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ABSTRACT:  The Cypriot mouflon (Ovis orientalis ophion), a once almost extirpated species of wild
sheep, is under strict surveillance because it can be threatened by likely transmission of pathogenic
bacteria, such as Anaplasma spp., Rickettsia spp., and Coxiella burnetii, primarily from domestic
ungulates. We collected 77 blood samples from Cypriot mouflon and 663 of their ectoparasites
(Rhipicephalus turanicus, Rhipicephalus sanguineus, Rhipicephalus bursa, Hyalomma anatolicum
excavatum, Hyalomma marginatum, Haemaphysalis punctata, Haemaphysalis sulcata, and Ixodes
gibossus) and tested them by polymerase chain reaction and sequencing. Twenty-three mouflon
blood samples (30%) were positive for C. burnetii, 23 (30%) for Rickettsia spp., and 8 (10%) for
Anaplasma ovis. Of 109 pools of ectoparasites, 32.1% were positive for C. burnetii, 28.4% for
Rickettsia spp., and 10.9% for A. ovis; 11.9% were positive for both C. burnetii and Rickettsia spp.,
6.4% for both Rickettsia spp. and A. ovis, and 2.8% for all three pathogens. This is the first survey
that records the presence of tick-borne pathogens, both in the Cypriot mouflon and in ticks
parasitizing it.
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southwest of the forest where domestic
animals and mouflon share pasture (Kassi-
nis, unpubl.). The species’ health is closely
monitored by the Game Fund Service in
collaboration with the Department of
Cyprus Veterinary Services because there
is a high probability of infection by
pathogenic bacteria carried by domestic
ungulates. Functions of the Cyprus Game
Fund Service include wildlife law enforce-
ment and management of all game and
protected mammalian and avian species
including habitat improvement. Other
countries have established genetic manage-
ment and reproductive biotechnologies
(Ptak et al., 2002) in an attempt to preserve
the wild European mouflon. Our aim was to
investigate the presence Anaplasma spp-»
Rickettsia spp., and Coxiella burnetii in
Cypriot mouflon and their ectoparasites.

INTRODUCTION

The Cypriot mouflon (Ovis orientalis
ophion) or Agrino is a subspecies of wild
sheep endemic to Cyprus. It is the largest
terrestrial wild mammal in Cyprus and is of
Asiatic origin (Payne, 1968; Vigne, 1988).
Its presence on Cyprus can be traced back
10,000 yr. It is the smallest species of wild
sheep that inhabits the forest of Pafos, a
mountainous landscape of 620,000 ha in the
northwestern Troodos range. Along with
the mouflon of Sardinia and Corsica (Ouvis
gmelini mussimon) it is the only forest
dweller among the Caprinae (Payne, 1968;
Hemmer, 1990). The population in Cyprus,
estimated to be 3,000 animals (Kassinis and
Papageorgiou, 2000), is strictly protected
under Cypriot legislation and has been
included in Annex II/IV of 92/43 EU
Habitats Directive as a European priority
species. Higher mouflon population densi-
ties occur in the forest periphery where
vegetation is lower and more variable and
pastures are more extensive. In some parts

MATERIALS AND METHODS
Sampling

Blood samples from 77 mouflon from the

of the forest periphery goat and sheep

herding is intensive, especially north and
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Pafos forest were examined between Novem-
ber 2002 and December 2006. Dead and sick
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animals were transferred to the Cyprus
Veterinary Services along with blood samples
taken from live-trapped and released animals
during Game Fund’s annual trapping pro-
gram. Blood samples were collected using
filter papers, which were then stored in vials at
—20 C until further treatment. Ectoparasites,
whenever found, were collected and stored at
—20 C. Sex, age, and global positioning system
coordinates of each animal location were
recorded.

Sample preparation

Samples were processed at the Laboratory
of Clinical Bacteriology, Parasitology, Zoono-
ses, and Geographical Medicine (WHO Col-
laborating Center) in Crete, Greece. Filter
papers were cut into 1X1-cm squares and
stored separately for each animal. Blood was
eluted with 490 pl phosphate buffered saline
(PBS) at pH 7.2 with 10 pl fetal bovine serum
held overnight at 4 C. Two hundred microli-
ters of the solution were transferred to new
tubes for DNA extraction and stored at —20 C.
Ectoparasites were separated according to
species and sex based on taxonomic keys
(Gil-Collado, 1961; Gil-Collado et al., 1979).
They were then disinfected using 70% ethanol
and cut into small pieces in 200 pl PBS. Pools
(of 200 pl final volume) were created based on
ectoparasite species and animal origin. Each
pool contained a maximum of 10 ticks; the
polymerase chain reaction (PCR) method was
designed to have a sensitivity of detection of
one positive sample per pool of 10 samples. All
samples were stored at —20 C.

