TE RS WAL AR T eI PR IR BT £ >~ ¥ —BFJEdE. No. 17 (2009)

#2 BREXIBNOHRD O. tsutsugamushi (2% 5 1gG PR RA IR

AKX, B BURE R A AL % R L 2 s _
_ Karp ¥ Kato#k Gilliam # Kawasaki # Kuroki % B &uAMiEE™"
L HER ThHAXSI 40 7 0 1 3 0 1 (KP=KW=KR)
S35 3 B 4y 0 0 0 0 0 0
7 AX3 1 1 0 0 0 0 0
AIASLKX3 1 0 0 0 0 0 0
HER THARKXI 31 7 0 1 0 1 0
R ThHRXI 29 9 0 0 3 0 1 (KP=KW)
TOMKFR  THAXI 8 3 0 0 0 0 0
KHENAR THFRX3I 13 6 0 0 2 0 1 (KP=KW)
PEER T7hH AR 11 7 0 0 1 0 1 (KP=KR)
it 139 40 0 2 9 1 4
¥ RESPUEMT AR LR OB
. FHHEIUEICOWTREIKGARETH - 7
() PIEFEMETH » 72HE (KP : Karp, KW : Kawasaki, KR : Kuroki).
BAYE 10, ®E XK T Kuroki #1230 L TREHUE
fliZ RTEBA 1 EER SN 2B, EEoOBEIK r MatsuzawalaF173043) % JP-1
e — - It K
LCREHAMZ R EFRS 4 Hlw o e, ey \ "
Hirahata(AF201835)
Hiroshima08-YN102
3 0. tsutsugamushi DNA #H R Hiroshima0B-11¥100
R % 17 B 164 FOMB % HE & LT PCR 12 berienvies
FAREFRIER o2 LTS, 1A UFEDT | s
iroshimalg-KNs1
A ZXINEETFBEEE R/ (M1, £3) UHo Fifoshim a08-$82
Hiroshima08-SE5S8
DNA @ primer10/11 #3350 ¥4 15 o 35 B 5] % HesE Hrm:hl:aDB-SESS
L. BADNA #—#%,5v7 (DDB)) EHShTw | ooy B
% O. tsutsugamushi OFEHERREDEEERY % TH :‘ms'r‘)""ag:‘zizf
FRAGBMENTEZERL 2L A, 24 57 22 151 Karp | |Hwosnmaos-seso
(JP- 2) . 1#kid Karp (Saitama) R, $Io 1 12 et
Kawasaki B2 5 2 5 —ICR LTz (R2). %8, i
Karp (JP- 2) # o 22 4 primer10/11 #Hi 13 & TH HIroshima08-TH38
Hiroshima08-
5” A% 100%“‘& LTw7. H\ros;mag:v:ga
KNP1GF302987) }
R38(AF173178)
% g Hiroshima08-Hi54 }
HSB1(AF302983) Sait:
A‘"UFP“(}‘F:#OQ‘QQ‘\) erema
EBRIIB 2000 HEEEORERAANS 5 H — b
EADT, BT ARG 12 Blid THs < ikt pease 73039 R
DIy =Y BRTH, ZOE L BKRFEORMEFOKE OIShIAF173087
PR TRELTVS [3]. ChETOMERLLZO —~§§;’:j;2;.,".'§:3§?j’ } Kawasaki
W TIX, BE»S 75774 Yo Kawasaki Hp(':i;’;"fgzmw ‘
BD O. tsutsugamushi ® DNA BB 2NTHBYH [3], AKita(AF17204%) } Kato
Qimagan (&F 1730407
$2YFYIHALLDEBLHRIATYS (2], 4 LLF.Wﬁmm i
F & A E M L 7-# % T Kawasaki B DNA 25#kiH X h g ;
RTAAAIS OMRTHBES N LOTH 12 & Shmokosnie3369 Srimokosti
Fuji 4F201834)
NoEHEELS L, KBRAOKEIITRKTIE S 7 _'—4:.1£;.73042,
V0 W AN E O Kawasaki B O. tsutsugamushi % o

GHL, SHZE2000BmARELTVELDLEE
b5,
s, KHEN LA O {8 T LB A I B

* () NIIHERDNAF— Y20 7 OBDOT 2L ar F

K2 7H3ZX3I00MEIN 0. tsutsugamushi 56kDa
G 5 2 2% 7 S8R T Sifst
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R BRI S HeR T (RIBIRSE L & —IFFEHLY. No. 17 (2009)

#£3 THFXIDHBRUENS O, tsutsugamushi DNA & Z 05815 T-H

B R No. AN #ii DNA LT A
AL HER 8 HERTH Hiroshima08-TK28  Karp (JP-2) B!
HER 11 s Hiroshima08-S187 Karp (JP2) ®

11 BT Hiroshima08-SI88 Karp (JP-2) H!
12 il Hiroshima08-KN81  Karp (JP-2)
12 Rl Hiroshima(8-KN82 Karp (JP-2) B
17 RET Hiroshima(06-FC7 Karp (JP-2) %
R 24 [ 8=Y7 Hiroshima08-SW62  Karp (JP-2) %!
26 LEw Hiroshima08YN100 Karp (JP-2) &
26 N =Tii Hiroshima08YN102 Karp (JP-2) %!
26 Nl Hiroshima08-YN103 Karp (JP-2) #!
RROIIE S 30 [THEE: %y =1:1] Hiroshima08-CY45  Karp (JP-2) ®
30 WHEFRALL BRY Hiroshima08-CY47  Karp (JP-2) #
KENAKHR 33 IS Sl =111 Hiroshima08-TH38  Karp (JP-2) #!
33 WA e 1 BT Hiroshima08TH40  Karp (JP-2) &
35 IR B KIHET  Hiroshima08-NT32  Kawasaki !
P 39 HAHH Hiroshima08-HI49 Karp (JP-2) ®
39 o= i) Hiroshima08-HI53 Karp (JP-2) M
39 HHmH Hiroshima08-HI54 Karp (Saitama)®
41 HHHH Hiroshima08-SE50 Karp (JP-2) ®!
41 Rkl Hiroshima08-SE51 Karp (JP-2) ®
41 trEHm Hiroshima08-SE52 Karp (JP-2) #!
41 HHHH Hiroshima08-SE55 Karp (JP-2) ®
41 Hawd Hiroshima08-SE56 Karp (JP-2) ®
41 HHTH Hiroshima08-SE58 Karp (jP-2) ®

WHEHACREPSZIMTITRELTW SRS, 50D
BET, BAOEWEEICE L ST Karp (JP- 2)
NS L 7B R R Karp B2 L TR WHEM LR
HRASSHASRIERS, ThODHIRIZBNT
it Karp (JP- 2) B X 2000 HBEBEEL TS
HEEEXELONRSE. TOKarp (JP-2) Bz 7 +5
VI LVEAMETH LN (1], BERIZBRATERSL
RREERSS, BAOBEROBERERITETIE7 b
FUYHAYHERENTWBEIENS [6] [7]. BA
DIERBOHIRTZ b7V Y F 4 A ED Karp (JP-
IRNBEOREIBHE LT LTRSS HE. T/,
Kawasaki BRic# L CHVWHRAfiZ R~ 753 X 3EK
BNpHEROATHLHESINLZ LS, S, Kawasaki Bl
HERLOBBTREEREIIRS LT THRELD
5.

B, S, WHTHO 1 EAOHFH 1 EHASRH X
N/ Karp (Saitama) BlZDowWTH, EBERTUEND
THEShZLOTHS, BETEIAITIIHER
(8], WL [9]. =21 [9]. BmmE [9] BLUES
B [10] BRI SHRM SR T2, BELLOKRE
FoFmEIEL v [10]. LEETORBOBEIIZ0OS
MERTHART—5yThHY, SHBADBEREIZS
WTid, Karp (Saitama) BUZ X ATEEMIZLRET S
LEYH 2.

FRSUSHI L. Gilliam ¥ 3 2 id Kuroki #1264

LRV R T HERL VBRI TVWB I LD

H, TN6DBD 0. tsutsugamushi BEHIZFEEL T
WRHERLEXOND. % ThooBEFERET
BOONHREENREL TV AMERLBFICARL
RENLELERSD.

