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Abstract

Detection of vector—borne hemoparasitic diseases in
Siberian roe deer (Capreolus pygargus) in Jeju Island,

South Korea.

Advised by professor Youngmin, Yun

Sang, Lee

Department of Veterinary Internal Medicine,

Graduate School, Jeju National University

Siberian Roe deer which inhabits Jeju Island is unique native species,
because Jeju roe deer has significant differences in morphology compared
with Inland roe deer in Korea because of geographical isolation. Most of all
the wild deer infect a lot of blood sucking arthropods, which can affect its
population directly and can act as a vector to spread vector—borne diseases.
These diseases have not been evaluated in roe deer in Korea. The purposes
of this study were to identify blood sucking arthropods on roe deer, and
examine the prevalence of vector—borne diseases including piroplasmosis

(Babesia/Thelieria spp.) and Anaplasmosis (Anaplasma/Ehrlicha spp.) in



wild and captive Jeju roe deer and in the blood suckling arthropods.

We identified blood—sucking arthropods from roe deer and examined the
vector—borne diseases in 31 roe deer (23 wild deer from Jeju Wildlife
Rescue Center, 8 captive deer from Roe Deer Observation Center) and the
arthropods (ticks, keds).

As a result, two kinds of blood sucking arthropods on roe deer were
collected; one species of tick (Haemaphysalis longicornis) and one species
of ked (Lipoptena fortisetosa). Thelieria luwenshuni was detected in 4
captive deer (50.0%), 23 wild deer (100%), and 8 /. longicornis (34.8%),
but Babesia crassa was detected from only 1 captive roe deer (12.5%). A.
phagocytophilum was detected in 2 captive (25.0%), 9 wild deer (39.1%),
and 4 A Jongicornis (17.4%). Nothing was detected in L. fortisetosa in this
study.

These results indicate that there may be a high prevalence particularly of
Theileria sp. infection in Jeju wild roe deer and H. Jlongicornis is a major
vector of these diseases. Also, it suggested that Jeju roe deer may act as

reservoirs for these zoonotic pathogens.

Key words: Siberian roe deer, blood sucking arthropods, piroplasmosis,

anaplasmosis, Jeju
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*F(Roe deer, Capreolus sp.)v 2% (Order Artiodactyla), A&}
(Family Cervidae), == (Tribe Capreolini) o] &3t= ¥ 524 ATEE
Ege feue Aol AAsta 9low, {3 (European roe deer,
Capreolus capreolus) 2} A ¥|2]o} =5 (Siberian roe deer, Capreolus pygargus)
T 29 For FEHol ATI0]. FA AFEE T d5olx AAEe
T Aol Foln,  HE AFAT | &etH  Capreolus pygargus
tianschanicus ©°F&Eo.Z2  dHA UAR, v M olFe  olF (bedfordi,
mantschuricus, ochracea) .2 % 7% ATH10, 55]. oA 7 &= w=Fof o

AfATA ABRFE o4 FE gusel 94 %S el

&
i
M

AFEo] MA st =T (Capreolus pygargus, AFTE=F)E= A7 A 994 7

g2 Qste] st B Ee| AMAst= T w5, dukele] do], A dolg}
Yol 59 34 Apol7) Qo AMEE oFEQl Capreolus pygargus jejuensis
o7 A5 ®auy vl TH[50].

HNE=71+= AvlZ(Arachnida) o &3FH, X =7] (ticks) &F =2 E=7] (mites) &

At X E7]E= AR =79 (Ixodidae, hard  ticks) & FFR =73

=y
"

(Argasidae, soft ticks)e 2¥%2 UHAL, ZAE L=
(Sarcoptidae) & WA FA =713} (Pyroglyphidae) 7} Slth. =7 AAHCR

ge) 2Esbel, A4A9 gyt 2] 0 4asde 23 BuwAE 43



]

(larvae) A1715 Ay #A% (nymph) A1715 AH A% (adults) o] €1, 2]
7139 Argas %l 3

giubehe] MAEEsL e ST F& TFAE
N7V Amblyomma 5 1%, Bophilus &5 2%, Dermacentor <
Haemaphysalis < 8 Ixodes 4 10% 1811 Rhipicephalus & 1% 5 %
3% 745 28Fo|tH4]. AN x=FE SFE e IZVEE
Haemaphysalis longicornis (F+223XE7]), Haemaphysalis flava (7)3] 331
T7)), Ixodes nipponensis (QEFXE=7])7F Bal ¥ a1 Qo AlFweFoM=
A ATH32]. o] IETV]= FEAFA A
AR dedA Jar[3], FUeAE
o2l A

H. longicornis 7} $38F0 =2
TH

theileriosis®} babesiosis?]
Anaplasma spp., Ehrlichia spp., Rickettsia spp., Bartonella spp
=) 3x}5ol A H longicornis®] 2%k

7F kA E 1 Qk[30, 45, 48], B3
A gl Aol Ba1ERITH 33
ols}g] H+& hippoboscid 32 3] (Diptera) ol 438k, EZfFF 270
7188k &Y A Eelth. AF2 daste] AlY Adoly ZfFFe d £
A FAo)7] golstH, Wigo] QlojA 5o Yoy "o & wjdd 4 gl
AA A A © 2 hippoboscidae¥oll+= 217019 &3 213709 Fo] glow, o
Lipoptena%ol+= <F 307012 o] Aut[12]. Lipoptenas-L 'AF&o] 32 (deer
AVE, B4, Y IS 55 5T st o5 550§
FEolatelefA Bl

9L

91 % A1 210} [35].

