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Rhipicephalus turanicus, a new vector of Hepatozoon canis
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SUMMARY

The distribution of Hepatozoon canis mainly encompasses areas where its main tick vector, Rhipicephalus sanguineus sensu
lato, is present. However, the detection of this pathogen in dogs, foxes and golden jackals well outside the areas inhabited
by this tick species reinforced the hypothesis that additional ixodids are involved in the life cycle and transmission of this
protozoon. The present study provides, for the first time, data supporting the sporogonic development of H. canis in speci-
mens of Rhipicephalus turanicus collected from a naturally infected fox from southern Italy. The epidemiological role of R.
turanicus as a vector of H. canis is discussed, along with information on the potential use of cell cultures for the experimen-
tal infection with H. canis sporozoites. The in vitro infection of canine leucocytes by sporozoites from ticks is proposed as a
potential tool for future in-depth studies on the biology of H. canis.
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INTRODUCTION

The genus Hepatozoon (Eucoccidiorida, Hepatozoidae)
includes about 340 species, which develop in rep-
tiles, amphibians, rodents, birds or mammals. In
spite of the wide variety of natural hosts involved
in the life cycles of these protozoa (Smith, 1996),
all Hepatozoon species share similar biology and a
rather unique transmission pathway: the ingestion
of infectious sporozoites (Smith, 1996). Indeed,
once the definitive host (i.e. an haematophagous
invertebrate) is ingested by a vertebrate intermediate
host, sporozoites reach the blood or lymphatic circu-
lation (Baneth et al. 2007). Merogony takes place in
different target tissues, including lymphatic organs,
muscles or the bone marrow, and micromerozoites
penetrate erythrocytes of all vertebrates, but mammals
and birds (Ferguson et al. 2012), in which gametogony
occurs in leucocytes (Baneth et al. 2007). The life cycle
completes when the invertebrate definitive host
ingests blood cells parasitized by gamonts, which
undergo sexual reproduction (syzygy) and sporogony
in the vector haemocoel or in its gut wall, finally
maturing into sporozoites enclosed within sporocysts
in an oocyst (Smith, 1996).

Amongst Hepatozoon protozoa affecting carni-
vores, Hepatozoon canis James, 1905 is the most
extensively studied and widespread species
(Baneth, 2011), parasitizing dogs (Canis familiaris),
cats (Felis catus) (Baneth, 2011), foxes (Vulpes
vulpes, Cerocyon thous) (Alencar et al. 1997,
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Gabrielli et al. 2010; HodZié¢ et al. 2015; Tolnai
et al. 2015), jackals (Canis aureus, Canis mesomelas)
(McCully et al. 1975; Duscher et al. 2013; Farkas
et al. 2014), wild dogs (Lycaon pictus) (Matjila
et al. 2008), hyenas (Crocuta crocuta) and lions
(Panthera leo) (Kelly et al. 2014; Williams et al.
2014). The distribution of H. canis encompasses
large areas of tropical, subtropical and temperate
regions (Baneth, 2011), generally overlapping the
dispersion range of the cosmopolitan brown dog
tick Rhipicephalus sanguineus sensu lato (Acari,
Ixodidae), its main arthropod vector (Baneth,
2011; Giannelli et al. 2013a, b; Ramos et al. 2014).
However, the detection of H. canis in carnivores
well outside the areas inhabited by R. sanguineus
(e.g. Slovakia, Czech Republic, Austria, Hungary)
(Majlathova et al. 2007; Duscher et al. 2013;
Tolnai et al. 2015; Mitkova et al. 2016) has rein-
forced the hypothesis that additional ixodid ticks
are involved in the life cycle and transmission of
this protozoon.

