FHoNTWET , £z B mivamoto/ B FEFIEETIX, 11% (95%SFEX M : 2-20%) D EEH
TREEDHRENHALONTWNET, AR OMEMRIETHS 9 B (2-14 B) T, BIREHIX 1 /2
LWL 2@ESNTHNET,

&1. AL 7 TRITL TV S EIFE DR K IER

EliRE S LJR
(B. mivamotoi B3 fE) (B. garinii B3 4E)
TH RN SRIEETOH A 12-16 B (F¥y 15 8) 7-13 8 (¥ 10 H)
RIENORPETOEEK 2 HLUA 2-9 A (Fiys5AH)
i FE PRI BE 9 % 91 %
R 98 % 67 %
BAE 89 % 57 %
HBE 98 % 86 %
ExX 35 % 10 %
frdE 59 % 52 %
B8 5 7% 28 % 29 %
H& 30 % 10 %
& it 7% 5%
HEEE 2% 0%

H{ B : Platonov AE et al. Emerg Infect Dis. 2011 17; 1816-1823.

GEEHEE)|

: BElimE L E4 e ElRERLY T s
BERABARLYT7IE. FLUOREA, BEOER ERAREARRLYTIE, LKTIER
 REICERTARMEDFIL=VYRARESF LYUT N—TL— (B hermsi) &, T
VSR FEE—HDAIIYTABEZICED TUNTIE B duttoni., FRF T Tl
THENERBINFET AIIZVYFARBFZIZR RLYT-I\—2H (B percica) EHR
Braoxy,. BEZRMBELETHIESNTNE HENFET AT TRITLTLSE
T, BAETIED 2T -IF = (I persulcatus) VRERRAITARLY T SV EL(B
NERBRLYTEENTLIERDNES . L miamoto) T. EMNETH 2 /LY T
persulcatus [EARMAERLLIEDILFERICERL, YFZOHFEMCKTRERANEHS
EETCEFHTELKREONET, A ELVET

[RLUT7RERIE (54 LA, BRR ICET HEHmED]
RLUTBRECET M0 EhE, BEMEROZHEDFUTOHBITHoTHYET,

MRREDIERT MEF—ER Jlin B

[H]

T162-8640 ERIEHFHBEXF LU 1-23-1
TEL:03-4582-2682, FAX:03-5285-1163
E-mail: kbata@nih.go jp
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FRL 24 SR EEA S BB FRE M & CREAL T x PEH R - B RRIEN S E )
& =PV G D W - 1R BRI EE &2 D BAE LIn D E AT - T M D R RACIZRE 3 B 58
SRR E
5 = PSRRI DA DRI & HilEE OB %

mEotEE SN R AEHRERFERFIEERE LI IR R

MEEE -

~ FZIBE P DIRFEDT TAL AL TEY, BRTHAZIZL DL 0FYIZ Y
ANVAME, )7y FT, REREORREEZERZ L TND. TNETOMEICENT,
2 O AT PEFRRED S E 8 ZTREN S F LUV THER S, IR 2T 7 F
VEFE R AT O TV 2 28, AR FRE, IRFIEDSHESL SN TR W S 2. £z, 2
NoZ L OFRFEIZINT F—ThHDHv X =(ERNTHHIEL, ZET 272D I LI Z DOHIE
FREC LTS, v ¥ =3 EEICRET D & 1014 BB ERT. £ ORICHERARH
LEHEDOAETIEEYE 2B ENICEA LRI Z RS 5, 720 b, WETRRRF, fii
BEEE R T, BN, iR 73 L OREMHIEF2 LT 5. RREDEREIZITS
ZOWERPSEEREEEH, v X =3k LT A T, v & = BERIRN ORISR &
EBICEMMENICEA S VTGN T 5, BE, ~F =liddsar ba—iEe LT
B =HN L DA —REITH D0, B X =2 RIIIRANE V , fEAIAN T DI
= DHBSCIANBANIC L DREEG R, SEML~OEAZREENMERE LTHERsh
TS, 22T, aR+ThHY, BY =FERIC L HBREFRCFERMMES =D HBED Y
AT BWPIRNRT =T 7 FUOREPER SN TS F =07 Frr &, F =hkEF
RHURE LTREEICREL, ~F =0ORMEEET 5 Z & T, RREDERRE - IHBEB <
EERBME LIV I TFUTHD. I, BEEO~ ¥ —mkEF 2 HURICHW, £ < OFEHE
D=F=ZiFRE LY 7 F 03, KO DIROCREMMEEZL S Z LR THL & E
ZHILTVND. KR TIE—EH b ShZ O A =R G ELE SN TV D, & =AM R
EOLEEBRFEZMRIAT 5 2 & T, WEREAEEICEET 2RFOREN & Shild, s
=D F Ul EOFRBIENEDORBEA~FE T2 Z ENFREIC R D. £ 2 TRIFFTIE, &
WBIA A "OFALFEAR VYT (Borrelia garinii BYX VB afzelii) OME—DRY &
—TH DB 2V =X = (Irodes persulcatus) DIREPIGEBEREERFORIEZFTo =D
THETD.

— 35 —




A BFZEER
I persulcatus ZIAFIZBITHE FDT

A LIFRV YT (Borrelia garinii B L

B afzelii) DYE—DN7 Z—Th 2. bXk
o Fd A X = ([ scapularis) VLG
UL T4 LAV Y T (B burgdorferi) %
AL, F=FBANORLY T LT H—
BEEIN TS, 2OLESZ—iE, R
LU THEOFHEEH Outer surface protein
AQOspM) IZHEET A Z & 025 Tick receptor
for OspA (TROSPA) & FEIEHLTW5S. &
72,15-kDa 1.
protein (Salpl5) XA LY THEOKEEH
OspCIZHEA L, MEDOREEEET DL
TRV T OEHEEZIRT D Z LBHRES
NTWD. ZDENTH X =035 5%
BEHHIE T 7e S13E R 0EERE - BRM
TR E L, ¥ = ORIMHERFIZE L7
BREZIEDH LTV LRI =
DFRFEDOBARLEELZRELTNDZ L
BHLNZSATWD. —7%, 20X 5 22[R
Fafific i > THE LY RNA THEIEIC
Lo TBEFHRELZMZD &L X =DM
WREADGHENHESIND Z L bE SN
TV D, AAFFEE, RIR DA XL MEHE
R0 B~ ¥ = HREF OB 2 LE
THZ LT, WERAOCHEHRIEZ EREH
ELEU s TFUoRBERNETS.
SEEEN, 74 AFBEENHEHME TO
FlCRB BT A 2RV Y T RERRER LR
TAHEREBICE#MEOL =LY B garinii
B IO Barzelii B LTZ. —F, L
persulcatus FEEREMRERISL L, ¥ =%/
AAZ— i S, FRBR J OMER D>
5 RNA ZHiH L cDNA & A& pk Lok, L
persulcatus DX =HFFEANORL Y T L&

scapularis salivary gland

7 # —Tick receptor for OspA (TROSPA)
B XU % & ME K F Salpls, L
persulcatusimmunosuppressor (IPIS),
Sialostatin L2(SL2) Bin-FDRIER bV
WCHEBEFRAT 24T o 7. — 7, TR B2 B
43L& &5 cystatin DBLEFEIA
& < & = (Rhipicephalus appendiculatus)
MHEE L.

