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QHARBEELZANBIKBREETLH), FKT
i, PR BAEERFEREO LD
LT—HIZEmsShTwd, —F, HERTR
T REBMEO— AL B MM OIZHE L AT 4
BREINTVRW0, EEOIENENRTWA,
ERNTH NI TORFEHRIEFH R — <A 5
CADEE, D, MBRBETERVEEZ O
B, BREELO 4 HEHHERRY L THE
B CHE S LA BUZHEIZ 10~ 0B |-
EEEoTnD, THDERES L ThoHh
E)PREHEOLERH D, ZZTlRIELBIC
FREIZ QZOBKICEN, ¢ {2 QADHED
FWEIC B L5 & BE, RHOBMIEICD
WGRART A,

Q#E#IZDONWT

19354E 4 — A 5 TORESGHBHEBOET
WATLZZREABH OB MEE L U TRR SR,

DHI) v F T O—FECoxiella burnetiii> £ 5

BEFECHL ZEFHLMIIS N, Qv
I %, [Query fever=AB%L | IZHisE LT
H. Cburnetitl IR r v F78as 158
WFFE I TN, Bl OE G T30 7%

(FEHF R BRI
EEFFITRR - REZEMLIRM)

WX AH e ETELVYATHar s
Bars s BICEREIN:. C burnetiil 34
NTOARERET & HREMBAFERE T, A
THEMCIIBETE V. MERT, F0OKE
E130.2~0.4 X 1.0um, — M OFKE D 1/2~
1/4TH5H, ZEMEERL, WIEREOEOTEI
13 AEIE K (large cell variant ; LCV) & /NEIE &
(small cell variant ; SCV) £ 2552 (1), &%
WA S Y, LOVIZEERE 120 LIRBUMEANE
Wt SCVIdHFfatiEsE 4R L, B, % HE
FIHIAEO 20, BEPCRAMGETHA.
ZD/z0, @Eho) v FT7TOLHICHOEE
Yy —nboRsy—2gBE Lixw, F7-,
AET [HEB L UCTHE L LIThTv B I5HH
R LR LR T, TR ME %

* Diagnosis of Q fever.

#* Toshio KISHIMOTO, M.D., Ph.D., Motohiko OGAWA, V.D., Ph.D. & Shuji ANDO, V.D., Ph.D.: B3 &y aERF 22
By A4 b A 5% — 53 {&162-8640 FEHRHTEX 71111-23-1) ; Laboratory of Chlamydia & Rickettsia, Department of
Virology, National Institute of Infectious Diseases, Tokyo 162-8640, JAPAN

— 454 —



Respiratory Medicine, Jan. 2005

FHEI) REHELPS) 2 RA L, [HEEEFTS
G RKEREHIA % i  CREASEAS LSS ML L 2otk
TLPSH# A L WIAHE & 2592, 2O THHE
BLUIHESMEZHICEERETDH .

Q B DB EIRAE

HARTREZ L OBy PR EH2RA LT
By, BEBYOR, %, kg sn
B EYRT S, ¢ ORI FEICRECE
TEWOHEIITH Y, IhoizBER SN BRE
FORERLT T O - VERALURET A, il
YRV Y VORBEOIES - HRLR e EE
LBt A2 & bd b, BB AT A
BTIEIRTH B9, HELTWAT IRy Y
DG B L, BRI CHBRENICHE LIRERIEE
AEITILDDHE, IOk, BHEAKEILED
JefE R EE & 2o 7o b+ OEMBRFEN
ETEHLREESNTWES, T2, FIOHERH
EAEELZBELH Y, FHTIEA 2 DOME
HIREENBFDE ., —HT, EhhbE b
DORERFFIFEALERI LN,

FRIIAE (AT LEMIIaT oL, B
RO HEIIT—EICIE 2~3 BHET, BYE)
HnEE B, RIS, S, AR,
EHBERK, FHRSBERLELET, A7y
FHTHL, FERVHE, L, H5VIERE
BEAET, [MRRIAFAE [ ABEHE] D 3
DONRY - ThHRLN, FOHEERBIIEHTH
A, BEEPALNLILEHTH L, BREMR
T, CRP,IFE% (GOT, GPT) D L&, fih
WRA, BlikE&dabhs, $i-, GHHEO
2~10% 13 LR E B8 L T HBHANCBIT T
Hruwbh Ty, BILEEL Lz EEE
e 2 BYY, EALTH, &tk Q BEEIEIER
L6 LTHRER, AR, FEEERETHRz,
BB ~HED OmMBERL, 2 Q BRER
LEW SN DEFINFRE SN TV LD, FLE
BEIIARB 2 A% 19,