In addition to the main vector, Amblyomma ovale,
Rhipicephalus microplus, Haemaphysalis longicornis
and Haemaphysalis flava ticks have been confirmed
as definitive hosts for H. canis (Murata et al. 1995;
Rubini et al. 2009; de Miranda et al. 2011;
Demoner et al. 2013). Conversely, the amplifica-
tion of H. canis DNA in Ixodes ricinus, Ixodes
canisuga, Ixodes hexagonus, Dermacentor reticulatus,
Dermacentor marginatus and Rhipicephalus turanicus
(Hornok et al. 2013; Latrofa et al. 2014; Najm
et al. 2014) accounted for their potential vector
competence (Hamsikova et al. 2016). However, the
possibility that these tick species could have acquired
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H. camis DNA from an infected animal during their
blood feeding (Giannelli et al. 2013a, b), makes this
question still unanswered. For instance, the develop-
ment of H. canis in R. turanicus, an ixodid tick mor-
phologically similar and genetically close to R.
sanguineus (Dantas-Torres et al. 2013), has been
hypothesized (Kamani et al. 2013; Latrofa et al.
2014; Aktas, 2014), but never demonstrated.

The present study reports on the sporogonic
development of H. canis in R. turanicus specimens,
which were collected from a naturally infected fox
from southern Italy. In addition, data on the in
vitro infection of canine leucocytes with sporozoites
obtained from mature H. canis sporocysts developed
in this ixodid species are provided.

MATERIALS AND METHODS
Sample collection

Ticks were collected from a young male fox, aging
about 1 year, hospitalized at the Department of
Veterinary Medicine of the University of Bari, fol-
lowing a road accident. The animal was rescued in
the countryside of Valenzano municipality
(41-043781N, 16-884203E, Bari province, southern
Italy) and submitted to clinical investigations for a
suspected fracture of the right tibia. The fox was
infested by ixodid ticks and diagnosed as infected
by Hepatozoon sp., following the detection of
gamonts in blood smears, which were stained with
the May-Grinwald Giemsa Quick Stain (Bio
Optica, Milano, Italy). The level of parasitaemia
was estimated based on the percentage of peripheral
blood neutrophils containing intracellular gamonts.
The blood sample was frozen, until molecularly ana-
lysed for the identification of the parasite at the
species level.

Tick identification and maintenance

A total of 19 engorged ticks were detached from the
animal hair coat. Specimens were placed in plastic
vials, secured with a cotton plug, and immediately
identified at the stage and species level according to
their morphology as R. turanicus (n=6, i.e. two
males and four females), 1. hexagonus (n =12, includ-
ing six nymphs and six females) and Haemaphysalis
erinacei (one female) (Manilla, 1998; Walker et al.
2000). In the case of R. turamicus specimens, the
morphology of the adanal plates, accessory shields,
spiracular plates and the genital opening were care-
fully examined (Dantas-Torres et al. 2013). The
ticks were placed in an incubator under controlled
conditions (i.e. 20 + 3 °C, RH > 80% for I. hexagonus
and H. erinacei; and 26 = 1 °C, RH > 70% for R. tur-
anicus), allowing the oviposition of females and
moult of nymphs (Giannelli et al. 2013a, b).
Specimens were daily monitored and, when egg
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batches were laid, about 50 eggs were separated for
subsequent DNA extraction (see below).

Detection of Hepatozoon in dissected ticks

Ticks were dissected at different days post-collection
(dpc) from the fox hair coat and examined for
Hepatozoon oocysts, prioritizing specimens that
completed the oviposition. Specimens of R. turani-
cus (two for each time-point) were analysed at the
day of collection (T'1), at 20 dpc ('T2) and at 30 dpc
('T'3), whereas I. hexagonus specimens were exam-
ined at T2 and T3 (six ticks per each dissection
time) and the female of H. erinacei at 'T'3 (Table 1).
Ticks were individually placed on slides containing
a drop of saline solution and dissected by means of
a sterile scalpel. They were incised through the spir-
acular plate and all the gut content, including the
haemolymph, was observed under a light micro-
scope at different magnifications. OQocysts were mor-
phologically identified (Baneth et al. 2007; Giannelli
et al. 2013b) and measurements (i.e. oocyst diameter
and surface) were recorded for 15 specimens for each
stage with an image analysis software (Leica®, LAS
4-1). In the case of immature oocysts, the ratio
between the surface of the central nucleus and that
of the oocyst was compared with Student’s ¢-test.
Differences were regarded significant when P <
0-05. Finally, all the dissected ticks were placed indi-
vidually in sterile tubes with phosphate-buffered
saline and stored at —20 °C, until molecular analysis.

