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Abstract. To investigate tick-borne pathogens including human babesiosis, ticks were collected by flagging

vegetation in June, 2018, at 8 places on Rishiri Island. Collected ticks included 28 of Ixodes pavlovskyi, 20

of L. persulcatus, 5 of Haemaphysalis japonica douglasi and 1 of H. flava. Babesia sp. was not detected by

PCR in any of ticks collected. On the other hand, the Lyme disease Borrelia, Borrelia garinii, and agents

of the spotted fever group, Rickettsia helvetica and Candidatus Rickettsia tarasevichiae, were detected in

1. pavlovskyi, examined by PCR. Ixodes persulcatus contained Bo. bavariensis, Bo. garinii, R. helvetica and

Candidatus R. tarasevichiae. Phylogenetic analysis based on the mitochondrial COI gene sequence of L.

pavlovskyi revealed 2 distinct lineages. One of which was newly identified and closely related to the lin-

eage consisting of Russian 1. paviovskyi.
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LT\ Z &, Babesia microti 5% Oy HE R T
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frds) (Wei et al., 2001), Z D OAE KO HH
I3, Ba. microti Kobe A S, KEDFHLT
FRICEAR IV IZIT > Ba. microti US-lineage %, H
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A4 ® Ba. microti Hobetsu-lineage, /N T
M E DI D 5 Ba. divergens Vg5 i
(Ba. divergens Asia-lineage) 7z &, 37 BB YLE
ZOEEITARRMEDL D BB K A LD
T & T\Ww % (Zamoto et al., 2004; Tsuji et al.,
2001; Zamoto-Niikura et al., 2014), ¢ L
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flRBICEWGEBEITbI >y = HO A
(Yamauchi et al., 2013) 12 X % &, Ba. microti
US-lineage, Ba. divergens Asia-lineage D7 % —
o3 [xodes persulcatus (3224 =)
MRS NTVD, E51TlE, ¥ A EEYYED
W E 2RV 7Y 7y F 708 Lid~ 8 =0 557
INTED, AT HHRLEO>y = oilisn
ZAREMEIE T HEASNS, ZITRIETIE, AR
E2duEo B Th L, iRy =N
MR THEINTORZLICEHL, w5 =h 60N
TR, RLY TRV v T T O IE R 2 A
7o, oL, A TEYMENT IR XM PE Y =D
AR IOV TS 72,

BiE
v P 201846 H 1 HA 6 6 H3 HIgHh

S D s T Fo< ¥ = 2B L. TRE
TEATIEX 1 ISR L 72, =% =%, PSS RO
DNA O #ii 24T 9 & TEHEPAA & IS AN 4°CTHER
L7,

v ¥ HOMT  WIRE X OVEEREBET (=
2 v SMZ645, 8x-50x) TOMLZEIC kY w5 =
% T L2 (FH, 1990; 7L, 1980). L
pavlovskyi 12 2\ T Ix R & O (Nakao et
al., 1992) &%z L -,

7 s e = 1% 1L.5mL 77 AF v 7
Fa—=TICAN, TIAFY I KREYFA Y =Tk
L 7. SDS, Proteinase K % &t TNE buffer i2
T L7=Db, 72/ =)V E LY ) — Lk
I2& D DNA 2858 L 7=, Al & LT GlycoBlue
(Invitrogen) & fv>7z, K8 DNA % 50 ¢ ¢ @ TE
WAL 72,

R AR T OB EFE © 2 1 ICEIR IR RO
5% R L7, PCR GYEM I OWTIE, KR
MIDIAL 7 by — 72y A KD 2 REL,
SRR 2 EE L7z, Babesia JEOBHIZOWTIE,
Babesia, Theileria J& % % & Piroplasma H O J5i
BINKY ="y b LT I —%2 v,

v # =3 Far Y7 DNAMIE L BESIHRE :
Irodesfg~4% =D ravy Y 7Frra—24
WiKkFE#EZEY 7 2=y b LERE T (COIN (Mitani
et al., 2007) ® —#B% PCRIC X b BIE L 7=. 7
A= TFD X ICFEEL %, IxoCOI-F1
(5> -GARAGAGGAGCAGGRACAGGATGAAC)/
IxoCOI-R1(5’ -GTGTAATTGATCCTATAATTG
CAAATACAGCTCC). HEHEMELFIE, BIEEY D 5
AL 27 by —27x 21T k) P& L 7 (Eurofins
genetics). EBFHEEY] T — & X— 2 (INSDC) I2
ik ’I TV 3 BERIORLS 2 T LT

# 1. Bk
Pathogen Specificity Gene Method
Babesia Piroplasmida including Babesia spp. 18S rRNA Conventional PCR

Borrelia Lyme disease borreliae

Relapsing fever borreliae

Relapsing fever group Borrelia sp. in deer
Rickettsia Rickettsia spp.