Q BDOEF

C. burnetiitl IFK I BV TETTF A O$ %
Erhos—ElLhREEE L LTL(R#ESN
TWAHA, REBOENICBIT L ERERLHHGFIZ

7:.41

BLTWEEENLZ TP AELTWS, QB
1, 19994 FGT O BERHEE T 4 HefUa ik
FEVCIRE SN, 2003EENHRERIEIH 4L LT
HESNERETDH D, 1999~20034F F T4
FNENLZA, 23N, 40N, 43N, 8 ADEEN
WS, ThO OWEER TIZRRGRE L
FETERVERANE L, Fiz, T_XTHEEH L
VR DLPERPICDONTY, ZUORRIENT
Vb DD HBERORMIFE IR TS, E
Ao, TRAETORETL0060H Q 2L LRz
B AN b D5 BIA3%)FELEHEL
THY, BOBlEAND & 3~4 %EEFET S
ELTWVARY, bhbhOWHPHADORETY
16851 3 51 (1.8%) PSMEFEFHIHHETH o /2.
ZOZERES, AROTHMAD 1~4 %11 Q
BAHEES LTV AN IEZESIRS, —Fb
nbiud, F—A M5 Y TORBREIT- T
LEBGRE 3 APRRICERE LA Q B0t
ANEBZDWT OB L FEBBEORET LT
W3, efliifErRFAETH), HEBEHE
FE 760 C & BT 0 L R131gG 1,0248 L4 £
EEFICEEERL, RN REILEY
BLTWw, ZOEEARTE LI LUITER
EMOPARMCHEIIRE) eSSz et
B Thoz¥, Z0LIizQEIE, BAILB
FAEEVHL NI ) 0DHE—FTEES
COBEIFFRINTND,

BerE T & B R

QEI 4 HEBHERBATHY, BWLLE
B2 DI EE ) ORBETICEITHS Z &I
KoTwsd, ED-DOHEEZILTO®Y T
H5. BRI L-EMOHETIICL Y, ERRLATE
PoHUBEBLSEDLI, o, LTowEns
DI & o THRIEFZE R ILEFRIZHL
Eni=b o, OFBEAOWKE | Mgk Ehs
DIREAFROTEE T &) OREAEORLT ORI
(B : PCR &4 &) OB &I 5 HEDRE
(B © BB EOGHU AR (IF) i CHARME AT 4 50 1
DERZEVE L 2T0D,

HbHEO QEICH T HRE
UTOEOHEANSZOBREEL L THiITLHN
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742 IR R ETE 15
£ 1 QEOBME

o R4y B EBAN (e X - BTy b, FELIP(SPF) GIEEMREEE), 553402 (BGM - HELHIK)

TR AR HHHEE (R ) r 0 —FNFHE - £/ 70— F VHiK), Gimenézit

BIEFHHE | PCR(coml - htpB - QpH17 5 2 3 F - QpRS7 9 A X F¥), Real time PCRiE, LAMPHE:

MiEFAMmRNE | BEaotinagk (FE), BEREE(ELISAE), 1 4/ 71y bk (Western Blotting)

5, QEEFFEHSIBBEIATH R, O
Geili & BGEBR DINH 2 B % . OEIMES
D% AHVESESI & B ) HiR LB ATEB TR
WS, FAUE IR R KU R 8 % O B % over
diagnosis L Tz 7r, & 5 W i3 HARDIEFI AT
BROFHRED 72 0 e R O BT 2 Hidk{fi A
ALK VOPRBEETIIAH, OBETE
BHELEREORVBII Y AT AV SN T
v 2\, @ELISAZO MEHHMESF v  CoO¥
OB AL D 5. @BIEE FEwEER
BEICB 8% Q ABERFOEEREY. @
ERSEA LLBREOBENEREOKIE. =
hox BB LBHT 2LEVHL. 20
L THRIE ) BIEOBELIELE SN DX
ERMBELEIOND.
FEDOBUR & FH

Q FDBWIEILIRE R L & BT A
EEVEHLO(ER1).