UE EBRRNICBT2OoNMREEREORER
FHOIITAOICHREIZBIY S O. tsutsugamushi
DEERROAEZ2T-LEE>» S, BEATIAAHE
Nt o Kawasaki 8 (7 7 v v 7 4 Y4 1%)
O. sutsugamushi \Z & 5 BERAEDSNC, BV#HiET
Karp (JP- 2) B (7 by oy haintt) (JX2H
ERENPRI o TVDLIEAHRREENL. 41
BED LD 0. tsutsugamushi DEBERE, &N
YHLYDRALBET— s 0ERLZEEBLT, LB
BoOBE L 1Io00faERE) 2 7 2 HLTn <z

EBUBETHLEEZ T WA,
X &
(1] HERFAE, IAREE (2007) @ 2odhf - SH%
FeRESE . Yo LHEEBRKEE, 151-164, &
BEMRETHE.

[2] WS REHE £FR IARZET SEHMp
5L, FHZFEH (2001)  EBRIZBVWTRVWZ3N
120 I H A SRS ROBIDBERI B L UEFEREIT,
RASEEMEE, 75 (5). 365-370.

[3) BRI AHL TH 0K F— AN Bz 8

19

—244 -



[4]

(5]

(6]

(7]

[81]

20

KRR LR AT IR L~ ¥ — TR, No. 17 (2009

e Fl fE BB EZ keaRiZ, g
EfF. HH EE 2002 (EBTOY ALY
HBEIMWEA S O Orientia tsutsugamushi &Iz F
K & o — 4 o AMH. LR EEMRTER
22. 101-102,

HHEFEE HEBEETF (2007) 00 RE - BE
WRYE QWAL - ¥ = & B MR GeE, 1922,
ZEENEFEHS

B VIERER R )y v F T BRES v =2
7 (2001),

=R, KEHBE, ®E®RE (1991) LB
BUBYYH LY OG5, EBREERENTE
i, 38, 17.21. ‘
mi%, BHER HFEERk E4% (1959) (LB
BTS2 ERBOFHHROVR, HEHY,
10, 49-54.

Akira Tamura, Narishige Yamamoto, Shoichiro

[9]

[10]
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Koyama. Yukie Makisaka. Masakazu Takahashi,
Ken-ichi Urabe, Masatoshi Takaoka, Kiyoaki
Nakazawa, Hiroshi Urakami, Masahiro Fukuhara
(2001) : Epidemiological Survey of Orientia
tsutsugamushi Distribution in Field Rodents in
Saitama Prefecture, Japan. and Discovery of a
New Type, Microbiol, Immunol. 45 (6), 439-446.
HEME (2008) : PE - MEHBIZBTY) ro
FT7 R (002 - BERARKH) oERTE
JEEE (2007 £E). T 19 FEEE A @ EREH%R
Beibhe (FH - FRENENREE) Vo F
7 REEO ENEERAER R B AR O
L BRMBE Y AT LOBEMBIREREE,
87-98.

WARSE. N EEETF (2007) : fESTHAE LRI
By FTORBRKRICOVT, HBER
BREL ¥ —-FH, 25 3941



" . f:

READIZTEL

BIE DV F T HE

5 FH AL

(y=u— )
DHEICHD )y FTERFESES ZHEIFENTIRESERET, WYY HLLIZL
BYVYHLLE, FERNMENYTYZIZEDBMBBEHSETOoND, HEEZHF Ao hnd’
5, SHRAENMEN€SHAL BB OIEMEY (Orientia tsutsugamush)) 2R B L, S B3
LULEIRIZSI 2 6854V, EBEIHA/ETIE 1980 EFREFEI L X IR (KESFHLN,
B ASDICH b 1D BAKIBE# (Rickettsia japonica) NEEXR AL, LBATIRI—~3F
LT RELBURIBOER LIRS, SHL GREBFCH SBRLAMAIEs LS, L
AT, BREDHIRE S S(CSEL, EPHNBRARO THEEMSERIEL LW,

(mERB D)
@3ERE -4 (symbiosis) & (3, BHRENEYSHIHEEBRE S LA ORAMMNIICEETS
BV, VruF7A2SCREEE, SIAEYEoMRRICERBLTEY, ¥ noiziER
Bl “IRBRAIHE" ERThD, BEEHERENE O HE > THREMBICLHBIEL TF W
U, SPERHTHL O FARERFEIRITHINSBEET "EEERE", $RBESTLTRIT#HCS
BER KRR svbhbhd, —REECVWIRETH-TH, BEOMLBRETHILTALD
BiEI PO—ATHILEE AL, HWIMILLABRTOALCIESSVL L, #EL
W ERBFREEHREF Z3TE(—FORN L LS HBRLETRTEEUENRE L TRARER
B,

OFEMEIBATEK - JNENORBA TOAHBBEEEET, ChBEHNVBEBRTIMETELOVWHEE
ML EOMEEVS, 2%, FRRERATERTELI/BLWI L EERT S, 22, Yoy F7RITHE
BIZNERTANF—EERLEEBATVAQIL EHINTHETE LWL WIRRIE, VryF
PHEORBERIHEOEEESS (HENTEIPENRHL ETEFTELVLHEFILNTWVS,
@O0Crientia tsutsugamushi-+/V # 1 REEE, HAEBFRBOZEVLHEIC L Y 1930 EMEEIC
Bufrah, BHOLTEL A B THEERIE “Rickettsia tsutsugamushi” ICE BBV TV, L
L, tOMRPFTPEEFBRITOERS S 1995 £ IZFHE L LT “Orientia” #2783 h, BB L
*0. tsutsugamushi” EEL->TESTRL{BAVLWLATVLS, $OLIA1RIETH S,
OFEMS - HEHHO I b TOMMEIE, sEHE VYU, ¥ LTFHIHPND, &
CBITH N, ABRMICLAREL TSI ARESOLS TREERRALVRIMI IS BRI
ShD, FEMZE BASOLUARBEL LIRSl TR ETI I 4B%T S
A, BN TRETELZOR VY ZH(LRFUMHF MMM & VY H L RE RO HABE
WK, BEUEEC ST THSB, Znib, BENHREREN (B E > TIIKERE)
OEBETI DRI ZEEY YL SIS,

*BHAFE V=T 7zo— BI10-1193 BHRAEHTAETER 23

ME LM vol.39 no.d 201144 B 0301-2611/11/%250/5%2/JCOPY
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@ SHALT BRI

PEX D U 7y F 7 EE (rickettsiosis) O E 2 T
13, ATBEEEE, HEF IR, VVHLAVIEREH
HEOIE» QBPHWEEA T Tb D, METHE
EOMBERLMEOEFS L L Twie, #nig,
F DR OIFE FREH B By 14 0 DR R
AFEH LW ATHBELZETHo7, L
L, 1980 EREE» SFTHEFEY 7 v F TIES
mHa N, SEFEITEORETESCE ISR
Tk ol BORAENTER, -8
T, BEEY VO GRS 7y
F 77 L GrEER R oEm v EL Z L
Rot, FIVIERTRERIT L BEESHEL
WS, AETRBERATENTERONIC > T
WAIRREI R - TR L, #RIE TR WERY
REFFETERLIZLER.