19 O
=

keds)'® el A
o2 1990

g o dE 9
JHAA=E—wi/fA AW O 2 Bartonella spp., Anaplasma ovis, Rickettsia

=l W% Lipoptenas °|ddl&= 2 &

spp. s°| {t}H[20, 25].



Ao AFAA 43 olutg] 1vle]l 7t 20099l L. fortisetosa® R.I1% Sl
[64], 2008 ZY%, AAEE, SAAoA a2ty 25 AF S ojhel 7t L.
cerviz. RAIFAT[31]. 28U Ul =F5 STE st o|gtg= ofd Hi

LS ZA e

ok EEANA L Aol tist A= I T2 HE] QoA g FoE
ooyl AR e ogte] QoM T v vl ARE AT wEEEol
A TRl AARA = FHIAAFA AW O F = piroplasmosis (babesiosis,
theileriosis), anaplasmosis, ehrilichiosis &©°] 3™, o]ejs A2 A2 o

% 2 E£8e a2 [57).

Piroplasmosis® Ad7U 7|Asts 9F<Q Theileria®t Babesia®l 2@l oF7]
1, Ixodidae#}2e] HAZE=7] (hard—ticks) ol & Aadti[24]. oA} of

Ao Agelr 7hE el B dFS Fo dAHoR 4 4 94 Ake

of

o 7t AT EolA Y AT E wol o]FojX i vt AF RiFEEolA H
1% babesiosis® ¥JAZE Babesia motasi, B. ovis, B. crassa 5°] 31,
theileriosis® QWJANZ+= Theileria lestoquardi, T. ovis, 7. separata,
Theileria sp. China 1 (7. luwenshuni), Theileria sp. China 2 (7. uilenbergi),
T. recondite, Theileria sp. OT1, Theileria sp. OT3 S°] Utt[5, 65].

FH 2o ol HIFEEAE Theileria sp. S77F AP x o], dE[26], =
[19], st=[21] & °lA Hu® w7t Qiok vlseolxs dnaejikss (white—

tailed deer, Odocoileus virginianus), 23 (Cervus canadensis), EAFH5 (mule



deer, Odocoileus hemonius), A A5 (Axis deer, Axis axis), 18]1l d&
9] JEALE (sika deer, Cerves nippon) oA T. cervi® o] H1E O,

WAHAQ =TS A Lare] wet o] V|8E HE £aEshs Ao®

.l

juies
Mlo
T
off
e
w0
oX
o,
B
rﬂ
vl
F[ﬂl
N
o
ofj
ol
o2
o,
T
o2,

RAer[36, 38, 591. 7. cervi %F
FFoll, AEYA o7 WYo] "WojHS wde dATAS dorE st

[16, 36, 62].

B. bigemina®t B. boviss AT A mgAlFelAd HiEHAow B
odocoiler®] FA = EHAH TSI, 60]. olg|dt 7|HFo] opFAET ALl
A= G tiaiM = o dEXl vbrb gloy, WY AE AlsRelds F
e sl RaErE altb1].

shoro| A theileriosis= 7F% AeolAl dl-¢- WIWHSHA EASEY babesiosist
ek TellM s S5t s AolAw, ok F =l e At (Hydropotes
inermis argyropus) X2l Theileria sp.2] WAE (2113 YT-2] (Nyctereutes

procyonoides) 2\ 2l Babesia microti-like parasite’} H1¥ Zo] Hxo|c}

[22]. B3k 2006d 9= A& babesiosisol Al Babesia sp. (KO1)7} MHA H
1H QoY o]:= Ovine Babesia®t 98% FAHIS 7IRO 2R 42y HlFEE

A €] babesiosis7} ¥FRAFHOE T AAX L ATH[34].

Anaplasmosis®= S84 AAEEQ Q7] oldy], B7] Lo wWfEE Qg
S E AL O 2, anaplasmataceae??] &t Ao MY 718G JA=7] ufs

M+ (obligate intracellular tick—borne bacterium)e] 23] Ay ET}



Anaplasmataceae¥}+= FEhrilichia, Anaplasma, Neorickettsia, Wolbachia® %
4709 &0 2 Yo R 1, Anaplasma 42 A. phagocytophilum, A. bovis, A.
centrale, A. marginale, A. ovis, A. platys 52 6719 Fo 2 FEHT[14].