1. REERH
FRERAMRIEICIE, SRR R & PURR I,
BIETFREENS 5. B, HEEAREY =2
TV (BEISLERIERT TR - M E AR - )
WCHR S THR SN S Q R OFM A EH L
TWAHDTEREED LW,

(1) S HERE 221

SHHo MR GgE, mig, WEA Y 7%)
POSEERTH I EDS o & EEIEITE VDS,
EEBREFTBI, HEMRLEETHVE
7o, BHTRBTZETL. BT AV
Iy ARENLEy PAFIETEETH 558
FITYABHCLND, GEHE Ly
ADEREBRRM 2 B L, 3 AMATRICE
FILCHRIL 22 #, MiEA» o 5Bk o RS %
5. BHEOBSEBEE AR L CHk~
TADEMERICERL, ABEOREE 3RED
BLTEEHER T4, AEE~y 2AREOF
LRt RIEFEOLTIAREIZ L 525, BRI

<y A0 MEREMEEE L, BEERLE
e, PCREEI L 2 &R, &5ICETHEM
BICL A HAROBREELIT) . baihIiZEYH
LOMECImME, miE, L, BB, BE, B
B, BACwWilEzEBRohG, BERIE
AWV B3E1E, EENEEICL > THE HE
3¢5, MREEEE T BGM (buffalo green
monkey . 77U A3 FUFVER) L S

Bwa, :n6®§Wuwfnémvwwmm
PEBRDURE R R B 5 /0%, HdT e
FER tiﬁE%h%ll)m.

Q) PrER L&

e et & BEbh b ERIgE T E#Gimenéz ik
BRF LYY, HD5VIdGREEEHAETY
BTHZLINETIEH AN, FEOZHE L
TRAEETH Y, EBRICEETITbhiw,
LREDOGHEEFRORE L L COFBIITIER
EEND,

(3) BT

PCRELIZ & BHFEBEET ORI ATS o & b EE
ERBEBCENTBVERLZFETHS. Zh
FTIHE SN TWBC burnetit \ R E 75
A% — OERBEIET 121, heat shock protain &
I N4 5htpB#fnTF, QpH17 5 A3 FB LW
QpRST' 7 A F, #IEEH% a— F¥ 5coml,
super oxide dismutase® 2 — F§ 58 {E5F% &
B DA%, BIEEZS o & bIRE - HEMICEL
ZZeomVEBETVECHASIh TWwAND, bh
biud, EICE&MO/NT 4 —3— FPEP B
MefroTHY, 2MWEMIIZmES 56 0
HAWETH L, BEFREEES 60 #EME
LHEEASRS SNTBY, bhbhizong
TIZE B OBARO FR LA §E T, ffFE»D
W 2 Hr LR OBESL % B9 ZTagMan probe
% Fv>7oreal time PCRIC X A HEOB%E B &
Vi 24T o 72, ThECUBELNRLEEDLS
1, BB b HEROnested PCRIEE RIS TH - 72,
F 72, LAMPE® B W/2C. burnetii O HiEIZD
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A BSHE, C burnetii NineMile T B A S F & 84 Q SBFaukIE & ORIk, B OB R T BRI

SHBEIND.

B [atk, C burnetii NineMile Il 3 #5544 1 & PEM M & o FUL.
C: B, C burnetii NineMile I # B B4 VeroMife & it Q SEBE RIME & OFUE. FIZEOHRMT D,
AP W AR, MRS b BAE L TBIE s h b, (EREHRE O DT T4008)

WTHHHEToTVHY, com 1&FE LT
LAMPO#:K 75 4 v —%5%E L, &5llloop
primer & RINT 5 Z & TR £ 20~3074
WD LATCEL. TRODRIZE Y C burnetii
Nine Milet#k®genomic DNA% 65C D& R T30
DA T & 72, IR L 6 18/ test T, Xt
BECd Hnested PCREELESETH 7. Ihb
2 DORBEFZ VTS FFRESE , C. burnetii
OREMRBICERTHLEEZ OGN, SEER
TORH L FHErRFEINL.