0 EAREREOE LR

1. YYHLLHER, &1,2)

VY HAVIRIZDMBET “tsutsugamushi dis-
ease”, W7 ¥ 7 Tix% { “scrub typhus” &
FELansy, TOREEEIBNZ T =DV VA
Ay DIEMEYTH> T, Fh o FRIVRE
ReCiERran G, AvORBI L E R S3HEA UM
HR)REEL, ERTEE < EILH T B AR
DORFEFILTH 57z Kato B, Z L THEZIEEAR
I & M & ToA T b Kawasaki 87 YL
DFFBBHER AN, BRIEHTHSL, Kk &
HEHFEICHEb TV % Karp % Gilliam Of#igeE
BREBT7Y7HRTENTIEASGNEZ L, &,
IR L s Ebh Twis i Kato Bz &
BRI R L b v 2 5 SRR B TR i
THRENS XD ko7 3y, BAEEEERD
EHBCREE7 Y 7B DR LER SN
Y, SRBAREIFTEEZBE L THEEE Y
TREZEIHEHS WV,

EIBT, HEIPEFEVTOLREDRKER
1960 ERIWCHEE» & Wb Tz a3y, 1980 FEH
X O EUREHDEIN(EREE» ST Lz L
WA I ETHEBRYEOfE L Az, Lal,
FEHE VD ORANBELCET N, 20
DHIRES & VD & TEBIES DR &

LTI A NS &5 T, TenAHDOFERITHES
Fwbhd, HEr LT, B KatoBEFHK
HoND LI o7% L DHEOEHFLKIF N
TEST, BELFENRIMY L5008 0n, ©
ZWELEORT L UL, RRSHIRPYE L W
25 DEPEMTH S, HErOME L 35, &
I E D &SN S RELE L T & e BRI BYE
D—DTHBHELWZ D,
AREENT Y Y H A VRSBV TD
HEMENCHFET S, FOMNIQZCEE L
Bz UpRETER WD, TINTIE 4 < A%
BHEIT 5. ORI A Y OEERD & TR
DR R R B R TR L O BETE U RS e
LA BEU 5, ZORFEESIEMEL TIHE T
BICHAA SN THRIET % $ TOHEDERIETH
b, FER B A ERIBHEA~*HTH2, &
BIZBWTR, 8775 LREFIEEYTH
B, IV 70 RERIME BN L
2. 8, LA ELERRGBE? 2V EEEL
DFREMELI R E 2 AEESE T2, $72, KH
DFEEGFEE OERHLEETH 5,

2. FRBEYEYL L ToOMsH(X2,3, £1,2)
< WA TH BEEEY 7 v F 7 (spot-
ted fever group rickettsiae, SFGR) Xt/
AL, BT EDRBEBEEARSETH
%, bPETIE, BEOHERE D, 1980 £/
WihoTRbLRFTEBRRAE & U T HARL
(Japanese spotted fever) BFE S iz, BRI
Y Y H LARICEMT 5, B RERE A
v, BTEHEE LSO TH R FEHEBR W
ah, EREBEIIEREE LG0T 100 FlEE
25 Lm0, Balidfo ke OAFEMIRR
HEPTEIMNEMTOSRSBEETLHS. MR T
I, BN 7Y 7 H53 W EEET7 YT &
HBEMOHE- Y B ZOHEESFGRIZL 3
FEFIBE S5 L5k 0, ERNORN L SR
ZedbhroTER,

< S R OESNY YA LAY I DRRBICKRE W
oo, MUORETEMME#H: CEE, LA
(REEEIEDE) /0 a < & bREESITEIIC
o> TEBCHATEND I2OFELR YL, FEYIC
B o5 FELRE OB 5 WP H
CHRT20TEELRY, BERYYTLAVE

g T vol.39 no.4 20114E4 H 3
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R1 bHrEERLL LTy F7ENRR

JGHWU P28/ 7 MYV H LY
Kawasaki %2> U Kuroki /¥ 7V Y H Ay

Kato B/ 7 4V Y H LY
BEBEROE/ TV —VVFT LY

EBR/ERR BEE/ERENE TR
FIBEEEE (R CEAIFERS)
B HIBEE, R. japonica/F= ¥ =& RV HA~EH, K797 ?
(BAR A~ REVaEE RS T b RERRH)
FRSATBIE, ({RFF) R. heilongjiangensis/F~ ¥ =& 7Y 7~JtaE
(Bef, BELHb5 THESRRY)
NIRRT FRERAE (RFR) | R. helvetica/~ 5 =& g—uyss, F44EE, LEE
: GESE, dtkEsh CHERRG)
4 I TERSE (RFR) R. tamurae/ %2 7 <5 =& HE7Y7~EEEE
(B0, EH#S THFH)
FPETPFHRBRERI) | R asiatica/ <5 =B B7Y7~H&
GRS, b CELIB)
KIBESAEY (AN DEER)
0 v F— | LIHTBES: Rickettsia rickeltsii/ % 27 <5 =& 67 AV HKEE
ORINFRYF TR R. sibirica/ &~ = YRY 7T, FRTIT, FEK
Ry 8 R. conorii/ a4 ¥ =5 =& HHERE~A Y F~7 70 %
Ny FFPE R. akari/ v ¥ =3 kK, vy7, 770228
REF 7 A5 (HFICEF)
REFITA R. prowazekii/ 3 mEY Z I T s
RE® R. thpi/AXE /& TSR B
EHRRE (T O TRE)
Y H IR Orientia tsutsugamushi HA, BR~HE7 Y7, M

(AtgE~FuM)
(RALHE~FAPaRESS)
(BRALEE DV EER)
(B, EHE CHERE)

HOPERY 7 v FTHCEERTWT O R L TR VWRFRGSRBISAOEEEER <.

ﬁlﬁi#ﬁmifé‘é
RIBFELY EE

y Eiﬁi’& &
@%‘—i
\* AR

% TR LHRED CHRFR
w1t
5
%@\ .
438 e

bkﬁE
1734
(3mE)

EHHR

1 Y HAVROBRIE
EEERBEOEMCEE - T EBNEELNICEE U CGRBKR 2 ERT 52178, 6LF
EIH L ORFS DIRE,

RELHM vol.39 no.4 201144 B
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g2 VVHLIUEE BFAIBIERDERE & USIGDLEE

k=] WY H LR B AHIBEE: (RIS Tt tadhid)
BNE TINFOVH LY (BEK) BREKSE~ S =REDE~FKITH )
TV H LAY FR~TIEL)
FAVY T LAY (E)
RRER et 7T~10 H TRIE Bt 2~8 H (F9H) L HEWRIE
& R 38~39°C DithiREk 39~40°C DitiREE
® 2 FRHERFEPREECRRY) 25 FEPEESD) LIELIEHIMmYE
Lo FElem ASHDEWESE EXW/NSEOES
HED PP THETELNUILEI2EDEHE 2R OHHEE)
) ogiElR | FiE~28T++ RenznwZtrdn
* 0t HOERARIR, FPBREA HIRERIR
CEYA M A CIEREE S &5 WRERIVEGREE £ o BRSNS EER
B (DIC) Iz & 2 B EE O mREM
MBARE FRPT (BRI & 1~2 8% (B ORT7EMPEZ L
B3Rk ++ +-+
BRI | ++ +~t
/)y ! !
CRP T )
LDH 1 1
IgM/1gG $ifE « RP M D & BERENA F ¥ 5 — B RE R F 2 s T
L E% BB (FFEOIETFRT, EIBSERT, 135 BRI~ KE)
« _EEORIRRIMYE 1o D S EHER ISP ELISA GRAREEE ~KIH)
Weil-Felix Bt | * VYV HAVHETOXK, AIEHMTOX2»0X 190G Ens, ERETH
LE
DNA 2287 STRERBBEORESE T T TBHNMEL §v» Eoa vy s t@8®)
« GAEE (EESMB) KO EEE S A ~v— 12T PCR(THER S ¥ —7 >~ R)
BB FRRERTIIAR I D & L 920 MR ¥ TR (Beask & L T /gE#h)
P FEIHA 2 RORE EOMREVEEC=2a—% /0 v #H
WA TEZCFFYIA 27U Y)

* SEHERTRE R FRE IS OFF MBI 12 £E 0 1/5 BEIRE 3, B — X THERRIELSATRER#
By EDTH D, ENBRRERETC L 2TEREGFRESPPEEZLSTRETH S, HEE
THOESEMEE TR, ERNEREFEPV I 7V ABHEHFERRCER S 2HEAER

WwWTWwW5,

L3RS, BEEFITIR= 2 —F ) 0 RERILPE
BA3hs,

3. DDy FFIE

FEEFET Z 2 CET M D E L OFED
HREHIZ A SNE DT, MAGICEEL 12HE
X 2 LEMRANDHWELE THIGL
ew, —FH, B DLLALENTWEHET 7 A
(AuEy 7 IHENOREF 7 AR AL/ S
N OFBER) FHEAOFHERE OBV TS
T35, bPETRAEBREBCALIREZTTD
5, 72, BLEEFENEINT 2HES, RBEF7
ADFRER L ERBEBERZTRETR,