A.  phagocytophilum (formerly Ehrlichia phagocytophila)>- human
granulocytic anaplasmosis® ¥elAZE dHA Qom[9], vFEE, & 7
A AdE o= A Adgwelth[14]. A. phagocytophilume 5113, 581,
kol [7], ZN37], M A (gray squirrels) [47], 2[44], v}~ [56],
vl (mountain lions) [15], 2+ [40], &3 (voles) [42, 61], =[40], gne
A5 411, <5 (woodrats) [46] & ©Hst s=olA LA o= AL
2y} g1oko], W 29 dH oA Ehrlichia chatfeensisSt A. phagocytophilum®)
A7 RuEom (8, 23], A longicornis X Ixodes 42 ZE7|2HE A.
phagocytophilum, A. bovis, A. centrale, A. platys, E. chatfeensis s°| &%
uh QATH[48].

oF A5 Anaplasma sp.$} Ehrlichia sp.2] BaF 98-S 3= Ao
2 dyAJY. w9 IneAts, w=F (Capreolus capreolus), EAFENA A.
phagocytophilum®] B.11E QM [6, 41, 42, 62], o+ Iberian red deer
(Cervus elaphu shispanicus) 2} *=FNA Anaplasma spp.7} &A% ACH11,
49, 52]. 3t=r3} ¥ o] AdXAVENA Anaplasma spp.$F Ehrlichia spp.7} A&
HRQom[29, 39], st= w2ty o H|AANME A. phagocytophilum™ A. bovis

7V AZEHAC(28]. olgst AT+ A= ok ArEF7V Anaplasma$y Ehrlichia

i
ftlo
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rlr
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& AAbR,

spp. #A] Hfs5 o
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AlEe 20129 1€95H 201349 4€97H4] AFdgtn ofdsETZ2AH UJeju
Wildlife Rescue Center) el FZHAY A5F ofx=F9 FdwFo A3
ol E2HE AT FHEAFTEFREY], AbEoldE) g tdeE st (Table
1).

R 23mbE| = WAL, vof, BX T 2HOo®E ofsETZAHE &

a X9 Aol FLxF 8vigle =FAH A Y (Roe Deer Observation
=

APE o™ EDTA HFH 9} heparin FHe| Bttt EDTA Hel® Ao

YRS 5 4 d olul DNAS FE33ith

Table 1. The number of Roe deer and blood—sucking arthropods collected.

Animals® No. of Roe deer No. of ticks collected”  No. of keds collected
tested (No. of pools tested*)  (No. of pools tested+)
JCRD 8 0 0
JWRD 23 41(23) 33(23)
Total 31 41(23) 33(23)

“JCRD: Jeju Captive Roe Deer; JWRD: Jeju Wild Roe Deer
ﬂengorged female
* each pool collected from different hosts



Table 2. Information of Siberian Roe Deer

S?gf,)le Sex gia::f Captive/wild Sagzg“g Sampling sites (GPS—N/E)
JCRDO1 female 2 captive 2012.1 Roe Deer Observation Center
JCRDO2 male 2 captive 2012.1 Roe Deer Observation Center
JCRDO3 female 2 captive 2012.1 Roe Deer Observation Center
JCRDO4 female 2 captive 2012.2 Roe Deer Observation Center
JCRDO5 female 2 captive 2012.2 Roe Deer Observation Center
JCRDO6 male 2 captive 2012.10  Roe Deer Observation Center
JCRDO7 male 2 captive 2013.3 Roe Deer Observation Center
JCRDO& female 2 captive 2013.4 Roe Deer Observation Center
JWRDO1 male 2 wild 2012.1 33.19.023/126.23.001
JWRDO2 female 1 wild 2012.2 33.25.215/126.33.051
JWRDO03 female 2 wild 2012.3 33.24.200/126.26.140
JWRDO4 male 2 wild 2012.3 33.27.226/126.32.445
JWRDO5 male 0 wild 2012.6 33.26.180/126.32.470
JWRDO6 female 2 wild 2012.7 33.26.240/126.29.150
JWRDO7 male 0 wild 2012.7 33.27.380/126.34.110
JWRDOS male 0 wild 2012.8 33.28.317/126.30.510
JWRDO9 male 0 wild 2012.8 unknown

JWRD10 male 2 wild 2012.10 33.24.290/126.32.310
JWRD11 male 2 wild 2012.10 33.19.060/126.14.330
JWRD12 male 2 wild 2012.10 33.25.270/126.36.280
JWRD13 female 1 wild 2012.10 33.25.277/126.22.513
JWRD14 female 1 wild 2012.10 33.20.150/126.27.180
JWRD15 female 2 wild 2012.10 33.28.317/126.30.510
JWRD16 female 1 wild 2012.11 33.30.080/126.46.170
JWRD17 female 1 wild 2012.11 33.20.250/126.36.450
JWRD18 female 2 wild 2012.12 33.25.340/126.32.008
JWRD19 male 2 wild 2013.1 33.27.198/126.49.434
JWRD20 female 2 wild 2013.1 33.27.290/126.32.032
JWRD21 female 2 wild 2013.1 33.26.510/126.35.170
JWRD22 female 2 wild 2013.3 33.15.420/126.30.250
JWRD23 male 2 wild 2013.4 33.28.280/126.60.100