B. L LB

L. A4 LWBEIHEHMX T L

persulcatus HERE L PCR EIZ X > TT A

LIRA VY 7 (B garinii B X OB arfzelii)
B & O Adnaplasma phagocytophilum(A.

phagocytophilum) Ot H %497 > 7=. B

garinii BEX W B afzelii (T DWW TIIo Bk
BERETVY =HF L OBRIZ OV TDERE
BRICHE L7z,

2. R RE TR SN ERBVRORY =%

ANDBAF TR SH, FIEER X O
2>B RNA ZHfiH L cDNA % &k L7z%%, PCR
% 17 ZAS A TROSPA, 7.

persulcatusimmunosuppressor (IPIS),

Sialostatin L2(sL2) 8 X cystatin Bl
FESNZRE L. BohiziFRE BT

NENOMH 2 ¥ =B 1 & (ER LB REART
2T 7.

C. WA

1. A4 LARBEHRRIZBT 50 FEFH

=

D A4 LWBFEIHZMX T L

persulcatus I L T4 LFEA VY T O

BEREFE U R, B garinii 13X

33.8%, B afzeliiilX 4.9% T 4. 2% 3LRkYL
BRDONT. SDIZINDLDT A LRA
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VU TS =0 3. 9% 8 NERIERT T
TAEORBRAREETHL D A
phagocytophilum & BRERRYE L TV,

2) T4 LFHEAVY TS =00 o BERS
EBEIT B garinii B XN B, afzelii BH
HEBT.

2. Z=HFDRE & HREMIT

1) &bz L persulcatus-TROSPATEIGT
o ORF (% 483 $HET, 160 7 I /E% o —
FLTEY, I scapularis—TROSPA & D#FE
R 88.2% Th 7. RIHMTEIT- 7=
WEE, I persulcatus—TROSPA T 5 T3
BRI K> THRAMNTTE L.

2) I. persulcatus-Salpl5 &{=F @ ORF X
399 W E T, I scapularis—Salpl5 & DT
J BRECHIFERIME L, 68.2% Th o7, £z,
#HL % I persulcatus-Salpls Z{E&IL,
ZFEARL YT L OFEER %L Far-western

blotting ¥E72 b ONZE e HUAREE THENT L 7=,

ZORER, LB ESHEEKEZIICD B
garinii, B afzelii B XN B burgdorferi
FEYERR OspC EAEA LTz, $£7z, Mz L
persulcatus—Salpls Z¥%HIMT A2 L ¢, B
AV THEPULTEIC L D EMREERICIEGUE
L.

3) I ricinus OFEAMFIEF RIS HEln
% I. persulcatus? FEEEDEF NG 6,
T £ h
immunosuppressor —1, 2 (Ipis-1. 2)&1x
T etk Uiz, Ipis-1, 2 BiaTFOEEX
IRISBIEF LR UL 1, 134bp ThHote. F
Tz IRIS BI5T & OMRAMEZLET S &,
Ipis=1 }X 95.5%, Ipis—21% 95.4%THDV,
FHRT IV BESE Iris C KT D
&, Ipis—1 1% 94. 4%, Ipis—2 X 96. 6%DAHETE]
MZ2R U7 Ipis-1, Ipis—2 &bz v

Ixodes  persulcatus

VNCHEBRIR RAA TS s3a RAA
V.RCL KA A, serpin signature 2HH
AT IV —ICBTEEEBE L.
M Z Ipis XV VU VRO A E
Wl L.

4) RACE EBIZE VBN arY ow s
= Sialostatin L2(sLO)BETF &, hE =
sL2 BT % LB U755, ORF 13 & biZ
420bp TH Y, T I/ BEEFIIE 87. 2% & EW
FRMEZ R Uz, BRI ORE RN, sL2
BEFITERRAFRMICRE L TR, &
HEAT VB IOk AT — Y TR
LTWD Z BRI, M Z Ipis
XU SER S D IFN-y EEA B EIC
sl Le.

5) WERBEHEICEET S LIRS
cystatin D & & + % Rhipicephalus
appendiculatus 7> O [FIE L7z#ER ORF I
423 3FT, 1556 7 X /R a— FLTEY
Wi DB AE E~FTHIAE N 5 BRERGUR
Thoi.

D. FEE

ZAIVE TOMWBBIT ORRNL, T b
DRFB~H = ORI EE2ZE ZH -
TWBZ LRI, FRICmE IR
FIIEERFICB VD TEER Y RO
FEROMWELZHE L =»NEE L%
Fl e LI RTEIsE L2 mfl+ 52 L T,
Z = DR ML DRRERHERFIZRELSHFEL T
WDEREMER R I NS, EFE, JLKics
T B I scapularis \ZEBWT, =Dk
MBI 2 REREEZIMHIT 22 LT
WRBCEZORTIRFAEES N, R
HF 2 M+ 2 LRE S EHEEINZ LN
HIZEbWMEINTWS., 5%1F, SEE
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b3iz I persulcatus F 3D SR | K+
OWEEZIIL O & L =0l BRI % X
HIFFAT 52 & C, MRBEEE IR X
CHETE DRI RME=UIF DR
EDH.

E. f&

SEENE, TALHA VI T (B
garinii B LW B, afzelii) , & NEERIERT
FTTIXAEOCERKREETH D A
phagocytophilum ¥ X ONEFE AR L U T

(B miyamotol) DX =\ZF\T % 53T EFH
BEEITVEEOREREZRD. 5% LH
xRk T D & bICETHRBIEE DR LI
WTHRFLTWS FETH D . REELIE
L RIRE OB ADI- DI I E
TIB LN —HRAFE2IX LD E DM
DHEF DFEMRBEREIEIT 21T O FETH D,

(fw¥Em»> b DELEIZ DV T)
A LRV,

F. REEARER
L

G. HFEFEE

L. FmCFERR

1) Konnai, S., Yamada, S., Imamura, S.,
Nishikado, H., Githaka, W.N., Ito, T.,
Takano, A., Kawabata, H., Murata, S.,
Ohashi, K. 2012. Identification of TROSPA

homologue in fxodes persulcatus, Schulze,
the specific vector for human Lyme
borreliosis in Japan, Ticks Tick Borne
Dis., 3: T5-T1.