Rickettsia spp.

16S rRNA and flaB
16S rRNA and flaB
16S rRNA and flaB
17k-Da

gltA

Realtime and Conventional PCR
Realtime and Conventional PCR
Realtime and Conventional PCR
Conventional PCR
Conventional PCR
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PG L pavlovskyi L persulcatus H. japonica douglasi H. flava
Ly Z o N 3 4 0 1
Lig=1 19 3 0 0
Wi 2 2 0 0
J Ky b=V 0 0 4 0
il 0 4 0 0
LR Y 1 1 1 0
P 2 6 0 0
il S 1 0 0 0
it 28 20 5 !

7V T7 74 A bk (Clustal W2.1) % f7\>» (Larkin

et al., 2007), EBERE A (NJ ) 1 & iR

Hemt 2R L7z, 77— A+ 7 v 7% 1,000 &
L, ZOMDT A =5 —13FT 74 )V bREE LT
(DNA Databank of Japan, DDBJ),

R

WE I N < ¥ =1F Irodes J& (I. paviovskyi
& L persulcatus) 7389 % % [ ®, b X
Haemaphysalis japonica douglasi ® % \» 1% H.
flava TH-o7= (£2),

PCRIZ X 2 4 JEUAR MRS AL 2 2 3 1T L 7.
Piroplasmida % ¥ — %7 v b & L 2 PCRTIZ L
persulcatus1 i {&, Borrelia & X O Rickettsia ¢
1, L pavlovskyi, I persulcatus O i fl TPtk D3
B En, &= 1fKIcE ) %2 LEwEED

7 3. PCR T X 295k D

BRI D STz,

99 JE A o fifE 72 13 PCR ¥4 s PE W o 35 55 E 71112
k0o, BHA VLD L persulcatus > &
% & % 7= Piroplasmida 18S rRNA & {5 1~ @ i
SYBEFY (1,527bp) 1%, BEAIO & b AR 7N
Ji f& Ba. microti ¥ X O Ba. divergens 7" )V —
TOWH E1F—3 L % o> 72, GenBank % $i fir
FIz %3 % A [\ # 3R (https://blast. nebi. nlm.
nih. gov/Blast. cgi) (Altschul et al., 1990) T I,
Theileria sp. dama gazelle AY735116. 1 235 Tk
¢ (Identities 83%, Gaps 4%), X\ >T Theileria
sp. ex Damaliscus lunatus, Ba. lengau, Ba.
leo, Theileria separate, T. bicornis T & -
7. AL A LY T B2 k%, Borrelia
flaB DHFIEE AN H O CHEAL BT IC XD,
Bo. garinii X O* Bo. bavariensis 73 [d % 41 7=

Nos. PCR positive

Target Gene 1. pavilovskyi 1. persulcatus Total
Piroplasmida including Babesia spp. 185 rRNA 0 1 1
Lyme disease borreliae’' 16S rRNA and flaB 1 1 2
Relapsing fever borreliae 16S rRNA and flaB 0 0 0
Relapsing fever group Borrelia sp. in deer 16S rRNA and flaB 0 0 0
Rickettsia spp. gltA 3 5 8
Rickettsia spp. 17k-Da 2 5 7
Examined 20 11 31

'Bacterial genome copy number (per 5uL) in L. paviovskyi and I persulcatus were 21.09E+05 and 11.39E+04, respectively.

# 4. REHFE O R

FERYES L. pavlovskyi L. persulcatus

1 P [Z1ERS P
Piroplasmida sp. 0 1 EinAR il
Bo. bavariensis 0 1 FeR /N
Bo. garinii 1 (2N 0
R. helvetica 2 AR, B 3 B, ¥R, e
Candidatus R. tarasevichiae 1 FEEMoE 2 PR, WS
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I persulcatus

I paviovskyi

72, Irodes persulcatus XU 1. pavlovskyi.