“JCRD: Jeju Captive Roe Deer; JWRD: Jeju Wild Roe Deer

x*Classes of age: Class 0: <6 months; Class 1: >6months, <1 years; Class2: >2 years
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12l AN (Manual) & AAIEA AL,

EDTA Az¥ &
heparin AH#¥d dH JFEZ3o] cobas ¢ 111 analyzer (Roche®,

Switzerland) & &% 3}s-AAE 3+
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B ARES $EAgon, 53 A=sRe B3

i) F+= Maa (1967) [43]192F Kowal et

Yamaguti et al (1971)[63], ©|3}+g]

al.(2009) [27]19] A+H 1 = 13 ok (Figure 1, 2).
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Figure 1. Apical part of female ticks (Ixodidae) previously collected roe deer
in Korea (upper: dorsal part, lower: ventral part) (Yamaguti et al. 1971).

(A) Haemaphysalis flava. Female.
(B) Haemaphysalis longicornis. Female.

(C) Ixodes nipponensis. Female.

Figure 2. Thoracic dorsum of Lipoptena spp. in Korea(Kowal et a/. 2009).

(A) Lipoptena cervi
(B) Lipoptena fortisetosa

10



4. DNA

1
i

3 Ao DNA+ EDTA HrH=Z AHgsk d38 0.3 mlE G—DexIITM
blood DNA extraction kit (Intron, Korea) S A}g-3}o] F=3}9 27, NanoVue
w33 =4 (GE Healthcare, USA)E o]&3ste] FF¥ DNAY HF sL7t

50—-100 ng/wt ¥ =& ZA3A

TEEA =S AT =FNACA ARE 7Y ERete] olvelet W=

715 WEAA B IaAAkE AAESI ATV Fes s S8 o

[AU
g,
£l
i,
w
(@)
[oS]
o}
®

71 A% (fully engorged females) ¥t —20CY &3 & waf&
2 Adete] st A=Y} ojgelE 1-4vig® Iuas Ao 74 F
23709 2F° % Y33, DNeasy Blood & Tissue Kit (QIAGEN, Hilden,
Germany) & AF&3tel DNAE FE33ith I& A& AE7)g olggl&

ml e—tube] 22t Q@i AZALY] wiyrde] wel EEAE pestles ©]-8sho

}31 proteinase K2 2JHFAE 23 A7 & DNAE F=3F$tE NanoVue

OII

%

29
B33 <A (GE Healthcare, USA)E o] g3le] F&9 DNAS HE HL7}

50—-100 ng/wl = %= ZA s},

11



5. #olH 5F

T g g QRIIAYF A FE3E DNAA Babesia/Theileria spp %+
Anaplasma/Ehrlichia spp. 39 &S 95l PCRS A A3l PCRe AFE-
¥ primer9} PCRZUS vh&3} o] A3kt (Table 3). 2X TOP simple
TM DyeMIX (aliquot) —nTaqg Kit (Enzynomics, Korea) & AF&3}to] TaKaRa

bl an

Ol

PCR Thermal Cycler Dice (Takara Bio, Japan) & %2} &S A4
PCR AF&E2 100 bp DNA ladder marker (Enzynomics, Korea) &} -7 1.2%

agarose gel A7) %3ste] Felsloitt.

1) Babesia/Theileria spp.

Babesia/Theileria Spp.+ BABGF2—-BABGR2 (BAB primer) 2}
cBabel8sF—cBabel8sR primer set (cBabe primer)E ©]£3lo] PCRS 23
atla, =% AAM AJA F¥E& $1sl RFLPE AAEItH(Table 4).
cBabe—18sF—cBabe—18sR primer setS ©|83%t Babesia/Theileria spp. 18s

rRNAS] PCR AHE 6 w9} A|stat Avall (Enzynomics, Korea) 1 pf, 10X

buffer 1 pl, TFF 2 wE ¥ 5, 37CelA 1417 vieFstsd . 100 bp DNA
ladder marker (Enzynomics, Korea) 2} &7 1.8% agarose gel 7] &3]

sho1 591 o},

12



2) Anaplasma/Ehrlichia spp.

Anaplasma/Ehrlichia spp.©= AE1F—AEIR primer set (AE primer)E ©] &3}

¢}

3

o] PCRS AA|8} L,

of\
|

H PCR AH=S 50wy 31X sty A. phagocytophilum
16S rRNAc¢]| Eo]A <l EE3SF—EE4R primer set (EE primer) &% nested PCR

= AAsIT

13
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Table 4. PCR—RFLP profile information to identify Babesia/Theileria spp.

PCR—RFLP profile type Fragment size(s) (bp) after
(associated strain[s])* digestion with Avall
1 (B, crassa) 390, 550, 720
2 (7. luwenshuni) 80, 460, 1150

*strains confirmed from the sequence analysis of the 18s rRNA of

Babesia/Theileria spp. in this study

Babesia/Theileria spp. PCR %A 5.9 Anaplasma/Ehrlichia spp. PCR %4

Alge d7IMd #+4& fste] PCR AbHe< T-vectore] &Z49313ltt. o] o
Babesia/Theileria spp.©= #-A10] &olste®: AZE primer =FS 2§31
Babesia/Theileria spp.2] 18s rRNAS HAALSF F FF2 2 yro] 717t PCR
= AASSA T (Table 5).