2) Murase, Y., Konnai, S., Githaka, W.N,

Hidano, A., Taler, K., Ito, T., Takano, A.,
Ando, S., Kawabata, H., Tsubota, T.,
Murata, S., Ohashi, K.2013. Prevalence of
Lyme borrelia in Zxodes persulcatus ticks
from an area with a confirmed case of Lyme
disease. J. Vet. Med. Sci. in press.

3) Imamura, S., Konnai, S., Yamada, S.,
Parizi, L.F., Githaka, N., Vaz, I. da S.
Jr., Murata, S., Ohashi, K. 2013.
Identification and partial
characterization of a gut Rhipicephalus
appendiculatuscystatin. Ticks Tick Borne
Dis., 4: 138-144

4) Parizi, L.F., Githaka, N.W., Logullo,
C., Konnai, S., Masuda, A., Ohashi, K., da
Silva, Vaz, Jr. I. 2012. The quest for a
universal vaccine against ticks:
Cross—immunity insights, Vei. J., 194:
158-165.

5)Taylor, K.R., Takano, A., Konnai, S.,
Shimozuru, M., Kawabata, H., Tsubota, T.
2013. Differential tick burdens may
explain differential Borrelia afzelii and
Borrelia garinii infection rates among
four, wild, rodent species in Hokkaido,
Japan, J. Vet. Med Sci.
6) Taylor, K.R., Takano, A., Konnai, S.,

in press.

Shimozuru, M., Kawabata, H., Tsubota, T.
2013. Borrelia miyamotol Infections among
Wild Rodents Show Age and Month
Independence and Correlation with /Zxodes
persulcatus Larval Attachment in Hokkaido,
Japan. Vector Borne Zoonotic Dis. In
press.

7) de Abreu, L.A., Calixto, C., Waltero,
C.F., Pita, B., Githaka, N.W., Seixas, A.,
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Parizi, L.F., Konnai, S., da Silva, Vaz.
I. Jr., Ohashi, K., Logullo, C. 2013. The
conserved role of the AKT/GSK3 axis in
cell survival and glycogen metabolism in
Rhipicephalus (Boophilus) microplus
embryo tick cell line BMEZ26.
BiochimBiophysActa. in press.

2. FRFEK

1) &N &, JS B, OOR i, &
B %, RE BT, FHE B, KE fE.
Va Y o F = \RETF ORREEEREIC
BT DEEREENT. B 20 EX = LEBRDA
H—T7 =R ZBETHEIF—. (201247
A 10 B). MEEH

(2) BHEKESL, 5 H, NaftalyGithaka,
PRGBS, RH, REBESFZ, JIHE
1, FHEERR, KEME. varYovF=
(Ixodes persulcatus) MWEWRIRE S5 HH]
K sL2 DRIER L OSEBFENT. 55 1564 EIER
EZ4 (20124E9 A 28 H). AT

(3) A &, s BH, R Hml, &
B 5%, L BT, FHE OEES, KiE fE.
Va2 =BT A RIRE R
WFOFRE. %58 EHAFERFS - HER
EEBES. (2012410 A 6 B). JEJITH

H. a9 EHEO R - BEHR

1. FEEFEUE
2L

2. ERBFERE
7L

3. Fofh
2L
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Y% 24 SRR A BRI AT SEE M8 & Gl 7 Ve T B - B BURYLIERT SR 3E)
& YA P B SRR SR D RSB - TR IR ISR & 2 D BAR L2 D Ff - IE M D SRALICBE DR 5
SRR EE

TF 7T A=A & LT BB R YE O FEREREAT L2 Wi DORESL

WHEEsEE KRS B IRSLRY RAEERMEI #HiR

Mo E ST B IRSIRT: RAREREE B
JFRLEZ F i IRERBE R AR O ERT A MR
M BEE I RS AR AT SRR AR EE

Bt (@YD) BATBESHE JF—FLU7
EREE (lov) BRI ASEREBELIME 2 4
5 5L R EE

W E

TFHFIRA=EX, VryFTE, 777 XA~BUTBT 2 Anaplasma phagocytophilum
WEVBIEREISND Y 7y F 7 BEERYEC, FEEYE S L TEMT A TWS,
REE, BareNINETICRELEEGEMBRTOT 77 AvER LT & B AR L
DIRARY D BEIZOWT, KE CDC OHERE Emerging Infectious Diseases \ZH#E, L, Z1UZ
XV A phagocytophilum B8535 RIWENENIZ B FET 5 2 & A ERAICE I I Nz,
EBIT, TF7TAVEL AARMHE L ORABRBPDNITRoTZ LD, HALLE
ENFEAEMD ~ H =3 A. phagocytophilum b IRFE T 5 FIREMENRE S, ZHVE T H AL
FATHIOPE A AHIRIC I T D= X =IOV THE L TE e, TORRE, £ 3.0%D~ & =5
A. phagocytophilum ZIRETHZ LB LMNERY . ZHIZBE L TY Emerg. Infect. Dis \Z98
#H LTz, 7F 7T A~<IEIZEE LTI, A phagocytophilum BHUREREZE| LI T2 &b,
MiEZEREEL <, BIE, ZOWEELHR L TWD, £z, Fif, BRONRHFEICBWT,
~ B = VERIEE O Neoerhlichiamikurensis Dt b ~DRUENPHER INT-Z Eb . ZOH
B D FEFRE S RG LT,

AMFEOEEZRLEMW VT, Anaplasma phagocytophilum O %%
o2 ix, BRI X =T MEEDIL, ZIVUCBEAU TR T 2
TIREDEREFALITT D20, Zi T&ETe, TOFRER. 1 BT FTIFASIET,
FCTEEORRMRAE Y —HEORERE H9 1 413 H A EC DR ERGL THLHT
B TE, 2L T, BEIZI Ty F TR EHHERENTZ, BONTAFFERL I K E
JUENBDLN-ERED 2 £ OBEITE CDC DO¥EsE Emerging Infectious Diseases
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RSN T, Z2ICENLRETD,

iz, EdRo I, TFHFIRXELBE AR
ALBEEVLDIRE Tiﬁ’é@ﬁfﬁﬁﬁwu\éh?‘::

EMb, BAKLBER DI A, DFEVTE B AR
WD~ =3 A. phagocytophilum Z~AE
L TCWARREMEDN IR STz, £Z T, R4E,
EBHARZPLIISF=ZHEL., 4
phagocytophilum % & TV F 7 BEANE
B TR FHIFIT 2 D TETz, £ OHF
ZeRRAED . Emerg. Infect. Dis \ZiB#E STz
DT, ZTIZERNLARETD,