Experimental infection of canine leucocytes with
sporozoites

The infectivity of H. canis sporozoites to canine leu-
cocytes was assessed by experimentally infecting dog
monocytes. Briefly, cells were isolated from the
blood of a donor dog in good clinical conditions
and molecularly negative for other canine pathogens,
including H. canis, after obtaining the owner
consent. Blood samples were collected from the bra-
chial vein in ethylenediaminetetraacetic acid
(EDTA) tubes. The buffy coat was separated using
Ficoll-Hypaque (Lymphedex, innotrain Diagnostik
GmbH, Germany) and the leucocytes were cul-
tured in RPMI 1640 medium, supplemented with
10% fetal calf serum (FCS) and antibiotics (peni-
cillin 5000 IU mL™!, streptomycin 2500 ug mL~,
amphotericin B10 ug mL™"). Cells were kept in a
short-term culture at 37°C. After 24 h, the
medium was removed and the cells washed twice
with FCS-free medium and inoculated with 100
sl tick homogenates, containing approximately
1000 H. camis previously activated sporozoites.
Indeed, the oocysts (mechanically ruptured during
dissection) and the sporocysts were suspended
into 100 uL. saline solution centrifuged at 250g for
10 min; the pellet was suspended in RPMI 1640
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medium with 5% (w/v) fresh chicken bile and incu-
bated at 37 °C for 30 min. Finally, the excysted spor-
ozoites were concentrated by centrifugation (250g
for 10 min), the supernatant containing the bile dis-
carded, the pellet washed three times with saline
solution, and the final aliquot was suspended in
100 uL. RPMI 1640 culture medium. After an
adsorption of 60 min at 37 °C, the inoculum was
replaced with the FCS-free medium. The slides
were removed 36 h after the inoculation and
stained with the Diff Quick® (Bio Optica Spa,
Italy) and examined under a light microscope. The
infection procedure was performed in three short-
term cultures.

Molecular analyses

DNA from the fox blood, ticks and eggs were
extracted using a commercial kit (Qiagen, DNeasy
Blood & Tissue Kit, Milan, Italy), following the man-
ufacturer’s instructions. Samples were tested by a
conventional PCR for the detection of Hepatozoon
(Inokuma et al. 2002). In addition, the identification
of Rhipicephalus ticks was confirmed by generating
and analysing partial mitochondrial cox1 (600 bp)
gene sequences, as already described elsewhere
(Dantas-Torres et al. 2013). The PCR amplification
was carried out in a total volume of 50 uL., including
100 ng of genomic DNA, 10 mm Tris—HCI (pH 8§8-3)
and 50 mm KCI, 2-5mm MgCl,, 250 um of each
dNTP, 50pm of each primer and 1-:25U of
AmpliTaq Gold (Applied Biosystems, Foster City,
CA, USA). The reactions were run in a thermal
cycler (2720, Applied Biosystems, Foster City, CA,
USA). Negative (no DNA template, negative refer-
ence blood samples) and positive controls
(Hepatozoon DNA from a positive tick) were included
in all PCR reactions. Amplicons were resolved in eth-
idium  bromide-stained  agarose  (Gellyphor,
EuroClone, Milan, Italy) gels (1:5%) and sized by
comparison with Gene Ruler™ 100-bp DNA
Ladder (MBI Fermentas, Vilnius, Lithuania) as
molecular marker, and finally gels were photographed
using Gel Doc 2000 (BioRad, Hercules, CA, USA).
All amplicons were resolved in GelRed-stained (2%)
agarose (Biotium, California, USA) gels and sized
by comparison with markers in the 1kb DNA
Ladder (MBI Fermentas, Vilnius, Lithuania). Gels
were photographed using the GellLogic 100 gel docu-
system (Kodak, New York, USA).
Amplicons were purified and sequenced, in both

mentation

directions using the same primers as for PCR,
employing the Big Dye Cycle
Sequencing Kit (v.3.1, Applied Biosystems, Foster