PCR &S 1.2% agarose gelel #A7]9% 3 & MEGA—-Bead® gel

extraction kit (Intron, Korea)E AFE3}] gel elutiondlal T—vector
TOPcloner (Enzynomics, Korea) ol 243}t PCR AHEo] 4% vector
£ DH-5a E. Coli competent cells (Enzynomics, Korea) ¢l transformation
star, AFslel #elel £ Colell WieiA = ampicillin 9 LB brothell Hj<f
(37°C, overnight) 3ttt wlFE £ Colis Y483t QIAGEN® Plasmid
mini kit (QIAGEN, USA)E ©]&3}9 plasmids FE3dtal, 47|44 e 9

#38t9 tF(Solgent, Korea).

15



Table 5. PCR primers used for 18s rRNA genes sequencing of
Babesia/Theileria spp.

PCR condition

Primer Amplified fragments
Denaturation Annealing Extension Cycles
cBabe—18sF 1061bp
94°C/30s 50C/30s 727T/30s 35
BABGR2 From 1 to 1061
BABGF2 1250bp

94°C/30s 59TC/20s 727T/30s 35
cBabe—18sR From 486 to 1735

MEGA 5.1 (Molecular Evolutionary Genetics Analysis, Tamura K et al.)

I«

2a9e olgste] AEWA BAH % phylogenic tree® A3
ClustalWE ©]£3}9 alighnmentE AAISFR 0™  ‘neighbor—joining analysis’
= o] £3}o] phylogenetic treeE A Zslal, treel] SHIAS FAFSH] Y3Ho]

bootstrap analysisE 33}l tt.

16



m 2 3

1. Mz Fol 7|dsts EE€EXNSEF

AFeFol 7148t FEEAFEEE JE7]78 Alsolate /77 AR H A
th =)= sl 89 IR AF 41vteE sk, Absoldtel= 33
vkE] AT olF EFv oL FolA AFENCH FAdLFE F7A
9 ol e gttt FEAAsEs w4 Ay, A=V AT
N7 (Haemaphysails  longicornis) 150] FAEAT, A&l =

Lipoptena fortisetosa 1] =74 ¥t}

17
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Figure 3. Haemaphysalis longicornis collected from roe deer.
(A) Apical part of female
(B) Engorged female

Wi |

Figure 4. Lipoptena fortisetosa collected from roe deer.
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1) Babesia/Theileria spp.
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@ A primer cBahe 184 primer

shermer JNRDLy UWRDLG OWEDL DARILS S WEDDs JREDLE IWRDL JWKDIe

BARC primer (Habe 185 primer

) cvier RN LALG WAL AR CREDD CREMG WAL, CWRIL:
153005p €= 1 700bp
1C00

«— 529bp

JCRDOZ JWRD16
9 Marker PCR RFLP PCR REZP

1500bp

=1150bp
1000bp

-~ T20bp

550hp
£ 500
€= 390hp

300bp

BABGEY cBabelSzH primer clabe l8sl” BABCGRZ primer
Marker JORD01 JWRDG JW 5 JW € e JCRRCL JWRDNE IW OB W C

Figure 5. Electrophoresis analysis of DNAs amplified by PCR and PCR—RFLP targeted
18s rRNA of Babesia/Theileria spp. on 1.2% agarose gel (A) The sizes of amplified 18s
rRNA product using BABG and cBabe—18s primer set are about 559 and 1700bp
respectively. (B) The PCR—RFLP fragment sizes after digestion with Avall are two
types; One is 390, 550, 720 bp (B. crassa) and the other is 80, 460, 1150 bp (7.
luwenshuni). 80 bp is not seen because of small size. (C) The size of the 18s rRNA
product amplified by BABGF2— cBabel8sR primer was about 1250 bp,, and the size of
the 18s rRNA product amplified by cBabel8sF— BABGRZ2 primer was about 1061 bp.
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(1)  Babesia/Theileria spp. 18s rRNAS] G7|g W AAE#AA EA

AFeF 2utg], A=) 1704 PCREY] AEH Babesia/Theileria spp.2)
18s rRNAE 71X 929 =A7l= Z7 1668, 1712, 1715 bp Sith
Babesia/Theileria spp.2] 18s rRNA AsdAE ZASE A3 AlFreFolA=
Babesia crassa®} Theileria luwenshuni 27VA12] HHAA 7} 54 = At (Figure

6). =7 AZEH  Babesia/Theileria spp.S& AFEFoNA =

o

|9 T

luwenshuni?t 98.5% 2] A S HFTH(Table 7).
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7. sp. China 1 AY 262119 China
7. sp. OT1 AY533143 Spain
T. luwenshuni JX469518 China
T. luwenshun/ JF719831 China
T. sp. F1668376 Korea
JWTOS (this study)
JWRD16 (this study)
7. sp. AF036336 China
T. sinensis EU274472 China
7. sp. F1668374 China
7. sp. U97048 Japan Korea USA