TFHFTITAEICEL T, 4
phagocytophilum BSHURERZB|EE 27
ZeEmmbehTWh, Lo T, 4
phagocytophilum ZHUR & L7z fIEZ K3
LW, BIfE, TORBELZERLTE
D, TRZONTH, TR 2,
IHIT, &, BONRLHET, v ¥ =i
IR Neoerhlichiamikurensis Ot I\ ~
DREEGe, RAT—Y RTIE] DHERS
7o Z OB, A B$®1ﬁ]f§%®
BRAITERINEZS, ERATOE K
~OREIIEBNT E TEHREN 20, AARE
PIZHBEMBEL TV D AREERS D
e, Tald, TP, BRAIOTF =
M5O N. mikurensis DBETHRH % Bk
L7z,

B. #FFET5 ¥
1. VT 7 BEEMEROBRE TR
Uy F7 BEEMEREORGFRED
722X, A. phagocytophilum Tld 44 kDa
@%ﬁ%égﬁ%n~%#épM@h%
BEET21T 16S 1DNA %, FLBEEEED v
F7 Tl gltd Bis+% . Ehrlichia BHE T
X p28 Bis 8%, £ N. mikurensis T
X groEL BT+ 5%EMEBETELE
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Single ¥ 721% Nested PCR #1727z,
2. MmiEFOFERN

wIHUE (IFA) HEOHRE LT, 4
phagocytophilum % HL60 #lfa®H 5V X
THP-1 FIRRICEG S EHR LD, B
KW' R. japonica X° Orientia tsutsugamushi
2 L929 Mila THE L b D2V, F
72 . Western blot ¥ T X . A4
phagocytophilum (ZJF&G% LU 7= THP-1 Hikd,
FERRGE THP-1 MR, 3 ZUMHHERLZ P44-1
EREZHURE LTHW:,

3. B EHEOER

P44 S EE BB O 2B E o — B
% DNA Z{bFERk L, B BB TF
HEZRASE IR X —THIAAT,
e, BREMRRICB T A2EARERD
Btz ED TN 3,

C. WIFEREREB L UEE
1. BAERNICBITET 77 X<l
FizoWnT

BEIRICEWT, AR REDIL
T2 E O MK DWW T, ALBEEEE Y
7w F7 16SDNA. O. tsutsugamushi 16S
tDNA., 3 & O 4. phagocytophilump44 Bix
THOBHERRTL ZA, 2 ADBFE
M5 A. phagocytophilump44 BASTHED KR
HEhic, Bohic pdd OHEIEEYZ
TA-cloning L, Z#Lb D7 u— 2 DiE
FHIARE L7z R, Wb kE DR
FHSREE & B — F 72 I3 EIE O VO BLS
ThHDHZEVHALE, 2 £0BES D
D 1 ik, FBEEEED v FT O 168
DNA bR &4, £ OESNIT B ASKLBE
& 5| & Z 9 Rickettsia japonica & [F—




Tholz, SbIZ, BRTDH LT, &
Je Pk (AFA) Z B B L 72 1 iE B W
Western blot Y512 & ¥ . A. phagocytophilum
WZRT BB ERLIZL T A, W
TNOBEIZBNTH IgMBL VW IgG ®
M5 C A. phagocytophilum D¥EEPIFE
HEEORIERR N, £/, 1| 4D
BE TIL R japonica \ZxT B HUE G
SNz, 2FEV, TD2L4DEEFEDIDL
1 £ 1% A. phagocytophilum DREEET, b9
1 441X A. phagocytophilum & R. japonica @
BERRETHDHZEVNHALNE R T,
(BEFRCINTESE 1)

2. 775 A<D MBBLRHIEIC OV
TOREE

Bk TR, 77T XA EDMIEZHE
1T, —MRIC HL-60 MfBICEG S W A
phagocytophilum ZHUR & U7z TFA VED
WHBENRTWD, Fx b I E T HL-60 &
Qufa 2 B & LT IFA 217> TE 2R,
TURBMEMIE Z R T 2 LR TE Do
7zo LU, i, THP-1 MIRIZEYE X
W72 A.phagocytophilum % IFA RFLR & L
TEMALEEZA, kR 240&HMED
A MIE D A.phagocytophilum HTUIEGME %
RTZEBRBHLNE o Tz, THUIE,
HL-60 #HAA TH:# L 72 A. phagocytophilum
& THP-1 # g8 TH # L 72 4
phagocytophilum TIX, % OHRMEIZZER
BnhdHrZ xR LTWDS, 4
phagocytophilum 13, BEAFREIZ P44 SME
BEREHERBEL WS, ZTOEHER
X7 A ki 113 fE O AR R EF
(p44multigene family) 28 £ £ L . 4.
phagocytophilum VZAEENT, p44 ORI
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LEETREERHE L CHREERZF & &
Tz ERmLRTWA, Ll Mk
LERTIE., EBENTORERDNALT
AMTFELRN D, ZOHRERITE
IohnweEZbNhD, LB T,
HL-60 #ifd CTHE3& L 7= 4. phagocytophilum
& THP-1 M e TH E L 2 4
phagocytophilum DTURMEDZERIL, AR
EEMBEOBEBHEOEWIZ LD 4
phagocytophilum @ selection, >FE ¥ B/
5 P44 BAEREERBL TWVWDS 4
phagocytophilum & SR L7 Z &
WZEabnEBbohi, 22T, Z0ORK
FAEMEET S 729, RTI-PCR {EIZ LD,
HL-60 #fif & THP-1 HERIZRG LT 4.
phagocytophilum D3EH, L T\ 5 pd4d Bin
FFE% mRNA LV TN LT, F 0k
8. HL-60 HiI2 TIX 4. phagocytophilum VX
Bk % 72T D p44 mRNA ZHEB L TV 5D
23, THP-1 MEAE CIXFEIC 2 FEEO psd
mRNA (P44-47 & P44-60) "L TE
D | ABEEEMROEEOBEWC L5 T,
RpD P4 BERELEAREICHEILT
VN3 A. phagocytophilum MBTETEL T3
TEMEFEINTZ, 2FED ., BADEE
IX P44-47 X° P44-60 L FERT DHUERDEE
EINTOWDAREMENE <. THP-1 Bk
Al A2 HUR & U TR AT IE, miE2 s
MBI Te BATREMENRB STz, (FE
SRR 1)

3. 775 A=%ate) ryF T HE
FUBERE D 5y R FRIFEITIZ OV T
ERO LI, SEMED 1 4 DBERN
A. phagocytophilum & R. japonica DIRA
RThHDHZEBNHALMNERST, DEY,




HAALBIZADFEAEHICIIT A~ F =) 4
phagocytophilum b RA L TV 2% FREMED
/ﬁ%ﬂ*’éﬁ’bto 2T, T A AR A L
v WWART O~ Z = RETDHY
oy F T BEEMER O S FESRE 21T
Uy F7 BEEMEREE LT
RLBEELNY /7 7 . A. phagocytophilum,
B L Ehrlichia BB & /G & Uiz, Eiz,
AT, FRRR, =R FoakILR,
BREE, RIGR (LBFE) &k
AL 5MEE) Thd, TibDH