Terminator

City, California, USA) in an automated sequencer
(ABI-PRISM 377). Sequences were compared with
those available in the GenBank™ database, using
Basic Local Alignment Search Tool (BLAST-http://

blast.ncbi.nlm.nih.gov/blast.cgi).
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Fig. 1. Gamont of H. canis within fox monocyte (Diff
quick stain, scale bar = 20 um).

RESULTS

The Hepatozoon species found in the fox blood and
in all positive tick specimens was molecularly iden-
tified as H. canis, showing 18S rRNA sequences
100% overall nucleotide BLAST identity with
those of H. canis deposited in GenBank™ (accession
number KJ605145). The level of parasitaemia in the
fox was 60% (Fig. 1). All ticks survived during the
observation period were dissected according to the
study plan. Only three specimens of R. turanicus
and two of I. hexagonus laid egg batches. None of
the I. hexagonus nymphs moulted to adults.

The results of tick dissection for each follow-up
point and tick specimen are reported in Table 1.
More than 500 H. canis oocysts were detected in R.
ticks, ixodid
species were negative. Immature oocysts were

turanicus whereas the remaining
observed in ticks dissected soon after the collection
(T1). They measured 201 +72-8 X 138-8 £ 486 um
and displayed an amorphous central structure, con-
densed in a plasmatic matrix, similar to poached
eggs (Fig. 2). Conversely, oocysts undergoing a
different degree of maturation (Fig. 3) were detected
in R. turanicus at T2, and included mature and
undeveloped oocysts, lacking any sporocysts and
sporozoites. In the latter, the ratio between the
surface of the central nucleus and that of the oocyst
(range: 32-5-82-4%) was significantly correlated
with the oocyst diameter (¢-test, P <0-05). Mature
oval-shaped oocysts measured 259-9 £ 36-1 X 246-1
1+ 339 um (Fig. 4) and contained a variable number
of sporocysts, whose dimensions were 32-1 +4-7 X
20-2+ 2 um. In ticks dissected at T3, only mature
oocysts were detected, along with free sporocysts
and sporozoites, with the latter being elongated in
shape and measuring 15-5£41x320:6 um in
diameter.

The positivity of all R. turanicus ticks examined at
each time-point was molecularly confirmed, with all
specimens being PCR-positive for H. canis and
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Table 1. Number and developmental stage of H.
canis oocysts (immature, IM or mature, M) detected
in engorged ixoidid ticks (males, M; females, F;
nymphs, N) examined at different dissection times,
expressed as days post-collection from the fox

Dissection Tick stage and Oocysts detected/
time species specimen
T1 (0) 2 M R. turanicus 1 (10 IM), IT (20 IM)
T2 (+20) 2 F R. turanicus® 1 (23 IM, 43 M), 11
(36 IM, 103 M)

3 N I. hexagonus® —

3 F I. hexagonus —
T3 (+30) 2 F R. turanicus 1 (121 M), 1 (226 M)

3 N I. hexagonus —
3 F I. hexagonus —
1 F H. erinacer -

% All females collected were allowed to oviposit, being dis-
sected only when egg laying was concluded/interrupted.
> None of I. hexagonus nymphs moulted to the adult stage.

identified as R.
sequences showed 100% homology to R. turanicus
sequences deposited in GenBank™/ accession
number KF145153.1) None of the I. hexagonus
and H. erinacei specimens examined was positive
for H. camis, as well as the egg batches collected
from all female ticks that oviposited.

molecularly turanicus  (cox1

Following exposure to chicken bile, sporozoites
were activated and displayed gliding and flexion—
extension movements, often clustering together.
These cells were featured by a diaphanous body
and an eccentric nucleus (Fig. 5). The percentage
of monocytes infected with H. canis in the three
short-term cultures after 36 h from the inoculation
was 34, 18 and 58%, respectively, with a mean
36:7% cells parasitized by H. canis sporozoites,
which were observed within the leucocyte cytoplasm

(Fig. 5).