2. MiFmMHRE R

(1) B s ek (IFE)

I EHT A E O Zde sk & U T B
fRE(RE) A S D, alEicld, $704
ZHT B LS L, FORIMEREICHTT S
VSRS, —fixis, THEL ) THEIIT

FLHKEATE 25720, BUBOMEEZRT
id, DHEZ ECHY, BEll-s T«
T, BRI BN L nEfo~7 IE
TOIGHAMD 4 LR Z D5 2 L RI[gMD
BEOERIZ L » TiThbh b, R E LTI
SR & D HEVIRERNTH 545, THEZE
Bl ¥7-Verod 5V IIBGMAIIA % HV 2 56
bdH s (2w, FgMiltAV554, Ml
OFAEIRD L D&, HBSNMIERIE T ART L
OWENFRIZEEERL T LbDEHHEE
Al L, MRS ORFHBIC LV b DIIERE
BEIGE# A D, PRI R OGO Eor
H~8EEET A, BEHEE, XTLET4
L EOFRMED LR H o7 b D ET B, B
MMECTOREEH LV D%V, XTI
TOEEL LRVFAONDL T TIChR Y EHMH
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744 R EsR ETE F15
(i)
>8192 | =BHEA  [FeTigM] IgM 264/ DigG =512
4036 i M :92 ra—
%833 | |=@—1gG | /o——o/' T~ o— o
512 | e ~
256 — /'/ 9 .
‘ﬁﬁ%@ma N .
32 HOm~ RN
16 F =) <
I .
12710 0 W 15 i1 21 30 40 47 61 75 168 (sE)
PCRICLDERTRLE M5+ + =+ — — — NI NT NT NT
JKT4—23—KNT NT NT 4+ -~ — — - = —
(rigidi) (i ekdi)
8192 + = IgM = 64D\ DigG =512 >8192 | =BEC IgMZ 64D\ DigG 2512
>4096 BED 409 il st bl
o i :
512 v o— o = 5121 7o~
| —a v B -
. Q L
64 & %( / eV
32 K99~ 49~ ] T~e
}g = 11=(101) <]g =) (0) —e
Pl e (.., ¢, .
2220 0 10 24 39 60 115 222 (5RED) 24720 8 16 30 70 137 (%A)
PCRICEDEBETRL MEF — NT NT NT NT NT PCRESOEEFRE A — — — NI NT
O4-—3-r- - - - = - J874—2—K NI NT NT NT NT

3 Coxiella burnetii | $HRICH T 2 MGMOHER L Michh 5 DBEFIRHER

rETAHLHD, QEEH L) FITIIEE
B THHREHET A EVEE L, —F,
R oEEZ T, 1HEB X CIMHEE Iz
T 5 EVIURED A S, —#IZ T HE OPURME
WLHEOPMKE L D BN P LHESND,
F7, M QABERHOBE TR
FESEDTHLEVbRTWVS,

(2) BE R e Hi ik (ELISAE:)

BB A¥ v FCTHBHELISAF v + (PanBiott
SO X BYUHRIE DITOND L) IZkoTE
[ % v b Oinstruction paper Tid, IgMFLHAM 2
AT AHECELCRERUTOL Y icieiant
Wh, 2B, DTICREDENTHAA YTy
7 ZBE(ID) L 5L ¥ . [TgMBLEAEAID 10LLF it
Bet, ID20P LdmEEICHMECTH L. ID 10~
20D %1iZlow positive Td - T “may suggest a re-
cent infection” TH H, ZOEFEIT 7T~14HHEI
IR %17 - Cpositive TH 5 = & HFER T 5 75,
ZOBELNB U LOEFPEERTHS.] T,
IgGHUAEICRI LTI [1D 9 AT ixBafE, ID 11
D EEBHETH - TRiltd 5 WidBFE O

AT S, IDI~1DY Y 7N TRERTED
A%, FU LI BERFEL R IRIED
DELRLFETOFRMIIDOBEOKRETO
REFEDD. | ERBLTWD, oY EHiE
KWilRo AR REGHER VW EEILRD
A, EBRIZiEbhbhodihi%el T o T
FgGID 11482 AEX RTHEFDOBETD,
Western Blotting (WB) 8- T27kDa®C. burnetiils
EEONGT 2 HEIGIRBEO DL H Y,
R¥y FEMTOHBICIEEL BT HLEN
HHEEZTVWD, UTRZORF 7o 1%
BlaRT.