4. BREZMICAIEER
FiREOBRE, YV AVRKIRS L DMmMER
DT, FAMARIEERN CRLRELE2A

5, EFZ L cBPEELEET 5121k, BN
EORPERBOTRZLERTHETRETDH S,

7272, BREGERAOIRERIEERSEHEE
THIELDY, BEBMEOTLEY-R) YD
FAFHERZREZRAWIEEERL, 721
ELISA (enzyme-linked immunosorbent assay)
EPEELABRELTERSEEN S, PCR
(polymerase chain reaction) 2 & % DNA 2 it
BIEFEZELSERL, V7 vy F7HETIEH
L ODEE (E OHEHEER) » & YUBBREF 2R T
ZEVIHEEESZAZDFETI0%EVERD
2R SN, BEERSELLAMLLE, —4,

EEV Ty F 7 OSEEIEREETIIH 528, BRI
LB BRIz L D, EETLIMTS Z
EDTERWEENPAREL 2 5. 2 BIREEIMR

RELHEM vol.39 no.d 2011448 5
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Y

Gy P N | smias pm
KBRS - B ORMATHE gk J
ORMFETHBH | #, mEGos P
FROBERAE | SR VR 5
T i g A

HESM)ryFTET T ERICEE

HOSP,
AV 1|2|a14!5|sl7]8!9|1om12]1a]14”29”43
40°C
w
[*4
2| 39°C -
=
<
&1 aw
wl ssc
s
=l arc -’\ A
T UAAHA
36°C
THERAPY [CEZ(IV)] DOXY (V) |
- | FOM(PER 088) DOXY(PER DSS)|
ESH_|48/99 17/42 68/118 57/107 28/60
ory 5100 9500 5100 5300 3900
3 5(+; 3(+) (t), =) =)
SCGor 7 50 1 25 28
o 35 35 17 27
DH 514 665 391 286 231

E2 HBEREORIR
B L BEEHYTOREEDOLD &), THRIBIABROBMERES KFEATR (52, RL

o).

REN 79 FTEOES

@ R.japonica

® R. helvetica % f= (&
R. asiatica?

® R. heilongjiangensis

B3 bAETHERS NABERROSTH
HEIDA & S PO FEFE 2T,

RELHM vol.39 no.4 201144 H
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‘e

© @ BEFEM(SE
AR 10 71 AT

4 Uiy FTREREMDESZT

)| AT 566.7
532 (2007 42008)

REREERROAIT, SO Y Y H A VR & AN O BRI

PRk CRREERTREEShTW 2,

=i, 2o H LY L AEEFOBRBEVIRE
TiTbh, B7o—rfiffic L 2 RBERaTRiL
O, sEARH bRAON D,

LZAT, VryFTER, BITRMERTAY
BRPFEC/HEINS D, ThBNE2EH, »
AR BEFRENTELEE, REFD OHRE
BT EER DS, ©272, VroFTES
S0 ENERE B T HIRE RS S, B
DB LNEENERCRBER ST RWE
DEMADOEER SR R IFR D 5.

. PR SRR D R (2 4)

F=BNET BV v FTIER, BN =fe
BEBYOSFHE WS REERICKE{FESN
%, BIEEL L B AOBREFETHIEMUT
DEBYVTHS.
DEB(ESwbIDE L3 ko THroEARYS

=t B LTRSS IER Lk w LI Z

5 TR, KREZTEBIAETRI LTz

BORRBEEOCTHETOP o bDLEFZD

RET, BBELOFERIL > L BLTHEHLET

H33,

@112, vAHREY=BHEOER L 2HF4H
YIDSEERME L THBDIREET, Zhick 3
BRIRDILAR DI N T W 5,

@Y VA A VIRIZEMESHEREZ ¥k %
B (FETH2HEIH), FAHERIEIHK
BB (EE L 2 2 FRBB W) WS RER1DH
D, LIFLiIEzh s BHEL TEAST 2805
b5, HEBERTHEELLL,
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Rickettsia japonica pathogenesis and reservoir potential in dogs were evaluated by both experimental inoc-
ulation and epidemiologic survey. In the experimental inoculation study, dogs 1 and 2 were pretreated with an
immunosuppressive dose of cyclosporine 14 days before inoculation and became ill after exposure to R.
Japonica. Dogs exhibited clinical signs, including fever, anorexia, depression, and decreased water consump-
tion, between 36 and 96 h after inoculation, but these signs disappeared spontaneously by 5 days after
inoculation. Dogs 3 and 4 were not pretreated with cyclosporine, and no clinical signs were detected in them
throughout the 14-day observation period. The control dog was clinically normal and had a normal rectal
temperature throughout the study period. We attempted to detect rickettsial DNA from peripheral blood and
aspiration samples from kidney and spleen by nested PCR, but all samples examined were negative. The
control dog lacked detectable titers to R. japonica antigen on day 14, while positive antibodies to R. japonica
were detected in all four experimentally infected dogs, with titers of 1:160 to 1:80. In the epidemiologic survey,
24 (1.8%) of the 1,363 dogs examined throughout Japan had antibodies against R. japonica, with titers of 1:40
or more. However, we observed neither clinical signs at the time of sample collection nor nested PCR results
indicative of rickettsial infection in these dogs. In conclusion, dogs in Japan can be exposed to R. japonica, and
infected dogs with immunosuppressive conditions can temporarily develop clinical symptoms, including fever,

anorexia, depression, and decreased water consumption.

Rickettsiae belong to the order Rickettsiales and are obligate
intracellular, Gram-negative bacteria. Several species cause
disease in humans and other animals and are distributed
worldwide. This genus comprises the spotted fever group
(SFG) rickettsiae and the typhus group (TG) rickettsiae (18).
In Japan, Rickettsia japonica, classified within the SFG, is the
causative agent of Japanese spotted fever (JSF) (15). In 1984,
the first JSF patient was reported in Tokushima Prefecture,
and since then, most JSF patients have been identified in
western Japan (15). Recent epidemiologic studies clarified
both the vector and reservoirs of JSF in Japan. Dermacentor
taiwanensis and Haemaphysalis flava are confirmed vectors of
R. japonica (9). Isolation of R. japonica from wild mice indi-
cated that mice are a mammalian reservoir for the pathogen
(22). Dogs have also been thought to be a mammalian reser-
voir for R. japonica, as antibodies against R. japonica have been
detected in canine serum (6, 8). A recent epidemiologic study
revealed that antibodies against R. japonica were detected in
20 of 1,207 dogs in Japan (21). Dogs are often exposed to a
large number of tick species, depending on the distribution of
these arthropod vectors in the environment (19). They most
likely have an increased risk of tick bites compared to humans,
due at least in part to their activity in woodland and bush areas.
However, no previous studies have addressed whether dogs
that are naturally infected with R. japonica readily exhibit de-
tectable clinical signs or whether dogs are important sources of
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infection. The present study evaluated R. japonica pathogene-

sis and the reservoir potential of dogs through experimental

inoculation and an epidemiologic survey.

MATERIALS AND METHODS

Experimental inoculation of R. japenica in dogs. Five 6-month-old male beagle
dogs weighing between 8 and 11 kg were provided by a commercial breeder. They
were housed indoors and maintained in a biosafety level P3 animal care facility,
as dictated by the Animal Care and Use Committee regulations of Obihiro
University of Agriculture and Veterinary Medicine (permission number 20-86).
During a 2-week acclimatization period, we monitored clinical signs, food con-
sumption, and rectal temperatures on a daily basis. During that time 2 milliliters
of blood was obtained from the cephalic vein of each dog. Complete blood
counts were performed using EDTA-anticoagulated blood. All hematological
parameters fell within normal ranges (1). Extracted serum was subjected to an
indirect immunofluorescence assay (IFA) to confirm the absence of reactive
antibodies to R. japonica.

Four dogs were randomly selected for experimental inoculation, and the re-
maining one was monitored as a control. Two dogs (dogs 1 and 2) in the
inoculation group were orally administered cyclosporine (Atopica; Novartis,
Basel, Switzerland) with a daily dose of 50 mg/head, beginning at 14 days before
inoculation (day —14) and lasting until the final experimental day (day 14), to
suppress their immunity. Serum cyclosporine concentrations in dogs 1 and 2 on
day 1 were measured by a commercial laboratory and were 35 and 39 ng/ml,
respectively. Dogs 3 and 4 of the inoculation group were not treated with any
drugs during the experimental period.