BFF 27T RO~ F =2 BEL, &
bivew Z =% 1 O UMER IR %

i LT, DNA it 24T\, ERED Y &

> F 7 BEME OB EFREEZIT o7,
ZTORER, BELE 27 ED~vF =D 5
B, 181 [ED< X =LA 7 >
FT7 D gltd BIZT (21.9%) |, 25 [ED~< 4
=75 A. phagocytophilum O p44 B=TFE

(3.0%) . %7z 2 VL>~ & =715 Ehrlichia

BE D p28 Bin TR (0.2%) BEHEH
7o KLBEEEEY &r v F T D ghtd BIEFIT
DOWTHE, 1EIEEED 1.1 kb OB % f#
Tt LRI 21T o7, TORER. Z
NoOYryFTIXINETHREDOH D
R. japonica. R. tamurae, Rickettsia sp. LON
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Human
Granulocytic
Anaplasmosis,
Japan

Norio Ohashi," Gaowa,! Wuritu,
Fumihiko Kawamori, Dongxing Wu,
Yuko Yoshikawa, Seizou Chiya,
Kazutoshi Fukunaga, Toyohiko Funato,
Masaaki Shiojiri,? Hideki Nakajima,®
Yoshiji Hamauzu, Ai Takano, Hiroki Kawabata,
Shuji Ando, and Toshio Kishimoto

We retrospeciively confirmed 2 cases of human Ana-
plasma phagocytophilum infection. Patient blood samples
contained unique p44/msp2 for the pathogen, and antibod-
ies bound to A. phagocytophilum antigens propagated in
THP-1 rather than HL60 cells. Unless both cell lines are
used for serodiagnosis of rickettsiosis-like infections, cases
of human granulocytic anaplasmosis could go undetected.

Japanese spotted fever (JSF) and scrub typhus, which are
caused by infection with Rickettsia japonica and Orien-
tia tsutsugamushi, respectively, are common rickettsioses
in Japan (/). National surveillance (http://idsc.nih.go.jp/
idwr/CDROM/Main.html [in Japanese]) indicates that JSF
occurs frequently in central and western Japan and that
scrub typhus is present throughout Japan, except in Hok-
kaido. In JSF- and scrub typhus—endemic areas, cases of
non-JSP and non-scrub typhus disease with rickettsiosis-
like fever have often been reported. And, human infection
with R. heilongjiangensis, a spotted fever group (SFG)
rickettsia, has been identified in Japan (2). Furthermore,
Anaplasma phagocytophilum has been detected in Ixodes
persulcatus and 1. ovatus ticks, and Ehrlichia chaffeen-
sis has been detected in deer (3—-6). More recently, we
identified A. phagocytophilum infection in ticks (Haema-
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cellence Program, Shizuoka City, Japan (N. Ohashi, Gaowa, Wu-
ritu, F. Kawamori, D. Wu, Y. Yoshikawa); Kochi Institute of Health,
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Tokyo, Japan (A. Takano, H. Kawabata, S. Ando); and Okayama
Prefectural Institute for Environmental Science and Public Health,
Okayama, Japan (T. Kishimoto)
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physalis formosensis, H. longicornis, H. megaspinosa, and
Amblyomma testudinarium) from central and western Ja-
pan, the JSF-endemic areas of the country (7,8). We con-
ducted this retrospective study to determine the cause of
non-JSP and non—scrub typhus disease in 2 men in western
Japan who had rickettsiosis-like fever.

The Study

In 2002-2003 in Kochi Prefecture, western Japan, 2
men sought medical care for rickettsiosis-like signs and
symptoms. Case-patient 1 (61 years old) sought care for
fever (39.2°C), chills, and malaise 10 days after traveling to
the mountains (day 0, the day of symptom onset). His phy-
sician prescribed cefdinir (300 mg/day). By day 3, signs
and symptoms had not improved and an erythematous rash
on his trunk had spread; the physician suspected infection
with R. japonica or O. tsutsugamushi. The patient was hos-
pitalized and intravenously administered minocycline (200
mg/day). Results (and reference values) for laboratory tests
(day 3) follow: leukocytes, 5.8 x 107 cells/L (3.5-9.2 x 10°
cells/L); thrombocytes, 225 x 10° cells/L (155-365 x 109
cells/L); aspartate aminotransferase, 59 U/L (<38 U/L); al-
anine aminotransferase, 61 U/L (<36 U/L); and C-reactive
protein, 12.1 mg/dL (<0.3 mg/dL).

Case-patient 2, a 73-year-old lumberjack, sought med-
ical care for fever (39.2°C), headache, and malaise (day
0, the day of symptom onset). On day 4, a disseminated
maculopapular rash was noticed, especially on the trunk
and lower limbs; JSF or scrub typhus infection was sus-
pected. The patient was hospitalized and intravenously
administered minocycline (200 mg/day). Results for labo-
ratory tests (day 4) follow: leukocytes, 6.4 x 10° cells/L;
aspartate aminotransferase, 100 U/L, alanine aminotrans-
ferase, 45 U/L; and C-reactive protein, 17.2 mg/dL.

In 2003, blood clots and serum samples from the 2
patients were transferred from Kochi Institute of Health
to the University of Shizuoka, where they were stored at
-20°C until a retrospective analysis could be performed.
DNA was extracted from the blood clots, and nested PCR
was performed, as described (3,9), to detect SFG rickett-
siae 16S rDNA, O. tsutsugamushi 16S t1DNA, 4. phagocy-
tophilum p44/msp2, and Ehrlichia spp. p28/omp-1 (Table
1). To avoid DNA contamination, we performed PCR,
electrophoresis, and cloning were performed in separate
laboratories. As a negative control, nested PCR without
DNA template samples was performed for each sample.
PCR detected A. phagocytophilum p44/msp2 multigenes in
acute-phase blood clots from both case-patients, and SFG

'"These authors contributed equally to this article.

2Current affiliation: Ehime Prefectural Central Hospital, Matsuyama,
Ehime, Japan.