(#£ 4). Rickettsia B 8 i{kizD\W»TiE, gltA
DHLFEFL TN He D LR IR X 2 RITIC B W T
5 Mifk 5 R. helvetica, 3 #ifk 2 Candidatus R.
tarasevichiae L[RE SNz (8 4), ISIHRELE
FTRTHwF =22\ T Piroplasmida 2% —# v b

AY945347 I ricinus

1000

1. persulcatus

L7 PCR i 21T

a7 o7,

~ Dorsal
Ventral
S, B RN TRER R4

RIZ, I persulcatus £ & & L. pavlovskyi (¥ 2)
DI+ av Py 7 COEETF DB (708bp)
IZDOWT, BERORS & W USRFIRNT 2 17> 72

| I. ricinus

- AB231669 I paviovskyi Hokkaido
I paviovskyi FHEM1 1B %A 7
I paviovskyi TFIRF5

KJ000060 1 paviovskyi TMS12-02 Tomsk
TX288763 1. paviovskyi Tms] Tomsk

]nv?

°°l|
2 pavlavskyi_ﬁMl
"8\ I paviovskyi ZFFkM1
L pavlevskyi FiEIpM1
L paviovskyi_JEBM1
L pavlovskyi_JtHEF1
—— JX288764 I. persulcatus Tms Tomsk

L AB073725 L persulcatus Hokkaido
L persulcatus_#JBF2

I persulcatus_EFIEM3

L persulcatus_7R2/ILIM1

I persuleatus_ FEHR 22 EM1

L —
0.020

1000

I persulcatus_#EF1

I persulcatus_HEEM1

I persulcatus_R2/1LF1

I persulcatus_FFIEM1

I persulcatus FFH 2 EM2
I persulcatus_ILEEF1

FlR% A7

(Fri (=7 ACHED

3. 2= COLEETHRES (708bp) (CHD < AR,
AWFEICBTIRIE LB 2 KTFTR LTz,

l. pavlovskyi

I. persulcatus
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(bootstrap 1000) (X 3). I paviovskyi T % W ffE
2 (77— A7y 7l 100%) 2 R,
—HIZEHRD N7 a7 A ¥ —< ¥ = COlEm T
51 (AB231669) &—3 (ulls 4 7) L, fl/iid
ViRlomslch -7z (Fly 4 7). 24 7RO
FLiEaE 708 i rh 8 i (1%) T, 28 Wfko
9L, 2G4 7, 25 BIRDBFIGLY £ 7°
Thot, =TV AWBOEMBIZLD 1 Kk
XN CE o7z,

EZ%

HAEERMEYBER L2 6, 5=
DIIAEFEZIHFEAR B R TER S, FEEUE IR
SN7. B o FARY PREBE IO WT
1%, BEHOIK, i 2PHE TR S8
WHArI. —H, 7ALRFLY TRV Ty FThE
WAL, 2007, 2008 4 D1 & D FHFE (Yamauchi
et al., 2013) L JHERIC, Bo. garinii, R. helvetica,
Candidatus R. tarasevichiae 2 & 7= 7213 ¢
7 { Bo. bavariensis D37z \cBmi I N, I E
THIPUEICE T 5 7 4 LIRS EA D FE A 13 70
WS, NA Y RY TIN— TR EEEE S O
e EOWEIME L b %,

L paviovskyi 1z m > 7 1A B L, [8 R ICER
£ XN 3 L persulcatus E FEEDSFELL L Tuv» 3,
HAToOwMEE, dufgdEsd JHur, i, ALk
HicB T 2hES Dk <td 2 (Nakao et al.,
1992), EREBEIIM L K< Irodes B HE D 0.4
~4% EHnonsHh (PR, 2013 ; Takano et al.,
2014), RRAENROHPLETIZEMED 61% %
7. L pavlovskyi KHE DEFdve o 7 3 B
EINTEY, APEBLBOWTEOEGE, (i
THB I LW, JREARR L IR 2 B EE 2
LTWRHERD—-D>TH2LEZLNS, 50,
L paviovskyi COIZH\>T, BEHIOME B (1
ME A7) &b bus 7EIGESFRLEETH (7
A7) I ERELTH, WE (ED
B) OB5REZ o0, L pavlovskyi K5 = 1%
b gD EFE R o, b MEFAENIDILIG
HiNEr sy 7 TREINTw 2 (LS, 2014 ;

Romanenko, 2011), A#f% Tl&, L pavlovskyi
2674 LWE, FIBEDER & 7 2R X
nTEY, L persulcatus & L HICHEEZET 5 <
y=Th b, HERZEGDMRNIZ L paviovskyi 12
BId 2zl <, WEEEROERM, ~¥=D
BIATZ A €Y7, REEEAEOBITEFIC X DR
REEFINERIEZ S IC LT 2 EPRET
b5,

ABFZEIE 2018 4 FEH P T A e S R
DHLFERIE L LCiibnr:, £7, Koz
KM DR %32 CTiT o 7.
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