After the acclimatization period, four dogs (dogs 1 to 4) were inoculated
subcutaneously with 20 ml of 1.929 cell suspension medium infected with R.
Jjaponica strain Aoki (day 0). Each inoculum dose contained approximately 2 X
107 infected cells suspended in minimum essential medium (MEM) with 1% fetal
bovine serum (FBS). The control dog was inoculated with the same amount of
uninfected 1.929 cells suspended at the same concentration. Clinical signs and
food consumption were monitored, and rectal temperatures were recorded twice
a day. Blood from the cephalic vein was collected in EDTA tubes every 2 days
from day O until day 14. Each blood sample was subjected to hematological
analysis and PCR. Peripheral blood smears were examined for neutrophil counts
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FIG. 1. Changes in body temperature of dogs inoculated with R. japonica from the day of inoculation (day 0) to day 14. The body temperature

of each dog was measured twice a day (at 8 a.m. and 5 p.m.).

and evidence of platelet aggregation. Sera were collected and IFA was conducted
on day 14. Kidney and spleen samples were aspirated for PCR use on day 14.

IFA. Detection of antibodies against R. japonica was carried out using IFA as
described previously (21). Serum samples were screened at a 1:20 dilution in
phosphate-buffered saline (pH 7.2) with 0.5% Tween 20 (PBST). Fluorescein
isothiocyanate (FITC)-labeled rabbit anti-canine IgG (Fc) conjugates (Rockland
Inc., Gilbertsville, PA) or FITC-labeled rabbit anti-feline IgG (Fc) conjugates
(Rockland Inc.) were used as secondary antibodies for the IFA. Reactive anti-
bodies were then detected using a fluorescence light microscope. Samples that
reacted with the R. japonica antigen at the screening dilution were then titrated
to the endpoint. We considered antibody titers 1:40 or above to be positive, as
this ratio was used in a previous survey (6).

DNA extraction and PCR. DNA was extracted from EDTA blood samples
using a QIAamp DNA minikit (Qiagen GmbH, Hilden, Germany). DNA sam-
ples were stored at —20°C in 200 pl of TE (Tris-EDTA) buffer until further
analysis. Nested PCR was performed with genus-specific primers for the rickett-
sial citrate synthase (g/tA4) gene used in our previous study (7); the primer pair
RpCS.877p and RpCS.1273r was used for the first amplification. The first round
of PCR was carried out in a 25-pl reaction mixture (5 pl of DNA template)
under the following settings: 35 cycles of denaturation at 95°C for 30 s, annealing
at 54°C for 30, and extension at 72°C for 90 s. The resulting PCR products were
then used as a template for the second amplification with primers RpCS.896f and
RpCS.1258n. PCR settings for the second round were the same as those for the
first round, except that annealing was carried out at 56°C for 30 s. DNA extracted
from the Rickettsia AT-1 strain was used as a positive control, and distilled water
was used for the blank control.

Epidemiologic study. Between January 2006 and June 2008, blood and sera
were collected from 1,363 domestic dogs and processed in animal hospitals
located within 31 prefectures in Japan (40 dogs in Hokkaido, 40 dogs in Aomori,
60 dogs in Miyagi, 40 dogs in Fukushima, 35 dogs in Tochigi, 50 dogs in Tokyo,
40 dogs in Chiba, 40 dogs in Kanagawa, 40 dogs in Yamanashi, 40 dogs in
Shizuoka, 37 dogs in Aichi, 39 dogs in Mie, 40 dogs in Fukui, 40 dogs in Osaka,
40 dogs in Kyoto, 40 dogs in Shiga, 40 dogs in Nara, 40 dogs in Wakayama, 64
dogs in Hyogo, 22 dogs in Tottori, 40 dogs in Shimane, 40 dogs in Hiroshima, 57
dogs in Yamaguchi, 167 dogs in Tokushima, 40 dogs in Kochi, 40 dogs in
Fukuoka, 34 dogs in Nagasaki, 40 dogs in Kumamoto, 30 dogs in Oita, 40 dogs
in Miyazaki, and 8 dogs in Kagoshima). All animals in the study were routinely
active outdoors. Clinical status was determined by the veterinarians treating
these animals. Blood samples from each animal were collected in EDTA tubes
for DNA extraction, and both blood and sera were stored at —20°C until transfer
to the Obihiro University of Agriculture and Veterinary Medicine. DNA was

extracted from each blood sample and evaluated for Rickettsia infection using the
nested PCR protocol described above. Each serum sample was also examined for
the presence of antibodies against R. japonica using the IFA method. The
samples that were positive for antibodies against R. japonica were also examined
for antibodies against other domestic Rickettsia species, including Rickettsia hel-
vetica strain IP-1, Rickettsia tamurae strain AT-1, and Rickettsia asiatica strain
10-1. The method was exactly the same as that described above.

RESULTS

Changes in the body temperatures and conditions of dogs
inoculated with R. japonica are shown in Fig. 1. A temperature
above 40.0°C was temporally recorded in the afternoon on the
day of inoculation in dogs pretreated with cyclosporine (dog 1,
40.2°C; dog 2, 40.5°C). Body temperatures returned to normal
by the next morning (day 1), but anorexia and-depression
appeared in both dogs on the afternoon of day 1. The body
temperature of dog 1 increased again to 39.7°C in the after-
noon on day 1 and remained higher than 39.5°C until the
morning on day 4. Dog 2 also exhibited a temperature of
40.2°C from the morning on day 2 until the morning on day 3.
Both dogs exhibited severe anorexia and depression and less
water consumption on days 2 and 3; however, their appetites
and water consumption improved by the morning of day 4 and
had returned to normal by the morning of day 5. Animals that
did not receive cyclosporine pretreatment (dogs 3 and 4) ex-
hibited no clinical signs throughout the 14-day observation
period. The control dog was also clinically normal and had a
normal rectal temperature throughout the study period.

Figure 2 shows changes in white blood cell counts. On day 2,
increased white blood cell counts were observed in dogs 1
(27,000/pl) and 2 (18,600/pl). Dog 1 also had an increased
white blood cell count (17,300/pl) on day 10. Blood smears
revealed that this increased white blood cell count was due to
an increase in neutrophils (data not shown). Dog 4 showed a

—256—



Vou. 18, 2011

R. JAPONICA PATHOGENESIS 163
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FIG. 2. Changes in white blood cell counts in peripheral blood. Increased counts were observed in both dog 1 (27,000/ul) and dog 2 (18,600/ul)
on day 2. Dog 1 also exhibited an increased white blood cell count (17,300/ul) on day 10, Dog 4 showed a slight increase in white blood cell count

on day 4 (18,000/pl).

slight increase in white blood cell count on day 4 (18,000/p.l).
Thrombocytopenia with a platelet count of less than 200,000/l
was not observed in any of the dogs examined (Fig. 3).

We attempted to detect rickettsial DNA from peripheral
blood and aspiration samples of kidney and spleen using
nested PCR, but all samples were negative.

None of the dogs used in this experiment showed any de-
tectable antibody (titer < 1:20) to R. japonica antigen on day

x10%pl

0, just before the inoculation. On the final day of the study (day
14), positive antibodies against R. japonica were detected in all
four inoculated dogs, with titers being 1:160 (dogs 1, 2, and 3)
and 1:80 (dog 4), while the control dog lacked detectable
antibody to R. japonica.