3Current affiliation: Kochi Medical School, Nankoku, Kochi, Japan.
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DISPATCHES

Table 1. Results of PCR for select rickettsial organisms for 2 men with human granulocytic anaplasmosis, Kochi Prefecture, Japan®

Nested PCR resultt

Days after Orientia tsutsugamushi  Anaplasma phagocytophilum
symptom onsett  SFG ricketisia 16S rDNA 16S rDNA p44/msp2 Ehrlichia sp. p28/omp-1
Case-patient 1

3 Negative Negative Positive Negative

19 Negative Negative Negative Negative
Case-patient 2

4 Positive Negative Positive Negative

11 NA NA NA NA

*SFG, spotted fever group; NA, not available.

tAfter in-hospital treatment with minocycline (200 mg/d), both case-patients improved clinically and were discharged on days 20 and 12, respectively,

after symptom onset.

tBefore being used in PCR, blood clots from the patients were homogenized by using BioMasher (Nippi inc., Tokyo, Japan) and treated overnight with
100 U of streptokinase (WAKO Pure Chemical Industries Ltd, Osaka, Japan). DNA then was extracted by using the QlAamp DNA Mini Kit (QIAGEN,
Valencia, CA, USA). Multiplex nested first-step PCR for SFG rickettsiae and O. tsutsugamushi was performed by using the following primers: RO-1F (5'-
CCGTAAACGATGAGTGCTAGA-3') and RO-R1 (5'-CCGAGAACGTATTCACCGC-3'). Multiplex nested second-step PCR for SFG rickettsiae 16S rDNA
was performed by using the following primers: R-2F (5'-GAAGATTCTCTTTCGGTTTCGC-3') and R-2R (5'-GTCTTGCTTCCCTCTGTAAAC-3'). Multiplex
nested second-step PCR for O. tsutsugamushi 16S rDNA was performed by using the following primers: O-2F (5-GACATGGTAGTCGCGAAAAATG-3")
and O-2R (5'-TGCAATCCGAACTGAGATACC-3"). A. phagocytophilum p44/msp2 was amplified by using primers p3726, p4257, p3761, and p4183, and
Ehrlichia spp. p28/omp-1 was amplified by using primers conP28-F1, conP28-R1, conP28-F2, and conP28-R2, as described (3,9).

rickettsia 16S rDNA was amplified from a sample from
case-patient 2 (Table 1).

Amplicons of p44/msp2 were subjected to TA clon-
ing (TA Cloning Kit; Life Technologies, Grand Island, NY,
USA), and randomly selected recombinant clones were se-
quenced and analyzed phylogenetically (Figure 1). A total
of 28 p44/msp2 clones from case-patient 1 shared 27.5%—
100% similarity with each other and were widely dispersed
in the tree. The 40 clone sequences from case-patient 2
shared 97.5%—100% similarity with each other and grouped
into a single cluster. Using Blast (http://blast.ncbinlm.nih.
gov), we compared the sequences with those in GenBank; 27
previously identified p44/msp2 variants from human isolates
and ticks collected in Japan were identified as the closest rel-
atives to p44/msp2 cloned from the 2 patients. We included
the 27 variants in the tree; however, some were widely sepa-
rated from the related clones (Figure 1). For case-patient 2,
the 389-bp sequence of the 16S rDNA amplicon (determined
by direct sequencing) was 100% identical to that of R. ja-
ponica YH (GenBank accession no. AP011533).

Serologic evidence of infection was demonstrated by
using indirect immunofluorescence assay (IFA) and West-
ern blot analysis as described (10,11). In IFAs, IgM and/
or IgG from serum samples from the case-patients reacted
with 4. phagocytophilum cultured in THP-1 rather than
HL60 cells, and seroconversion was stronger in convales-
cent-phase serum samples (Table 2). IgG titers against R.
Jjaponica were also higher in convalescent-phase samples
from case-patient 2. Western blot analysis further con-
firmed the specific reaction to the 44-kDa outer mem-
brane proteins (P44s) of A. phagocytophilum cultured in
THP-1 cells and/or to the recombinant P44-1 (1P44-1) in
serum samples (Figure 2, Table 2). However, using the
same serum samples, we could not detect P44 antigens of
A. phagocytophilum propagated in HL60 cells (data not
shown), supporting the IFA result.

290

In central and western Japan, most cases of tickborne in-
fectious and febrile disease have been reported as JSF (/,73),
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Figure 1. Phylogenetic analysis of Anaplasma phagocytophilum p44/
msp2 multigenes detected in blood from 2 men in Kochi Prefecture,
Japan. Each p44/msp2 PCR product was cloned (TA Cloning Kit;
Life Technologies, Grand Island, NY, USA) into the PCR2.1 vector,
after which recombinant clones were randomly selected and the
DNA inserts were sequenced. The tree was constructed on the basis
of the 117-133 aa sequences of the p44/msp2 genes by using the
neighbor-joining method. The closest relatives to sequences for the 2
case-patients are included in the tree. Those sequences have been
published in GenBank: patient2-day27 (obtained from a US patient);
P44-2, P44-8, P44-10, P44-11, P44-13, P44-18E, P44-28, P44-35,
P44-39, P44-40, P44-41, P44-48, varHH2, and WMSPS5 are from
human isolates; and 44-kDa outer membrane proteins are from ticks
collected in Japan. Boldface font indicates the 28 p44/msp2 genes
from case-patient 1 and the 40 from case-patient 2. Numbers on the
tree indicate bootstrap values for branch points. Scale bar indicates
the percent of sequence divergence. Data in parentheses indicate
the number of p44/msp2 clones with identical sequences and the
sequence accession numbers.
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Table 2. Detection of IgM and IgG in serum samples from 2 men with human granulocytic anaplasmosis, Kochi Prefecture, Japan*

Antibody titers, IgM/IgGt

Days after symptom R. japonica, cultured in

O. tsutsugamushi,

Anaplasma phagocytophilum, propagated in

onset 1929 cellst cultured in L929 cells§ HL60 cells THP-1 cells
Case-patient 1

3 <20/<20 <20/<20 <20/<20 80/<20

19 <20/<20 <20/<20 <20/<20 320/80
Case-patient 2

4 <20/<20 <20/<20 20/<20 40/40

11 <20/320 <20/<20 <20/<20 160/80

*All Western blot testing using recombinant P44-1 antigen detected igM and IgG; the antigen reacted with all sera tested, as shown in Figure 2.

1Determined by using indirect immunofluorescence assay.
tRickettsia japonica strain YH.
§Orientia tsutsugamushi strains Gilliam, Karp, Kato, and Kawasaki.

several species of ticks, and at least 3 species (H. formosen-
sis, H. longicornis, and 1. ovatus) seem to be associated with
R. japonica and A. phagocytophilum (7,8). National surveil-
lance during 1999-2010, showed that JSF was endemic in
Kochi Prefecture during 1999-2004. More recently, JSF-
endemic areas are Mie, Kagoshima, Wakayama, and Kuma-
moto Prefectures rather than Kochi Prefecture. Our survey
demonstrating the presence of 4. phagocytophilum—infected
ticks in Mie and Kagoshima Prefectures (&) indicates that
there is a risk for dual infection with R. japonica and A.
Pphagocytophilum in JSF-endemic areas of Japan.