DISCUSSION

Results of this study demonstrate that R. turanicus is
a suitable vector for H. canis, as corroborated by its
sporogonic development to reach the sporozoite
stage, and by following the successful experimental
infection of canine leucocytes. So far, only a few
ixodid species (i.e. R. sanguineus s.l., A.
R. micvoplus, H. longicornis, H. flava) have been con-

ovale,

sidered as definitive hosts for H. canis (Murata et al.
1995; de Miranda et al. 2011; Demoner et al. 2013),
whereas others (e.g. I. ricinus or D. reticulatus) have
been accounted as potential vectors (Hornok et al.
2013; Latrofa et al. 2014; Najm et al. 2014) but
their role has never been demonstrated. Besides the
results of previous surveys, which highlighted the
presence of the pathogen DNA in R. turanicus
(Kamani et al. 2013; Aktas, 2014; Latrofa et al.
2014) or in other ‘cryptic’ species included in the
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Fig. 2. Immature H. canis oocysts detected in the
haemocoel of a male R. turanicus (scale bar = 100 um) at 'T'1.

R. sanguineus complex (Latrofa et al. 2014), the
potential development of H. canis in R. turanicus
has never been evaluated, until now. The detection
of immature and mature H. canis oocysts in R. tura-
nicus accounts for the transtadial transmission of this
pathogen, as it most likely occurred from nymphs to
adults. In addition, the potential for the interstadial
transmission from larvae to nymphs cannot be ruled
out, as recently found for R. sanguineus (Giannelli
et al. 2013b). Due to the opportunistic collection of
the infected fox, it was not possible to define the
exact time when H. canis sygyzy and sporogony
occurred in R. turanicus ticks. Nonetheless, the
finding of mature oocysts in ticks detached after 20
days indicates that the pathogen requires at least 1
month for reaching its infective stage in R. turanicus.
This corroborates observations drawn in R. sangui-
neus nymphs, in which H. canis fully matures in
about 30 days (Giannelli et al. 2013b). Conversely,
the developmental time reported in 4. ovale and R.
sanguineus adults ranges from 11 to 14 days and
from 27 to 53 days, respectively (Baneth et al.
2007; Rubini et al. 2009). The possibility that the
pathogen development is affected by the moulting
time of the tick species should be taken into account.

The morphology and size of H. canis stages
detected in R. turanicus is consistent with that
found in R. sanguineus s.l. (i.e. 240-300 um)
(Baneth et al. 2007; Giannelli et al. 2013a, b), A.
ovale (210-306 um) (Rubini et al. 2009) and H.
flava/H. longicornis (300 um) (Murata et al. 1995).
Interestingly, the detection of a wide dimension
range for mature oocysts (i.e. 259-9 £ 36-1 X 246-1
+33-9 um) could be related to their abundance in
the infected ticks. While a correlation probably
exists between the number, the diameter of oocysts
and the tick body dimension, results may also indicate
that parasite growth can be slowed due to crowd-
ing, as already suggested for Hepatozoon griseisciuri

in its vector Haemogamasus reidi (Redington and
Jachowski, 1971).
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Fig. 3. Footage showing the sporogony of H. canis in a female R. turanicus at T2. Following sygyzy, a zygote develops into

a small immature oocyst (A); the oocyst membrane separates from the sporont (B) and its diameter increases along with
complete development (C); the sporont nucleus becomes granular (D) and ameboid processes depart from the centre (E),
budding into a protrusion or sporoblast (F), that gives rise to a developing sporocyst (G). This stage progressively reaches
its final club shape (G), and detaches itself from the sporont mass (H). Developing sporozoites mature within the sporocyst

wall (I) (scale bar = 100 um).