Among the 1,363 dogs examined, 24 (1.8%) exhibited anti-
bodies against R. japonica with titers of 1:40 or more. The
profiles of the positive animals are shown in Table 1. Among

60 —

Platelets counts

2 ——@— R. japonica inoculation with cyclosporine pretreatment
~—)— R. japonica inoculation without cyclosporine pretreatment
0wl _+==-of+=+ Controlwithout R. japonica inoculation
0 2 4 6 8 10 12 14

Days after Rickettsia japonica inoculation
FIG. 3. Changes in platelet counts in peripheral blood. Thrombocytopenia with a platelet count of less than 200,000/l was not observed in any

of the dogs examined.
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TABLE 1. Profiles of dogs that reacted with R. japonica antigens with titers of 1:40 or more”

ik " IFA titer
cation an .
dog identifisr R japomica & heberios e Rickettsia Prefecture Age (yr) Breed Sex Present illness
tamurae
Eastern Japan
D1 40 <40 <40 <40 Miyagi 10 Mix g None
D2 40 40 <40 40 Tochigi 4 G. retriever 3 None
D3 40 80 <40 <40 Tochigi NR Mix Q None
D4 80 80 80 80 Tochigi 4 G. retriever 3 None
D5 40 <40 <40 <40 Kanagawa 10 Shiba 3 None
Western Japan
D6 40 <40 80 <40 Wakayama 7 G. retriever g Babesiasis
D7 40 <40 <40 <40 Wakayama 2 Mix 5] None
D8 40 <40 <40 <40 Wakayama 10 Mix ? None
D9 40 <40 <40 <40 Osaka 10 L. retriever ? None
D10 40 <40 <40 <40 Hyogo 2 Mix ) None
Di11 160 80 40 40 Hiroshima 12 G. retriever 3 None
D12 40 <40 40 <40 Hiroshima 10 L. retriever 3 None
D13 40 <40 40 <40 Hiroshima 8 Akita ? None
D14 80 <40 40 40 Hiroshima 3 Mix ? None
D15 320 80 160 80 Hiroshima 7 Mix 3 None
D16 160 <40 80 <40 Hiroshima 4 Plot hound 3 None
D17 40 <40 <40 <40 Yamaguchi 2 Min. pincher ? Kennel cough
D18 40 <40 <40 <40 Tokushima 8 G. retriever ? Otitis externa
D19 80 40 <40 <40 Kochi 5 Min. dach. ? None
D20 40 <40 <40 <40 Nagasaki NR NR NR NR
D21 40 <40 <40 <40 Kumamoto 6 Mix e None
D22 80 <40 <40 <40 Miyazaki NR NR NR NR
D23 40 40 <40 <40 Miyazaki NR NR NR NR
D24 40 <40 <40 <40 Miyazaki NR NR NR NR

4 G. retriever, golden retriever; L. retriever, Labrador retriever; Min. pincher, miniature pincher; Min. dach., miniature dachshund; NR, not recorded. Boldface

numbers indicate titers of 40 or greater.

these 24 positive dogs, 5 (20.8%) lived in prefectures in eastern
Japan (1 dog, Miyagi; 3 dogs, Tochigi; and 1 dog, Kanagawa
Prefecture) and the other 19 (79.2%) were in prefectures in
western Japan (3 dogs, Wakayama; 1 dog, Osaka; 1 dog,
Hyogo; 6 dogs, Hiroshima; 1 dog, Yamaguchi; 1 dog, To-
kushima; 1 dog, Kochi; 1 dog, Nagasaki; 1 dog, Kumamoto;
and 3 dogs, Miyazaki). The ages of the positive dogs ranged
from 2 to 12 years. The endpoint titers against R. japonica of
the positive animals ranged from 1:40 to 1:320. Among the 24
dogs seropositive for antibodies against R. japonica, 12 dogs
also had antibodies against one or more of the other Rickettsia
antigens. A total of 15 dogs showed the highest titers against R.
Jjaponica, 1 dog (Tochigi-7) showed the highest titer against R.
helvetica, and 8 other dogs showed the same titers against two
or more antigens. These dogs did not show any clinical signs at
the time of sample collection. Nested PCR did not reveal
rickettsial infection for any of the 1,363 dogs examined.

DISCUSSION

JSF is the most important spotted fever in Japan. JSF onset
in humans occurs 2 to 10 days after a person has worked in the
fields ‘and is abrupt. Common symptoms include headache,
high fever, and shaking chills. Other major objective signs of
JSF in humans include skin eruptions and tick bite eschar (13).
Although some domestic and wild animals are suspected to be
involved in JSF epidemiology, little is known about JSF reser-
voir animals. The dog is one potential reservoir animal (14),
but the epidemiologic role of dogs with regard to JSF is un-

known, and the pathogenesis of the agent in a canine host has
never been examined. Therefore, the present study examined
the pathogenesis of R. japonica in dogs and the reservoir po-
tential of dogs for R. japonica through experimental inocula-
tion and by conducting an epidemiologic survey.

In our inoculation experiment, the two dogs pretreated daily
with an immunosuppressive dose of cyclosporine 14 days be-
fore inoculation (dogs 1 and 2) became ill after exposure to R.
japonica. These two dogs exhibited increased body tempera-
tures in the afternoon on the day of inoculation. This could
have been a reaction to pathogen inoculation, but it was ob-
served only in dogs 1 and 2. The exact reason for the temporary
increase in body temperatures is unknown. Clinical signs in
dogs 1 and 2 included fever, anorexia, depression, and de-
creased water consumption, all of which were observed be-
tween 36 and 96 h after inoculation. Increased white blood cell
counts, likely as a reaction against the infection, were also
recorded on day 2 in dogs 1 and 2. Clinical signs disappeared
from these dogs without any treatment. These clinical signs
were similar to those observed in canine cases of Rocky Moun-
tain spotted fever (RMSF); however, R. rickettsii infection
causes more severe disease in dogs. When dogs infected with
R. rickettsii develop clinical illness, a fever usually develops 2 to
3 days postinfection, while cutaneous lesions consisting of ves-
icles and/or petechial and ecchymotic hemorrhage develops 4
to 6 days postinfection (10, 12). Other clinical signs of RMSF
in affected dogs not receiving any pretreatment include depres-
sion, listlessness, anorexia, ocular and nasal discharge, scleral
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injection, and increased bronchovesicular lung sounds (2, 4, 5,
17). Skin and vascular lesions were not observed in the present
study.

No clinical signs were observed in the Rickettsia-inoculated
dogs without pretreatment with cyclosporine (dogs 3 and 4). A
recent study reported that cyclosporine inhibits lymphocyte
activation and expression of cytokine mRNA in dogs (11).
These immunosuppressive effects of cyclosporine might affect
the susceptibility of dogs to R. japonica. Cyclosporine has been
widely used to suppress transplant rejection and control pru-
ritus in allergic dermatitis in both humans and dogs. An oral
dose of 5 mg/kg of body weight once a day is the most popular
dosage administered to atopic dogs (20). For the present ex-
periment, dogs were administered a similar cyclosporine dose
of 50 mg per 8 to 11 kg body weight. Thus, a similar situation
-could occur in dogs with allergic dermatitis that are treated
with cyclosporine in areas where R. japonica is endemic. Vet-
erinarians should note that R. japonica can cause clinical dis-
ease in immunosuppressed domestic dogs. It is possible that
aged dogs might be more susceptible to the infection of R.
Jjaponica because of the age-related loss of immune capacity.

Although fever, anorexia, and depression were observed in
R. japonica-inoculated dogs pretreated with cyclosporine,
these symptoms disappeared spontanecously by 5 days after
inoculation, and no clinical signs were detected in dogs without
cyclosporine pretreatment. These results suggest that R. japon-
ica pathogenesis in dogs is much weaker than that of R. rick-
ettsii reported previously (3, 17). Notably, the inoculum
amount and the infection route differed between the studies;
we subcutaneously inoculated each dog with approximately
2 X 107 infected 1929 cells suspended in MEM, which was a
much greater inoculum than that administered in the previous
study of R. rickettsii. The latter study intraperitoneally inocu-
lated dogs without any pretreatment with only 3,000 Vero cells
infected by R. rickeutsii suspended in 1 ml of sucrose-phos-
phate-glutamate buffer, and this caused clinical signs in the
dogs (17). Our dogs were inoculated with greater numbers of
infected cells, because there are no data available which indi-
cate an optimal amount of pathogen. A quantitative study of
experimental inoculation and inoculation route would be use-
ful to this end. It is also possible that inoculation of cell cul-
ture-derived rickettsia might differ from that by the tick trans-
mission route with respect to the capacity to cause rickettsemia
or disease. The role of tick infestation for rickettsia transmis-
sion should be examined in the future study.