T. buffeli AF236097 China

1o T- sergenti AB016074 Japan
3 7. cenvi HQ184411 China

7. sp. Iwata AB602888 Japan

T. sp. F1668374 Korea

100 T. cervi AY735122 USA
36 T. capreoli AY726011 Spain
7. sp. F1668373 Korea

7. ovis AY260172 Turkey
98 7. ovis AY533144 Spain

T. lestoquardi AJOOB446 Iran
ﬁ'__ T. lestoquardi AF081135Iran
B. canis L18079 South Africa
100 |— B. divergens U07885 Australia
% B. divergens U16370 USA
7 B. gibsoni DQ184507 USA
B gibsoni AB478328 Japan

B.sp. AF205636 USA

45 JCRDO1 (this study)
99 B. crassa AY2601761Iran

B cf crassa AY260177 Turkey
100 B. ovata AY081192 Korea
4|84 —— B sp. KO1 DQ346955 Korea
py B motasi AY260179 Netherlands

100 B motasi AY260180 Netherlands
B. ovis AY260178 Turkey

98

100

B. bovis L19077 South Africa
100 L— B bowis 131922 USA

0.0

Figure 6. Phylogenetic tree of partial 18s rRNA gene sequences of various
Babesia/Theileria species and PCR—amplified 18s rRNA products from roe deer and
ticks. Phylograms were generated by neighbor—joining method with distance matrix
calculation by Kimura' s two parameters, operated by MEGA software version
5.10. Scale bar indicates the number of mutations per sequence position. The
numbers at the nodes represent the percentage of 1000 bootstrap resamplings.
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o,
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2  AE7dH 724

B. crassa®t T. luwenshuni 253 5 = 28712 dHS wdsto] A AlS-

m, 7. luwenshuni7} 0.8~1.5 m ©]1L RS B crassayx= 432 "HF2 7 v

Q- A&ty FAL wH, 7. luwenshuni= 3% RAE7F FAL A A wH

®

10 pm 10 pm
“‘s
-
I
10 pm 10 pm

Figure 7. Two kinds of Babesia/Theileria spp. were seen inside erythrocyte
of roe deer.

(A), (B): B. crassa (2.1~2.7 m)

(C), D): T, luwenshuni (0.8~1.5 m)
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(3) €9 g A ssAAL

ol gl A3}t Ale| A FolF o]
51k oA Abol=
aspartate aminotransferase @4 x2] =7}

Babesia/Theileria spp.

S YEMNRI O, Babesia/Theileria spp. 739 =5 37/HAlAA 2MAE 55

S e A MR

R wF 287A & 4MAI7F 5 H91E (PCVL 20)

W2 Yel itk (Table 8).

Ao} piroplasm YA &

il
fo

ol

]_

ol

Table 8. Prevalence of anemia in roe deer.

32

WAl 4] Creatinine phophokinase2}

Anemia Normal Mild Severe

(PCV) (=30) (=20,<30) (20)
Captive roe deer 4(12.9%) 0(0%) 4(12.9%)
B. crassa 0(0%) 0(0%) 1(3.2%)
T. luwenshuni 3(9.7%) 0(0%) 1(3.2%)
negative 1(3.2%) 0(0%) 2(6.5%)
Wild roe deer 17(54.8%) 4(12.9%) 2(6.5%)
T. luwenshuni 17(54.8%) 4(12.9%) 2(6.5%)
Total 21(67.7%) 4(12.9%) 6(19.4%)

2) Anaplasma/Ehrlichia spp.

AE primerE ©] &3t PCRS 338t Anaplasma/Ehrlichia spp.

ZAReE Ay =% 31vkE] F 1198 (35.5%) oA HE UERHow. o]

A FE= 9vt] (39.1%), 39 xF+= 2718 (25.0%) STt

AE7] 23709 18



M= 47 1Fo] dAHoRE YESI(17.4%), olugo= EF A4S Y
EMN AT, Anaplasma/Ehrlichia spp. ¥4 =5 1008} JI=7] 47052

Anaplasma phagocytophilum®| 5°]% <l EE primerE ©|£3F nested PCR&

=

3

=

A3} 75 Aoz et (Figure 8).

2=
T

(1)  Anaplasma/Ehrlichia spp. 16s rRNAS] G714 E 2 HAE5@A 4

il -

A7 G A A v} o] A AT =52k H. longicornis®l| A el

e
(i

Anaplasma/Ehrlichia spp. © A. phagocytophilum®. 2 5=}t AF=F2F
H. longicornisol Al A& A. phagocytophilum® 9714 4<] 100% FAHIS

LHERA A

o Jharier JWIRLCLS [TRDOS JWRIZIS JWTOS e larket JWERDLY JWERDID O JWTOS

€= 926bp

Figure 8. Electrophoresis analysis of DNAs amplified by PCR and nested PCR
targeted 16s rRNA of Anaplasma/Ehriichia spp. on 1.2% agarose gel. (A) The size of
16s rRNA product amplified by AE primer was 1406 bp. (B) The sizes of 16s rRNA
product from nested PCR amplified by EE primer was 926 bp
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A. bovis AB196475 Japan
A. bovis GUS56626 Korea
A. bovis EU181143 Korea

