Fig. 1. Gamonts of Hepatozoon ursi Kubo, Uni, Agatsuma, Na-
gataki, Panciera et al., 2008 in the cytoplasm of leukocytes; black 
arrows show the beak-like protrusion.
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study, we could examine only two bears which had low 
parasitemia (0.6%).

PCR amplification was successful and a fragment of 
approximately 670 bp was amplified from all samples. Se-
quences of H. ursi showed 98.8–100% identity with iso-
lates of H. ursi in the GenBank database. Sequences of H. 
ursi from Erzurum were identical to each other and showed 
100% identity with isolates of H. ursi (accession nos. 
MN463021–MN905023) obtained from tick samples col-
lected from two brown bears in Turkey (Orkun and Emir 
2019). Additionally, sequences of Erzurum isolates were 
very similar (99.3% identity) to those of H. ursi isolated 
from sloth bears (accession nos. HQ829429, HQ829430, 
HQ829434) in India, and black bears (accession nos. 
EU041718, EU041718) in Japan.

The phylogenetic tree constructed by Neighbour-Join-
ing method using the partial 18S rRNA gene sequences 
(630 bp) from this study and 27 isolates of Hepatozoon 
spp. obtained from GenBank revealed five major groups: 
H. ursi, Hepatozoon procyonis Richards, 1961, H. felis 

(Patton, 1908), H. martis Hodžić, Alić, Beck, Beck, Huber 
et al., 2018 and H. canis (Fig. 2.). Isolates of H. ursi col-
lected in this study grouped with other isolates of H. ursi 
from other countries. Our isolates constituted a subgroup 
with isolates of H. ursi detected in ticks collected from two 
brown bears in Turkey, and Japanese and Indian isolates of 
H. ursi constituted the second subgroup (Fig. 2).

Turkish isolate (accession no. MN150504) was taken 
as the reference isolate for phylogenetic analyses. One 
nucleotide (nt) base substitution was found at three differ-
ent positions [72 (A→G), 537 (A→G) and 570 (A→T)] 
at Japanese and Indian isolates compared to the Turkish 
isolates. Those nucleotide changes in Japanese and Indian 
isolates of H. ursi resulting alteration in deduced amino 
acid at position 24 (I→M) and 190 (K→N), respectively. 
The nucleotide change at position 537 caused silent muta-
tion and did not result in the change of the amino acid. The 
two amino acid differences between Turkish isolates and 
Japanese-Indian isolates may be the reason of subdivision 
of the H. ursi group into two subgroups. This remark cer-

Fig. 2. The phylogenetic tree based on partial sequences (630 bp) of the 18S rRNA gene of species Hepatozoon Miller, 1908, con-
structed using the neighbor-joining method. Adelina dimidiata (Schneider, 1875) was used as outgroup. New sequences of isolates of 
H. ursi from this study marked in bold. Numbers on branches indicate bootstrap values based on 1,000 replicates. Scale bar represents 
0.02 nucleotide substitutions per site.
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tainly needs to be confirmed with new molecular studies 
regarding different genes, and new and longer sequences.

This study provides morphological and molecular data 
of infection with H. ursi in brown bears from two distinct 

regions of Erzurum, Turkey. Further studies are needed to 
elucidate whether brown bears have any eco-epidemiolog-
ic importance in the life cycle of H. ursi in wildlife. 
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