A previous study of RMSF observed rickettsemia lasting
from 3 to 7 days when dogs were infected by R. rickettsii via
intraperitoneal injection with a yolk sac suspension or via par-
asitism of infected Dermacentor andersoni ticks (16). This in-
dicates that the dog can serve as a reservoir animal for RMSF.
However, as the present study found no rickettsial DNA in
peripheral blood or from the aspiration samples from kidney
and spleen, dogs may not be suitable reservoir animals for R.
Japonica.

The present study took an epidemiologic approach to eval-
uate the pathogenesis of R. japonica in dogs as well as the
reservoir potential of dogs for R. japonica. Of the 1,363 dogs
examined, 24 (1.8%) had antibodies against R. japonica with
titers of 1:40 or more. We obtained similar results in a previous
study, in that we detected antibodies in 20 of 1,207 dogs ex-
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amined (21). These results suggest that dogs in Japan can be
exposed to R. japonica and produce antibodies against the
pathogen under normal conditions. Despite this, none of these
dogs from either study had rickettsial DNA in their peripheral
blood. As such, we conclude that dogs in Japan have been
exposed to this pathogen in the field but do not serve as
efficient reservoir animals for R. japonica. Moreover, infected
dogs, especially those with immunosuppressive conditions, can
temporarily develop clinical signs, including fever, anorexia,
and depression.
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SUMMARY: Rickettsial infection in feral raccoons (Procyon lotor) in Hokkaido, Japan was analyzed
by molecular methods. Genus-specific nested polymerase chain reaction (PCR) analysis based on the
Rickettsia citrate synthase (g/tA4) gene showed that 13 of 699 raccoons (1.9%) examined were positive
for Rickettsia. Twelve of the 13 partial g/tA sequence amplicons were successfully analyzed. The nucleo-
tide sequence of one amplicon was identical to both Rickettsia heilongjiangensis and R. japonica, one
was identical to R. felis, and the rest to R. helvetica. This is the first report on the detection of rickettsial

agents in peripheral blood of raccoons.

The raccoon is a medium-sized carnivore native to
North America; however, a large number of raccoons
have been imported from North America as pets since
the 1970s (1). Subsequently, large numbers of raccoons
have naturalized in many parts of Japan due to the in-
tentional release or escape of pet raccoons (2). Feral rac-
coons cause heavy damage to crops and native
ecosystems in Japan. Furthermore, raccoons may have
introduced nonindigenous pathogens into Japan, such
as rabies, raccoon ascarid, and rickettsiosis (3), which
have been reported in the United States. Because of
these problems, the Hokkaido Government initiated a
feral raccoon management program in 1999.

Spotted fever group (SFG) Rickettsia is a significant
emerging infectious disease whose principal clinical fea-
tures are fever and rash. In Japan, the first case of rick-
ettsiosis caused by Rickettsia japonica was reported in
Tokushima Prefecture in 1984 (4). Other SFG Rickettsia
spp. have recently been detected in Japan, including
Rickettsia helvetica (5), R. tamurae (6), R. asiatica (7),
and R, tarasevichiae (8); however, little epidemiologic
data is available (i.e., vectors and reservoir animals).
We therefore aimed to characterize rickettsial pathogens
by a molecular analysis of peripheral blood samples ob-
tained from feral raccoons in Japan. Another objective
of this study was to clarify the epidemiologic role of rac-
coons for these pathogens in Japan.

A total of 699 raccoons were captured between May
and October 2007 and between March and October 2008
as part of raccoon population control programs im-
plemented by the Hokkaido Government and the Minis-
try of the Environment in west-central Hokkaido, the
northernmost of the main islands of Japan. Blood sam-
ples were collected from 699 raccoons, and DNA was
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extracted with a QlAamp DNA Mini Kit (Qiagen
GmbH, Hilden, Germany). DNA samples were stored
at —20°C in 200 yl of Tris-EDTA (TE) buffer until fur-
ther use.

Nested PCR was performed with genus-specific
primers for the rickettsial citrate synthase (g/t4) gene
(9), and the primer pair RpCS.877p and RpCS.1273r
was used for the first amplification. The first round of
PCR was carried out in a 25-ul reaction mixture (5 zl of
DNA template) under the following conditions: 35 cy-
cles of denaturation at 95°C for 30 s, annealing at 54°C
for 30 s, and extension at 72°C for 90 s. The resulting
PCR products were then used as a template for the sec-
ond amplification with primers RpCS.896f and
RpCS.1258n. Cycling conditions for the second round
of PCR were the same as the first round, except that an-
nealing was carried out at 56°C for 30 s. DNA extracted
from the Rickettsia AT-1 strain was used as a positive
control, and distilled water was used for the blank con-
trol. PCR products were purified with the Qiaquick
PCR purification kit (Qiagen) and sequenced as de-
scribed previously (9). Sequence homology searches of
the PCR products were performed with the Basic Local
Alignment Search Tool (BLAST; National Center for
Biotechnology Information).

According to genus-specific nested PCR analysis, 13
of 699 (1.9%) raccoons were positive for Rickettsia. In
12 samples, approximately 322 bp of the g/tA gene, ex-
cluding the primer region, was successfully sequenced.
These sequences have been deposited in GenBank
under accession numbers HMO049647 to HMO049658.
One amplicon showed 100% nucleotide identity with
both R. japonica (AY743327) and R. heilongjiangensis
(AY285776), and another was identical to R. felis
(U33922). The remaining amplicons were identical to
the gltA gene of R. helvetica (AM418450).

To distinguish between R. japorica and R. heilong-
Jiangensis, species-specific PCR for the R. japonica
17-kDa antigen gene was performed with the primers
Rj5 and Rj10 (10). Given the negative result, a conclu-
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sive determination of whether the amplicons were se-
quences of R. japonica or R. heilongjiangensis could
not be made. Because sequences of R. heilongjiangensis
and R. japornica are very similar (11), other gene se-
quences will need to be examined in order to determine
which species the samples belong to. The introduction
of R. heilongjiangensis into Hokkaido from Russia is a
possibility given that they are close in proximity and
that R. heilongjiangensis infection is prevalent in the
Russian Far East (12). Further studies will be needed to
clarify the relationship between R. heilongjiangensis
and raccoons.

R. felis was first detected in the United States in 1990
(13) and has since spread throughout the world (14).
Although the cat flea, Ctenocephalides felis, is currently
the only known biological vector of R. felis (14), R. felis
or R. felis-like DNA has been detected in several tick
species, including those in Japan (15). More epidemio-
logical studies will be needed to confirm the identity of
the R. felis vector.

Although R. helvetica was previously known to exist
only in European countries (16), the pathogen has
become widespread in Japan, from Hokkaido to the
southern island of Kyushu (17). Ixodes persulcatus and
Ixodes ovatus are possible vectors of R. helvetica in
Japan (5). Feral raccoons in Hokkaido have been infect-
ed with I. ovatus and I, persulcatus (18); therefore, it is
logical that R. helvetica DNA was detected in peripheral
blood of raccoons in Hokkaido.

All rickettsial species detected in the present study, R.
heilongjiangensis or R. japonica, R. felis, and R. helvet-
ica, are pathogenic to humans (11,14,19). Because rac-
coons frequently approach areas where humans live,
these Rickettsia spp. can infect humans via the tick vec-
tor introduced by raccoons. More epidemiologic studies
are required to confirm the epidemiologic role of rac-
coons in Rickettsia infection.

In conclusion, this is the first report on the detection
of SFG Rickettsia from peripheral blood of raccoons.
Our results indicate that raccoons may be a reservoir for
SFG Rickettsia.
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SUMMARY: The prevalence of Ehrlichia and Anaplasma in 1,427 dogs from 32 Japanese prefectures
was evaluated by PCR and DNA nucleotide sequencing. PCR screening demonstrated that 18 dogs
(1.3%) were positive for Anaplasmataceae. Sequence analysis revealed that 14 of the amplicons were
most closely related to Wolbachia spp., symbionts of Dirofilaria immitis, whereas three were identified
as Anaplasma bovis. The remaining amplicon could not be sequenced. Almost the entire sequence of
165 rRNA (1,452 bp) from one of the positive specimens was determined, and subsequent phylogenetic
analysis confirmed that the detected sequence was that of 4. bovis. This is the first detection of 4. bovis
DNA fragments in dogs. Species-specific nested PCR showed that 15 (1.1%) of the 1,427 dogs involved
in this study were positive for 4. bovis. The geographical distribution of these dogs ranged from
Aomori Prefecture in northern Japan to Kagoshima Prefecture in the south. The relationship between
A. bovis infection and clinical disease is not yet clearly understood.