The detection of H. canis in R. turanicus might
have relevant implications for understanding the
distribution of this tick-borne pathogen in areas
where R. sanguineus s.l. is not present. Unlike the
brown dog tick, R. turanicus display a wider host
preference, with the immature stages often feeding
on rodents or lagomorphs, and adults on domestic
and wild mammals, including cattle, sheep, goat
and wildlife (e.g. hedgehogs, hares, jackals)
(Manilla, 1998; Walker et al. 2000). Rhipicephalus
turanicus is predominantly an exophilic tick, and
its adaptability to different environmental and eco-
logical conditions has favoured its setting and
spreading in Mediterranean and dry regions, that,
outside the African continent, include large parts
of Asia and continental Europe (Nijhof et al. 2007;
Waner et al. 2014; Toma et al. 2015; Cetinkaya
et al. 2016; Millan et al. 2016). For example, R. tur-
anicus rapidly colonized the island of Cyprus during
the last 40 years, where it now seems to play an
important role as spreader of zoonotic tick-borne
pathogens, including Coxiella burnetii, Anaplasma
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Fig. 4. Mature H. canis oocyst (scale bar = 100 um) from a
fed R. turanicus female at T'3.

and Rickettsia species (Chochlakis et al. 2014).
Similarly, this tick species was introduced in
Austria, in areas where R. sanguineus s.l. ticks are
not endemic (Sixl, 1972), but H. canis infection has
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Fig. 5. Hepatozoon canis sporozoites following exposure to chicken bile and cell infection (scale bars = 20 um). When not
activated, sporozoites were observed within the sporocyst walls (A), or free in the cell medium (B). Early stage penetration

of canine leucocytes by sporozoites (C and D).

been reported in wildlife (Duscher et al. 2013, 2014).
Altogether, results suggest that R. turanicus might
contribute to the spreading of this pathogen, taking
part in its ‘sylvatic’ life cycle, as supported by the
simultaneous detection of H. canis and R. turanicus
in the red fox here examined. In fact, in view of
their free-roaming behaviour, increasing population
density and regular visits to sub-urban areas
(Uspensky, 2014), foxes have been indicated as
bridging hosts of several pathogens of domestic
dogs, including  Echinococcus  multilocularis,
Angiostrongylus vasorum and H. cams (Otranto
et al. 2015a, b). In addition, a new species of
Hepatozoon, (i.e. Hepatozoon silvestris sp. nov.) has
been recently described in wild felids, enforcing
the concept of pathogen circulating between wild
and domestic populations, when the same ecological
niches are shared (HodZi¢ et al. 2016).

The infection of canine leucocytes with H. canis
sporozoites indicates that this procedure may
represent a valid alternative to experimental infec-
tion of laboratory-raised animals for investigating
the biology of this canine tick-borne pathogen.
The development of Hepatozoon protozoa in
primary and continuous cell lines has been poorly
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investigated, with the exception of early attempts
on H. griseisciuri (Hendrick and Fayer, 1973) and
Hepatozoon rarefaciens (Ball and Chao, 1973),
which were cultured in mite and mosquitoes cells,
respectively. The development of H. canis life
cycle in vitro might provide interesting clues for
defining its pathogenic role, for exploring the
immunology and treatment of canine hepatozoono-
sis (De Tommasi et al. 2014) and also for providing
a solid infrastructure for in-depth studies on its
biology. In particular, the use of tick cell lines
(Passos, 2012) may support the discovery of associ-
ation between Hepatozoon species and additional
ixodid ticks implicated in their transmission, a
hypothesis that deserves further investigations.
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