A. phagocytophilum cultured in HL60 cells is gener-
ally used as a source of antigen for serodiagnosis of human
anaplasmosis. Our findings show, however, that titers of
antibody against A. phagocytophilum propagated in THP-1
cells were higher than those propagated in HL60 cells. We
further analyzed the transcription of p44/msp2 multigenes
encoding P44 repertoires (major antigens of 4. phagocyto-
philum) in infected HL60 and THP-1 cells by using reverse
transcription PCR followed by TA cloning as described
(7). The analyses showed that a transcript from the p44-60
gene and another from the p44-47 gene (75% and 25% of
transcripts tested, respectively) were dominantly expressed
in A. phagocytophilum propagated in THP-1 cells but not
in HL60 cells; several transcript species other than p44-
60 and p44-47 of p44/msp2 multigenes were expressed in
A. phagocytophilum propagated in HL60 cells (data not
shown). A previous proteomic study supported the vari-
ety of P44 repertoires produced by 4. phagocytophilum in
HL60 cells (14). The difference of p44/msp2 expression
between HL60 and THP-1 cell cultures may reflect the dis-
crepancy of antibody titers obtained by IFAs. Furthermore,
in IFAs using infected THP-1 antigens, IgM titers tended to
be higher than IgG titers, even in convalescent-phase serum
samples. These patients probably produced IgG reactive
with P44 species other than P44-60 and P44-47 that were
dominantly expressed in 4. phagocytophilum propagated
in THP-1 cells; Western blot analysis showed that IgG in
patients strongly bound to recombinant P44-1 rather than
P44s (probably including P44-60 and P44-47) of A. phago-
cytophilum propagated in THP-1 cells. Thus, cases of hu-
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man anaplasmosis could go undiagnosed if only infected
HL60 cells, and not THP-1 cells, are used as antigen for
serodiagnosis of rickettsiosis-like infections, as is currently
done when using IFAs.

Conclusions
We documented 2 cases of human granulocytic ana-
plasmosis in Japan, 1 with and 1 without JSF coinfection.

Case-patient 1
Day 3 Day 19

Case-patient 2
Day 4 Day11

Positive

In_Un 1P _In_Un P In U

igi

Case-patient 2
Day 4
U

Case-patient 1
Day 19
P In U

Negative
serum
P in U

Day 3
P In U

lgG

Figure 2. Western blot analyses, using recombinant P44-1 protein
(rP44-1) and Anaplasma phagocytophilum-infected THP-1 cells as
antigens, of serum samples from 2 men, case-patients 1 and 2,
who had A. phagocytophilum infection, Kochi Prefecture, Japan.
The Escherichia coli, which produced rP44-1, was kindly provided
by Yasuko Rikihisa (Ohio State University, Columbus, OH, USA).
The rP44-1 and the rabbit hyperimmune serum (positive control
serum) were prepared as described (77,72). Results for a negative
control (human serum sample) are included. The primary human
serum samples tested were diluted 200- to 400-fold; rabbit
serum sample (positive control) was diluted 2,000-fold. The goat
antihuman IgG and IgM alkaline phosphatase conjugates (Life
Technologies, Grand island, NY, USA) were used as secondary
antibodies. Days represent days after symptom onset. P, rP44-1

antigen; In, infected THP-1; Un, uninfected THP-1 cells.
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To avoid misdiagnosing cases of human anaplasmosis, we
recommend that 4. phagocytophilum propagated in THP-1
and in HL60 cells be used as antigens for the serodiagnosis
of rickettsiosis-like infections.
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were typical of lymphangitis-associ-
ated rickettsiosis, and most cases of
rickettsioses in southern France in
the spring are caused by R. sibirica
mongolitimonae. Clustered cases of
SFG rickettsiae infection have been
reported in Europe, including south-
ern France (3,6). In 2007, R. conorii
and R. massiliae infections in humans
were reported (3). In 2010, cases for
which we were unable to discriminate
between R. conorii and R. massiliae
infections occurred in a family (6). In
these 2 studies, clustered cases of SFG
rickettsiosis involved Rh. sanguineus
ticks. Clustered cases appeared to be
related to an increase in aggressive-
ness of ticks toward humans during
warmer periods (3). In our study, no
correlation was identified with warm-
er weather.

R. sibirica mongolitimonae is
most frequently associated with Hya-
lomma spp. ticks (1,2,4). However, 1
case of infection with this bacterium
was associated with Rh. pusillus ticks
collected in Portugal (7); DNA from
this bacteria was also identified in
an Rh. pusillus tick collected from a
mongoose. The European wild rab-
bit is the primary host of RA. pusillus
ticks. However, these ticks have been
found on wild carnivorous animals,
dogs, and domestic cats (8); these
ticks can bite humans (8). Moreover,
R. massiliae and R. sibirica mon-
golitimonae were found in Rh. pu-
sillus ticks from Spain (9), and SFG
rickettsiae were found in ticks from
Sardinia (10). Therefore, Rh. pusillus
ticks appear to be an emerging vec-
tor for R. sibirica mongolitimonae
in Europe.
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Rickettsiae
in Ticks, Japan,
2007-2011

To the Editor: Japanese spot-
ted fever (JSF), caused by Rickettsia
Japonica, is the most prevalent tick-
borne infectious disease in Japan (7),
occurring most frequently in central
and western regions (http://idsc.nih.
go.jp/idwr/CDROM/Main.html  [in
Japanese]). Cases of unknown fever
with rickettsiosis-like symptoms not
associated with JSF have been report-
ed in JSF-endemic regions of Japan
(2). Several spotted fever group (SFG)
rickettsiae (R. japonica, R. heilongji-
angensis, R. helvetica, R. tamurae, R.
asiatica, Candidatus R. tarasevich-
iae) and other related Rickettsia spp.
have been identified in Japan (/,3—6).
Human infections with R. heilongji-
angensis and R. famurae have been
confirmed (3,5), and Anaplasma
phagocytophilum  and  Ehrlichia
chaffeensis, known human pathogens,
have been detected in ticks and deer
in Japan. We conducted this study to
determine the risk in central and west-
ern Japan for human exposure to ticks
harboring SFG rickettsiae, 4. phago-
cytophilum, or Ehrlichia spp.

In 2007-2011, we collected 827
Haemaphysalis, Amblyomma, and
Ixodes spp. ticks (392 adults, 435
nymphs) by flagging vegetation in the
prefectures of Shizuoka, Mie, Wakaya-
ma, Kagoshima, Nagasaki (Goto Is-
land), and Okinawa (the main island
and Yonaguni Island) (Technical

. 2, February 2013



Appendix Figure 1, wwwne.cdc.gov/
ElID/article1/12-0856-Techapp/.pdf).
We extracted DNA from the salivary
glands of each tick and performed PCR
to amplify gltd, 16S rDNA, and ompA
of SFG rickettsiae. To detect 4. phago-
cytophilum and Ehrlichia spp., we
performed nested PCR targeting the
p44/msp2 and p28/omp-1 multigenes,
respectively.