A. bovis UO3775 South Africa

A. bovis GU0B4902 Korea

30 L A phagocytophifum ABL96721 Japan

A. platys AF536828 Japan |
12 99 | A platys AF156784 China
- A phagocytophilum AF470700 Korea
A. phagocytophilum AY055469 USA
85 A. phagocytophilum AY527214 Sweden
2 A. phagocytophilum AY969012 Japan
as| JWRD 19 (this study)
JWT 03 (this study)

M A. phagocytophilum GUO64895 Korea
a7 A phagocytophilum GU556621 Korea

87

38

100

|4=.
[

A. centrale AF318944 Netherlands

|.| A. marginale FJ226454 Japan
A. marginale DQ341370 China

100
78

99 E. canis M73226 USA
| E. canis AF373613 Venezuela

100 E. ewingii J96436 USA

CE E. chaffeensis M73222 USA
97 | £ chaffeensis AF416764 USA

Figure 9. Phylogenetic tree of partial 16s rRNA gene sequences of various
Anaplasma/Ehrlichia species and PCR—amplified 16s rRNA products from roe deer
and ticks. Phylograms were generated by neighbor—joining method with distance
matrix calculation by Kimura’ s two parameters, operated by MEGA software
version 5.10. Scale bar indicates the number of mutations per sequence position.
The numbers at the nodes represent the percentage of 1000 bootstrap resamplings.
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L. AFxFol 71q8= FEEAF=

ATeFE SFT2 o= ANE7|2= Haemaphysalis longicornis (ZF22%71
=70, Ixodes nipponensis (QEZFXTE7]) 2Fo] 4 A Q1 H longicornis
7F FAFoIH32]. 2y AlF=FE TR S oy s Bad vt gluk
ATl =FoA Vs FEEAATEe APste]l s A9 159 A
=719 159 olgalF7F Y. ANEr]= 222 F X7 (Haemaphysalis

longicornis) ® %3, o|¥8]+= Lipoptena fortisetosaz &% A}, L.

ofN

fortisetosar= 3t=rol|l A X% 239 Lipoptena spp. = 3J7HAE thE 3
S gty HHZ L. cerviolth[31]. B3 L. fortisetosa®) W K=

Yamauchi et al (2009) 7} #|Foll A A H e 1vkdl Q] L. fortisetosa B.7F AF

o, AFw=Fof e ZA= Hud =1 gloh

AAZEWM 3t FE7\WEFA AW (Piroplasmosis, Anaplasmosis)

Do
ol

Babesia/Theileria spp.©= NEZ|UoA Exsk W A4S Ax & =7
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S5 g dtthe Bt ol HUH18, 53] AlFeFE AV A9 4
g2 Qdste] thE A9l AAskE wFee 98 A Aozt e, AFA
DHAA T2 A FRTHE0]. 2Ey HEo AFeFo A Frksk A
AT R AT FastEA Tt wA, FAabsT Sl E AT Tt
AAstEA AR 2 7EEEe] HFo] sojubal otk AlF Tl 71 HE

71R1 H. longicornisv= =5 7WAlT-oA] A¥EA o2 wl-g- Qe A A=, A

FORYERTZAE oA b

i
i
N
Al
_0|L
rlr
_\TLI
o
of
=2,
b
)
_|>:,
I E
it

o

A 2 eSS F= Atk SR Babesia/Theileria spp.2]l 16s rRNA
Ak Fele flel PCRe AAISH A3, BAB primers AH&3e o A4 A
FiF T 71.0%7}, cBabe primers AME-3H3S Wl 90.3%7F ¥ UER
t}. cBabe—PCR FAlelA F/dolA, BAB-PCR #AtAA &40 == 40t
2] (14.%) =4, 7 712 PCR AF}A BF A =72 cBabe—PCR 44
oj"A BAB—PCR &74Ql A &9 d7IMde w43 A3 F AE EF BAB
primerel] %= & Qe A7AGE JHA 1 QdQTh o]F Hol cBabe—PCRE

FdeolwA BAB-PCRZ 49 Al 949 s& o] = ddAe 7]

1

=2Q1 FioA Zpol7t e Ao AlsdTh wekA cBabe—PCR AHE
7|52 ®  Babesia/Theileria spp. ZHAHE Bt =, AF=FolA
Babesia/Theileria spp.2l A ES 90.3%°]|H, ofAAE=FM 9 TEES 100%
2 B Theileria sp. 2 F Tt o]l ofmFolA A, vo], A, AH

of A#glo]l A Aol theileriosis7F ZEEH A& & F Uk & A9
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A s8Y T luwenshunie =W W AFEU AoA @AY= 7. sergenti/
bufleli/ orientalis$}+= T 0.2 [17], Yin et al. (2008)° 23] AMFA &7+

H Folt). o)t Fel Wi Ak

=)
o2

Ry

o] AF WEEFoA WAt HAAdE U
e gt a8l = metyolA R Theileria sp.8F FE EHFILOE

97.7~98.1% 2 FAHdo] El=AdTh [21].