Analysis of samples

DNA extractions were carried out using the
QIAamp DNA blood mini kit (Qiagen, Hilden,
Germany) according to the manufacturer’s
recommendations. PCR amplification was
carried out for detection of C. burnetii,
Rickettsia spp., and Anaplasma spp. in blood
samples and ectoparasites. For detection of
DNA of Rickettsia spp., primers RpCS 877p
and RpCS 1258n, which amplify a 381 base
pair (bp) region of the citrate synthase gltA
gene (Roux et al., 1997), along with the primer
set Rr19070p and Rr190602n, which amplify
the ompA outer membrane protein gene
giving a product of 532 bp (Regnery et al.,
1991), were used. For C. burnetii DNA,
primers CB1 and CB2, which amplify a
257 bp region of the superoxide dismutase
gene (Spyridaki et al., 1998), were used. For
Anaplasma spp., primers EHR16SD and
EHRI6SR, which amplify a 345 bp product
of the 16s rRNA gene (Brouqui et al., 2001),
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primers HSPB and HSPC to amplify an
approximately 1650 bp fragment of the groEL
gene (Lew et al., 2003), and primers msp43
and msp45 to amplify an approximately 850 bp
fragment of the msp4 gene (de la Fuente et al.,
2007) were used. Negative controls (distilled
water) were used every 10 samples. The first
sample found positive by PCR, and sequence
analysis was used as the positive control. PCR
products were electrophoresed on 1-2%
agarose gel and visualized following 30-min
incubation in GelStar® Nucleic Acid Gel Stain
(Lonza Rockland, Rockland, Maine, USA) at
room temperature according to the manufac-
turer’s instructions.

PCR products were purified (PCR product
purification kit; Qiagen) and directly sequenced
at a CEQ 8000 Beckman Coulter Sequencer
(Bioanalytica-Genotype, Athens, Greece). All
PCR products were sequenced twice to verify
sequences. Nucleic acid sequences were pro-
cessed using nucleotide BLASTn, Chromas
v1.49, and Lasergene Version 7.1 software.
Sequences were submitted to GenBank.

RESULTS
Parasitism

Of the 77 mouflon, 62 (81%) were
parasitized at the time of examination, and
28 (36%) suffered from infestation by two,
three, or four tick species. Of 663 ectopar-
asites collected, 268 (40.4%) were species
of Rhipicephalus (6.9% R. turanicus, 0.9%
R. sanguineus, 23.6% R. bursa), 84 (12.7%)
were Hyalomma species (12.5% H. anato-
licum excavatum, 0.15% H. marginatum),
291 (43.9%) were Haemaphysalis (2.3% H.
punctata, 41.6% H. sulcata,), and 23 (3.5%)
were Ixodes gibossus. The majority of
ectoparasites (55.5%) were males; very
few (5.5%) were nymphal (sex not deter-
mined; Fig. 1). The largest numbers of ticks
were collected during summer and autumn;
R. bursa was most common in summer, and
H. sulcata was most common in autumn.
Infestation rates were lower during winter
and spring; H. sulcata was the most
abundant species during winter but was
almost absent during spring and summer.

PCR and sequencing

Mouflon: Of the 77 mouflon examined, 23
(30%) were PCR positive for C. burnetii

Cust # 2008-10-266R2



IOANNOU ET AL.—TICK-BORNE BACTERIA IN MOUFLON AND ECTOPARASITES 0

180 +— A il
165 T—
150 —
135 +—|1 R.sang
g 120 — 2 R.tur
= 3 R burs
E 0|4 Hy.an.ex
‘E 90 +—|5 Hy. mar __
% 75 1— |6 H.punc -
o
_ Y 7 H_sulc L
8 Ix.gib
45 —
30 mitlll - —
15 ] ] —
. L o W e ‘ |
12345678 12345678 12345678 12345678
Spring Summer Autumn Winter
Seasons
120 —
110 E—
100 B 1 R.tur
M 2 Hy.aexc '
90 3 H.punct |
= 80 4 H.sulc —
£ 70 5 Hmag |——
ig 60 | - 6 R.sang |
©
§ 50 || _ 7 R.b%Jrs |
g 8 Ix.gib
w40 — — S
30 — — i
20 M - =
10 — — ]
0 [T1 |—| I— r = [ by n jmil|
123456787 12345678 712345678 12345678 12345678 " 12345678

=200 201-400 401600 601-800 801-1000 =1001
Altitude (m)

Ficure 1. Seasonal (A) and elevational (B) distribution of ticks collected from mouflon in the forest of
Pafos, Cyprus, November 2002-December 2007. Numbers correspond to tick species (R. tu = Rhipicephalus
turanicus; Hy.zl.ex = Hya,lmnma anatolicum excavatum; H. punct = Haemaphyszzlis punctata; H. sulc =
Haemaphysalis sulcata; H. marg = Hyalomma marginatum; R. sang = Rhipicephalus sanguineus; R. bur =
Rhipicephalus bursa; Ix. gib = Ixodes gibossus).