PCR gltdA screening revealed
SFG rickettsiae in 181 (21.9%) of the
827 ticks (Table). We obtained nearly
full-length (1.1-kb) glt4d sequences
and classified them into 5 groups
by phylogenetic analyses (Techni-
cal Appendix Figure 2). Sequences
for groups 1 (prevalence 1.0%) and
2 (prevalence 3.2%) were identified
as R. japonica YH (GenBank acces-
sion no. AP011533) and R. tamurae
(GenBank accession no. AF394896),
respectively (Table). Group 3 (preva-
lence 15.1%) sequences were iden-
tical to that of Rickettsia sp. LON
(GenBank accession no. AB516964).
The sequence for group 4 (prevalence
1.6%) was closely related to that for
R. raoultii strain Khabarovsk (98.8%
similarity), and a part of the sequence
(342 bp) was identical to that of Rick-

ettsia sp. Hf 151 (GenBank accession
no. AB114815). Group 5 consisted of
4 newly identified rickettsiae (Tech-
nical Appendix Figure 2). Of these
4 rickettsiae, 3 (Mie311, Gotol3,
and Mie334) were closely related
to R raoultii strain Khabarovsk
(98.0% identity) and 1 (Mie201) was
similar to Candidatus R. principis
(99.7% identity).

We further analyzed the 16S
rDNA and ompA4 in gltA-positive tick
samples. The 16S rDNA and ompA for
group 1 samples shared 100% iden-
tity with 16S rDNA and omp4 of R.
Jjaponica YH (AP011533). The 16S
rDNA of group 2 was identical to that
of R. tamurae (AY049981). In groups
3-5, some of the specific amplicons in
16S rDNA or ompA could be detected;
their sequences were confirmed to be
similar (but not identical) to those of
several known rickettsial sequences.

We amplified the p44/msp2 ampli-
cons of 4. phagocytophilum from 25
(3%) of 827 ticks (Table). By cloning
(TA Cloning Kit; Life Technologies,
Carlsbad, CA, USA) and sequenc-
ing these amplicons, we obtained and
identified 60 new TA-clone sequences
(366507 bp) for p44/msp2 (GenBank
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accession nos. JQ697880-JQ697950);
these sequences may include a poten-
tially novel Anaplasma species. (7).
Ehrlichia p28/omp-1 was detected
from 2 (0.2%) of the 827 ticks. Of 5
TA-clone sequences (284315 bp) ob-
tained from the 2 ticks, 2 from an A.
testudinarium tick (GenBank acces-
sion nos. JQ697886 and JQ697887)
shared 83.3%-86.7% similarity with
E. ruminantium Gardel Map-1 (Gen-
Bank accession no. YP196842), and 3
from an H. longicornis tick (GenBank
accession nos. JQ697888-JQ697890)
showed the closest relationship to E.
ewingii omp-1—15 (67%—73% similari-
ty; GenBank accession no. EF116932).

We identified the tick species as-
sociated with R. japonica as H. formo-
sensis, H. hystricis, and H. cornigera,
and another study reported an associa-
tion with Dermacentor taiwanensis,
H. flava, H. longicornis, and 1. ovatus
(4). In our study and previous stud-
ies, the tick species associated with
A. phagocytophilum in Japan were
identified as H. formosensis, H. lon-
gicornis, H. megaspinosa, 4. testudi-
narium, 1. ovatus, and I persulcatus
(8). Thus, it appears that 3 tick species
(H. formosensis, H. longicornis, and I.

Table. PCR survey results for Haemaphysalis, Amblyomma, and Ixodes spp. ticks tested for rickettsiae, central and western Japan,

2007-2011*

No. Total no. No. (%) ticks positive for

ticks (%) ticks Rickettsia gltA, by species groupt A. phagocytophilum Ehrlichia
Tick species tested  positive Group1 Group2 Group3 Group4 Group5 p44/msp2 p28/omp-18§
H. formosensis 224 6 (2.7) 1(0.4) 0 0 0 5(2.2) 18 (8) 0
H. hystricis 97  19(19.6) 6(6.1) 0 0 13 (13.4) 0 0 0
H. longicornis 294 119 (40.5) 0 0 119 (40.5) 0 0 2(0.7) 1 (0.4t
H. flava 55 6 (10.9) 0 0 2 (3.6) 0 4(7.3) 0 0
H. kitaokai 10 0 0 0 0 0 0 0 0
H. megaspinosa 18 4(22.2) 0 0 4(22.2) 0 0 1(5.6) 0
H. cornigera 11 1(9.1) 1(9.1) 0 0 0 0 0 0
A. testudinarium 112 26 (23.2) 0 26 (23.2) 0 0 0 3(2.7) 1(0.9)
A. geoemydae 1 0 0 0 0 0 0 0 0
|. ovatus 5 0 0 0 0 0 0 1(20.0) 0
Total 827 181(21.9) 8(1.0) 26(3.1) 125(15.1) 13(1.6) 9(1.1) 25 (3.0) 2(0.2)

*DNA was extracted from the salivary glands of each tick by using the DNeasy Mini Kit (QIAGEN Sciences, Germantown, MD, USA) and used as a
template for PCR. The newly identified sequences of gltA, 16S rDNA, ompA, p44/msp2, and p28/omp-1 in this study were deposited into GenBank under -
accession nos. JQ697880-JQ697959, A. phagocytophilum, Anaplasma phagocytophilum.
1The PCR primers used, gltA-Fc (5'-CGAACTTACCGCTATTAGAATG-3') and gltA-Rc (5'-CTTTAAGAGCGATAGCTTCAAG-3'), were designed in this
study. Groups: 1, Rickettsia japonica YH (GenBank accession no. AP011533); 2, R. tamurae (GenBank accession no. AF394896); 3, Rickettsia sp. LON-
13 (GenBank accession no. AB516964); 4, Rickettsia sp. Hf151; 5, other rickettsiae.
PCR primers of p3726 (5'-GCTAAGGAGTTAGCTTATGA-3'), p3761 (5'-CTGCTCT[T/GJGCCAA(AG)ACCTC-3', p4183 (5'-
CAATAGTIC/TITTAGCTAGTAACC-3'), and p4257 (5-AGAAGATCATAACAAGCATTG-3") were used for detection of p44/msp2.

§PCR primers conP28-F1 (5'-AT[C/TIAGTG[G/CIAAA[A/G]TA[T/C][A/G]T[G/A]CCAA-3'), conP28-F2 (5'-

CAATGG[A/G][T/A]JGG[T/CICCIA/CIAGA[AIGITAG-3'), conP28-R1 (5'-TTA[G/A]JAA[A/G]G[C/TIAAA[C/TICT[T/G]CCTCC-3'), and conP28-R2 (5'-
TTCCIT/C]TGIA/GITA[A/G]GIA/CIAA[T/GITTTAGG-3') were used to detect p28/omp-1.
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