7FAEo) AR WFkow, Babesia/Theileria spp.2l ZHAEE(62.5%)F oA
T W zolE HAT FHUE=F 1utd oA Y2 Babesia sp.= =u 7iel
A WA E B gibsoni®fe e $O%, B crassa® S HJOH o= ol
I E719] el TdE T3 g2 EFTolth[54]. E7F Kim er al(2007) 7}
Bk dpe] wEw FuloA X3S = X% human babesiosis® A
Babesia sp. KO1°] ovine Babesia®l F+AHdo] 98.0%¢1 Zo] gelxgic}, &
Ao FHE AF=F2 Babesia sp.2} Babesia sp. KO12 FAM-E 95.8%

2 P T LGN E R AR kel A b 9184 dE B

g AAAN Aea AR T AT dFo] #EE FE 78.6%AU
i, 7. luwenshuni®} B. crassas Q7oA A7]9F BoFolA] 2polE Hol A
2 ol Thseith CBCeE A sterAtel= Fold ol adoly
piroplasm YA RS} SAAA =] F974 Aol fllth. o9k Creatinine
phophokinase®} aspartate aminotransferase? <7}7} #&=E =Y ol W

g o= A Bds W e)dely AE# XA V1% Ao ® AlgE
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Babesia/Theileria spp. %3 =5 2870A < 470417} 5% W18 (PCVL 20)

o

YEMN R O\ Babesia/Theileria spp. =73¢%1 =5 37/RAANAME 2/4A7F =

< W8S Yeddoh ok =T A= 100% Theileria spp. 7ol &

o
i

A

deol® B et 8.7%% 5 Wdo] bt Zo] wHhato],

o

1
T

i)
Jo

ks

—u

Fob #A 50%7F FF WES YEeERAY. o]y st AIpex HIFo]
Babesia/Theileria spp. 7@l 7|1ttty Aze 4= glon, wigeo] Q1S +f
B3l7] Qe wF A dekxzAlrr QF9Y. T luwenshuni= oFY w5

oM B THOoR M= AoR FHHEY. 18y B crassa a0l &l

d

H THeF 1vkEls vl Ak RESA(PCV 7%)S YERTE #HARSE o R
Ho} B crassas AFxFol WAool = Ao E dddAy, gy B A

A Ik ZAmoz wYAL ¢ QU1 BF 74 24 AT7L ALtk

phagocytophilums T3t F5% olY2} human granulocytic anaplasmosis
o) YRR BuHATH9]. AFmFor e FAES k=Tl E 39.1%,
TEmFAE 25.0%% YERRH AF=F ETldx HEd A
phagocytophilum® {71440l 100% FAMdS EHRA O™ T3t Oh er al(2009)
O AN AFEL H longicornisd|\X HZE¥E A. phagocytophilum®} FAHd

S 96.6% At =FU pEtY ol B1E A. phagocytophilum[28] 2] H-AF

o,
kr

96.6%% ¥ F@dBAZE o™, H longicornis7t wIZNA GEUES & F
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)
, A

A sES N7 15 (Haemaphysalis longicornis

ol

ATFeFo 5384
FRET) #H ApFolste] 1§ (Lipoptena fortisetosa)©] X lom, o]F9]
= AW & T luwenshuni, B. crassa, A. phagocytophium®| 7

o] ]

WA 5 9l
Aol WA Aol e 5
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158t gAdstala, Al5wF 31vte

N

AFeFoA daHE FEEATE=S
(k=T 23vtg], FAdw=F 8uieh) e} F3EAFE (A longicornis, L.
fortisetosa)= F¥ FT37|18FA AWl piroplasmosis (Babesia/Thelieria
spp.) ¢ Anaplasmosis (Anaplasma/Ehrlicha spp.) Y HAES &gt 43 tf

w3 22 dES AU

ftlo

1. AlF=FodA 7IAste S38AsERZE N7 1E(Haemaphysalis

longicornis, 2222 E7]), AvEolate] 15 (Lipoptena fortisetosa, =8

2. AlFxFY g H7]} AREolug] oA piroplasm  (Babesia/Thelieria

AVSy A3} Babesia crassa’t QT 174AA A A

wn
(S
(]
oy
2
il
o
EN

H Qo Thelieria luwenshuni® 73-% °Fx=F 23918 (100%), 3 d=F
4v}2] (87.1%), H. longicornis 8715 (34.8%) ol A &l = A}, B crassast
7. luwenshuni 73X 85 NS E=Edte] AN 3 A} 18712 &

(78.6%) 1M A&7y 5] LAFH

3. A. phagocytophilum®] °F+=F 9v}2] (39.1%), 3 4x=F 278 (25.0%),

H. longicornis 4715 (17.4%) 2AHJ. 18Y L. fortisetosal X = &

Aoz oue FAAE AEHA B3k
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olAol Az wFolX Babesia/Thelieria spp.2y Anaplasma/Ehrlicha spp.

HNE7] H Jongicornis®l 28] Aty = Aoz AAHY, AF=F7)

rlr

2~ 0]
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