(GenBank accession number EU448143), GQ261180, groEL accession number
23 (30%) for Rickettsia spp. (EU448154, GQ261181). Twelve (16%) animals were
EU448155, EU448161), and 8 (10%) for PCR positive for both C. burnetii and
A. ovis (msp4 accession number Rickettsia spp. The strains identified in
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TasLE 1.

Cypriot mouflon (Ovis orientalis ophion) and their ectoparasite species tested by PCR for Coxiella

burnetii, Rickettsia spp., and Anaplasma ovis. Accession number EU448155 corresponds to R. rhipicephali,
EU448154 to R. endosymbiont, and EU448161 to R. massiliae.

Coxiella GenBank Rickettsia GenBank  Anaplasma GenBank
Ectoparasite Total burnetii, no. accession Spp-, no. accession ovis, no. accession
species™ tested positive (%) no. positive (%) no. positive (%) no.
Ectoparasites (pools)
Total tested 109 35 (32.1) 31 (28.4) 12 (10.9)
R. tur 10 4 (40) EU448145 2 (20) EU448155 0 (0)
Hy.a.ex 15 2 (13) 0 (0) 0 (0)
H. punct 2 2 (100) 2 (100) EU448154 0 (0)
H. sulc 41 5(12) 23 (56) 10 (24) GQ261180,
GQ261181
H. marg 1 0 (0) 0 (0) 0 (0)
R. sang 2 2 (100) 0 (0) 0 (0)
R. bur 35 14 (40) EU448144 8 (23) EU448161 0 (0)
Ix. gib 3 0 (0) 0 (0) 0 (0)
Mouflons (no.) 77 23 (30) EU448143 23 (30) 8 (10.4) GQ261180,
GQ261181

* R. tur = Rhipicephalus turanicus; Hy.a.ex = Hyalomma anatolicum excavatum; H. punct = Haemaphysalis punctata; H.
sulc = Haemaphysalis sulcata; H. marg = Hyalomma marginatum; R. sang = Rhipicephalus sanguineus; R. bur =

Rhipicephalus bursa; Ix. gib = Ixodes gibossus.

ticks were identical to the sequences
retrieved from mouflon (Table 1).

Ectoparasites: Of the 109 pools of ectopar-
asites, 35 (32.1%) were PCR positive for
C. burnetii, 31 (28.4%) for Rickettsia spp.,
and 12 (10.9%) for A. ovis; 13 (11.9%)
were positive both for C. burnetii and
Rickettsia spp., 7 (6.4%) for Rickettsia spp.
and A. ovis, and 3 (2.8%) for all three
pathogens. Coxiella burnetii was detected
in R. turanicus (EU448145), R. sangui-
neus, R. bursa (EU448144), H. a. excava-
tum, H. sulcata, and H. punctata. Rickett-
sia sp. was detected in R. turanicus (R.
rhipicephali, EU448155), R. bursa (R.
massiliae, EU448161), H. punctata (R.
endosymbiont, EU448154), and H. sul-
cata. Anaplasma ovis was detected in H.
sulcata only (msp4 accession number
GQ261180; groEL accession number
GQ261181; Table 1). All sequences re-
trieved from both mouflon and ectopara-
sites were identical to the sequences
obtained from blood samples of animals
of veterinary importance (goats, sheep)
and their ectoparasites, which were col-
lected from the area of Pafos forest
(Psaroulaki et al., unpubl.).
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DISCUSSION

The endemic Cypriot mouflon is a
strictly protected species under National
and European Union legislation and listed
as endangered under the International
Union for the Conservation of Nature
1996 Red list (Shackleton and Lovari,
1997). One of the most serious conserva-
tion problems that the species faces is the
danger of infection from pathogens such
as Rickettsia spp., A. ovis, and C. burnetii,
primarily due to sharing pastures with
domestic ungulates in the forest periph-
ery.