Members of the family Anaplasmataceae belong to
the order Rickettsiales and comprise the genera
Ehrlichia, Anaplasma, Neorickettsia, Aegyptianella,
Wolbachia, and ‘Candidatus Neoehrlichia’, which are
obligate intracellular Gram-negative bacteria (1,2).
Anaplasma and Ehrlichia are important emerging tick-
borne pathogens in both humans and animals (3). The
organisms of greatest clinical importance in dogs in-
clude Ehrlichia canis, Anaplasma platys, and Anaplas-
ma phagocytophilum. These bacteria are distributed
worldwide, and molecular evidence of these pathogens
has been detected in Japan. DNA fragments of E. canis
were detected in a dog from Kagoshima Prefecture in
southern Japan (4), although the only confirmed case of
E. canis infection occurred in a dog that had been trans-
ferred from Indonesia (5). A. platys DNA has been de-
tected in dogs in Okinawa and Yamaguchi Prefectures
(6-8) and in ticks recovered from Fukushima, Miyazaki,
and Kagoshima Prefectures (9). Recently, DNA frag-
ments from A. phagocytophilum were detected in deer,
cattle, and ticks in Japan (10-13), although not in dogs.
There have been no case reports of domestic dogs in
Japan infected with these pathogens,

Several new species of Ehrlichia and Anaplasma have
been reported recently in Japan, including Ehrlichia
muris (14), Ehrlichia sp. isolated from Ixodes ovatus
(15), ‘Candidatus Ehilichia shimanensis’ (11), and
Anaplasma bovis (11,16). These species may cause in-
fection in dogs, although the pathogenicity of these or-
ganisms in these animals is unknown. Positive PCR
results for Ehrlichia sp. isolated from . ovatus have
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been reported in Yamaguchi Prefecture (7), although no
epidemiological studies of Araplasma and Ehrlichia in-
fection in dogs have been conducted at a national level
in Japan, For this reason, we evaluated the prevalence
of Ehrlichia-and Anaplasma in dogs from most regions
in Japan using PCR and DNA nucleotide sequencing
methods. We also undertook the molecular characteri-
zation of the A. bovis detected in dogs in this study.

Blood samples were collected from 1,427 domestic
dogs between January 2006 and June 2008 and proc-
essed in animal hospitals from 32 prefectures (Hok-
kaido, Aomori, Miyagi, Fukushima, Tochigi, Ibaraki,
Tokyo, Chiba, Kanagawa, Ishikawa, Yamanashi,
Shizuoka, Aichi, Mie, Osaka, Kyoto, Shiga, Nara,
Wakayama, Hyogo, Tottori, Shimane, Hiroshima,
Yamaguchi, Tokushima, Kochi, Fukuoka, Nagasaki,
Kumamoto, Oita, Miyazaki, and Kagoshima). All of
the animals involved in this study were routinely active
outdoors. The clinical status and epidemiological infor-
mation, including breed, sex, age, tick infestation, and
clinical history, were collected by the veterinarians treat-
ing these animals. Blood samples were collected from
each animal in EDTA tubes for subsequent DNA ex-
traction, and then stored at —20°C until transfer to
Obihiro University of Agriculture and Veterinary Medi-
cine. DNA was extracted from the EDTA blood samples
using the QIAamp DNA Mini Kit (Qiagen GmbH,
Hilden, Germany). DNA samples were stored at —20°C
in 200 ul of TE buffer until further analysis.

Screening PCR was performed using the group-
specific primer pair EHR16SD and EHRI16SR, which
amplifies the 16S rRNA gene of the family Araplas-
mataceae (17). When a strongly positive band was de-
tected after PCR, the products were purified using the
QIAquick PCR purification kit (Qiagen). Direct se-
quencing of PCR products and analysis of the sequences
obtained were performed as described previously (9).
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Homology searches based on the sequences of the PCR
products were performed using BLAST (National Cen-
ter for Biotechnology Information).

Additional PCR amplifications using the primer sets
fD1 and EHR16SR, or EHR16SD and Rp2, were per-
formed to determine nearly full-length sequences of the
16S rRNA genes of some positive samples (18). Distance
matrix calculations and construction of phylogenetic
trees were performed using the ClustalW program
(version 1.8) in the DNA data bank of Japan (DDBIJ;
Mishima, Japan [http:/www.ddbj.nig.ac.jp/htmls/
E-mail/clustalw-e.html]). Distance matrices for the
aligned sequences, with all gaps ignored, were calculat-
ed using the Kimura two-parameter method, and the
neighbor-joining method was used to construct a
phylogenetic tree. The stability of this tree was esti-
mated by bootstrap analysis for 100 replications using
the same program. The tree figure was generated using
the Tree View program (version 1.6.6). The GenBank
accession numbers of the 16S rRNA gene sequences
used to construct phylogenetic trees and to analyze per-
cent identities were as follows: A. bovis strain South
Africa, U03775; A. bovis detected from sika deer in
Shimane, Japan, AB211163; A. bovis detected from
Haemaphysalis longicornis in Nara, Japan, AB196475;
A. bovis detected from cattle in Okinawa, Japan,
EU368730-EU368732; A. phagocytophilum strain
Webster, U02521; A. phagocytophilum strain CAHU-
HGE2, AF093789; A. ovis, AF414870; A. platys,
AY077619; A. marginale, AF309867; A. centrale,
AF283007; and E. canis, M73221.

Eighteen (1.3%) of the 1,427 samples examined by
screening PCR were clearly positive for Anaplas-
mataceae. The partial 16S rRNA gene-sequences of
these positive-PCR products were determined using 345
bp, excluding the primer region. BLAST analysis re-
vealed that 14 samples from Shimane, Kochi, Fukuoka,
Qita, Nagasaki, Kumamoto, and Miyazaki were most

closely related to Wolbachia spp., whereas three sam-
ples from Hiroshima and Fukuoka were closely related
to A. bovis. We were unable to determine the sequence
of the one remaining positive sample.

As Wolbachia spp. are known to be symbionts of
Dirofilaria immitis (heartworm) (19), we speculated that
the positive-PCR results might be related to D. immitis
infection. A previous study also detected DNA frag-
ments of Wolbachia spp. from dogs in Okinawa, Japan
(4). Dogs that were positive for Wolbachia spp. lived in
western Japan, which is an endemic area for filarial
nematodes. The 14 dogs which tested positive for Wol-
bachia spp. in our study were also found to be positive
for D. immitis infection using an enzyme immunoassay
kit (IDEXX canine snap 4D test; IDEXX Laboratories,
Westbrook, Maine, USA).

Determination of nearly full-length sequences of the
16S rRNA genes of A. bovis positive samples was at-
tempted using additional PCR. For one sample
(Hiroshima-Z27), we successfully sequenced 1,452 bp of
the 16S rRNA gene, excluding the primer region. This
sequence has been deposited in GenBank under the ac-
cession no. HM131217. The sequence demonstrated a
nucleotide identity of 99.5% with the 16S rRNA gene of
A. bovis detected in South Africa (U03775) and 99.4%
with A. bovis from cattle in Okinawa, Japan
(EU368731) and from deer in Japan (AB196475). These
sequences clustered in the same clade as A. bovis in the
16S rRNA gene-based phylogenetic tree (Fig. 1). This is
the first detection of A. bovis DNA fragments in dogs,
although such DNA has recently been isolated from
ticks, cattle, and deer in Japan (11-13).

A species-specific nested PCR was performed using
the primer sets EC9 and EC12A for the first amplifica-
tion and AB1f and ABI1r for the second amplification to
determine the percentage of dogs infected with A. bovis.
This method has been described previously (11). This
nested-PCR evaluation suggested that 15 dogs (1.1%)
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Fig. 1. Phylogenetic relationships of various Anaplasma spp. based on nucleotide sequences of the 165 rRNA gene.
Scale bar indicates genetic distance (0.01 substitutions/site). The Anaplasma sp. detected in this study is shown in

bold type.
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