The presence of H. m. marginatum, R.
bursa, and Dermacentor marginatus on
European wild boar and Iberian red deer
has been recorded (de la Fuente et al.,
2004; Ruiz-Fons et al., 2006). These three
species are representatives of the tick
fauna commonly found on Mediterranean
ungulates. In a study of the Iberian
mouflon, Alonso et al. (2004) found
95.8% of the tested mouflon parasitized
by R. bursa, Boophilus annulatus, R.
sanguineus, R. turanicus, H. sulcata,
Ixodes ricinus ricinus, H. punctata, and
D. marginatus with two, three, or four tick
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species found on 47.8% of the mouflon in
that study. Only 36% (28 of 77 mouflon) in
our study were infested by multiple tick
species. Dermacentor marginatus and I.
ricinus, both mentioned by de la Fuente
et al. (2004) and Alonso et al. (2004), may
not be common in Cyprus.

Emerging tick-borne diseases constitute
an increasing threat for human and animal
health worldwide and notably in Europe
(Parola, 2004). Characterization of the
prevalence of pathogens in tick species
that parasitize wildlife reservoirs may
provide important information for the
assessment of risk of emerging tick-borne
disease outbreaks. This is the first report
demonstrating the presence of C. burnetti,
Rickettsia spp., and A. ovis in the Cypriot
mouflon and ticks infesting it. Although
Hubalek et al. (1993) found Sardenian
mouflon positive for C. burnetii using
immunofluorescent antibody tests, to our
knowledge this is the first report identify-
ing Rickettsia spp. and A. ovis in mouflon.
Sixteen percent of the mouflon we tested
were infected by both Rickettsia spp. and
C. burnetii. Since mouflon may come into
close contact with domestic animals,
coinfection of ticks with several of these
organisms may increase the severity of
disease in cattle (Hofle et al., 2004;
Hofmann-Lehmann et al., 2004) and
humans (Krause et al., 1996).

We demonstrated A. ovis in H. sulcata
ticks only. Anaplasma phagocytophilum
was reported for the first time in Europe-
an ticks in 1997 (von Stedingk et al., 1997).
De la Fuente et al. (2004) identified A.
phagocytophilum and A. marginale in H.
m. marginatum and R. bursa ticks and
proposed a role of these tick species in the
transmission of tick-borne zoonoses in
wildlife and domestic animals. Loftis et
al. (2006) also detected A. marginale in H.
a. excavatum from cattle.

Contrary to Punda-Polic et al. (2002) and
Georges et al. (2001), we were able to detect
Rickettsia spp. in R. turanicus, R. bursa, H.
punctate, and H. sulcata ticks. Punda-Polic
et al. (2002) sequenced a portion of the
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ompA and ompB genes related to Rickettsia
aeschlimannii in H. marginatum ticks, as did
Fernandez-Soto et al. (2003). The latter
author also detected Rickettsia in H. punc-
tata, R. bursa, R. turanicus, and R. sangui-
neus ticks. Bernasconi et al. (2002) found R.
sanguineus ticks infected with a Rickettsia
identified as R. massiliae. Although we
failed to detect Rickettsia spp. in H. a.
excavatum ticks, Psaroulaki et al. (2005)
found R. mongolotimonae both in humans
and in H. a. excavatum.

Our finding of C. burnetii in R.
sanguineus, R. turanicus. R. bursa, H. a.
excavatum, H. sulcata, and H. punctata
ticks is in accordance with findings of
Bernasconi et al. (2002), who also detected
C. burnetii in R. sanguineus and R.
turanicus. Loftis et al. (2006) also detected
C. burnetii in H. a. excavatum removed
from cattle. Although we failed to detect
C. burnetii in H. marginatum ticks,
Psaroulaki et al. (2006) reported its
presence in this tick species. Rehacek et
al. (1970) isolated C. burnetii from H.
punctata ticks in Slovakia; this finding is
further supported by our research. To our
knowledge, ours is the first report dem-
onstrating C. burnetii in H. sulcata, R.
bursa, and I. gibbosus ticks. Psaroulaki et
al. (2006) collected these tick species (H.
sulcata from goats, R. bursa and I
gibbosus from goats, sheep, cattle, and
horses) on the Greek island of Cephalonia
but failed to obtain PCR evidence of the
pathogen.

The identity among the strains from
mouflon and animals of veterinary impor-
tance in the region implies the interchange
of these pathogens between wild and
domesticated animals. Our results under-
score the necessity to strongly consider
appropriate action to protect the endan-
gered Cypriot mouflon from potential
disease threats associated with tick-borne
pathogens of domesticated ungulates.
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