IFADBEEES LU
ELISAF v b D4FRIEDFFE

1. QBOWMALERIC & 11 3 #iraigsto9
F—A LN TORGRERITICEML-E
ERARE 3 AVCBMTHREL, FEFBEELL
AR 2 S Q BAOERIT, BEOWHZHT
RETHPUAMIERS 2 BT 5 2 LA CE - (H3).
&, IFETC burnetit THE AT 51gMB X
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4 BEEEAREEC L IRAMOSH & SRR
BIEEOGHARREIC L 2 HMME S, SEhicIgMiies, SEncigGhitke LTray
kL7, IgM=128f% and/or I[gG=256/512 13 Q BEE (FEEZWH) 13V E T
h, ELISABX PP xR ¥ v 70y 54 77 (WB) TTRTOREPHETH -
7. 77, IgM=16f% and [gG=3285 212 7 P 2 B E 1 529851 CRatea v b
TN 4FE TN, ELISABXUWBTTRTOBEKNEETH 7. Thb
D2 ODEIHOFETH B [IgM32~ 6445 and/or IgG64~1281% | » RFHEL L
Lzt oa, QBBEMFIMNBIOMABENE 66 (D H 2 IR —ER
DORTME) DG TN, ELISAB L OWBOFEE, Bt & BUFISEET LI LM

.45
1gG >2.048 *

1,024 Fode
512 ) * * %
256| @ee * ¥
128 ee *  AA *

64 QEMBE B (RELHIB)
* : B~ OEHRIIE
32 AA ® : B~ B EIE
D BEOMPHNBEME
16| AAX149 A BHRRIE
B x4 A gg%ﬂﬁ%
<16 AA B: /R
<16 16 32 64 128 256 512 1,024 >2048
IgM

AN (AN

UlgGHE 2SSl & B L CalfE < 4 R L
FRL, IgMB L UVIgGHR MO REEIE, €
Fh1,024~2,048%5 3 X UB12~4,0961% & E\ il
2Rl 3, ThETo®ELeED, ¥
Y I VIETOROTHERE L UC[IgM264h
DlgG=512] % H T 5 &, BE A TII45%KA
i, BE B TIiX199%HM B I UEE C Tid122
FHETCHREL S ah, ShiEEL LTER
BITHLZ AT ENT. F72, BMAELISA¥F v
bR L TIFEE R L 72, 1gGB X UlgMi
HRELI, WO Ta ba—ictEs TID>11
ML L. ZO8R, lgGHATIRIREE
I PIgMBUR TIITRIEDHIE T, IFEDIRDE
WikHE [IgM =644 2lgG=512] 1233 AELISA
DEFE (ELISARYE /IR ) 1393% 3 X U7 100%

THole. LhL, FERE(ELISARY/IFEME)
wHhbE, IgGHAETIZI00%, IgMPiETIZ40
% Th o7z, K, ELISALIFE:THAMGE OB
Wi E L 25, IgGHFIzoWwTIRITL
A Yo 7208, IgMBUE T 2 HITELISA
MBI EHEICh o TRETRTH 72, =
I THWAME T, AELISAY v MZL2Q
EERBIE I TIZIFE: L Ao LR L, £
7o, BELAELBbh, LaL, IgMitiEo
BEMICELTE, SOIEREPDETHLZ
ENTRBEE N,

2. bPEOWRMAREICH T D&
Rz, MIEOERYBTZC, FRoY v 7
MLTE TOZMIEMEDR X UELISAY v F OF:RME
122w, Western Blotting (WB) % 2|2 L
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746 WU EE TS B
e QEMEBE M (T HTHY)
* : 2HLEE~OEEAIS
e © : DR~ 1BHERAmE
19 (@10 B 5 * A
18 O: MOmNEERE *
e B A BRI
16| 00
151e00 e *
14| OO *
13( 00 *
121 00 * X4
11
10 (]}
9
~8 Siim Ox4 OOOx4 OO
Index ~8 9 10 11 12 13 14 15 16 17 18 19 >I20&32
g

5 ELISAIC & 2 A D57 & SR
ELISAIZ & 28Uikfli % 1 > 7 v 7 AET, #H#IgMPuE, SiclgGhidke L
T7ay kL &< OBREREIFES L OWBER) S, 107y 7 AE>11
Tl Zor. RICHY b4 7EZDE RIFTCO>UL>ITTHEE LT, 14
~UTOBICIHIE L BHREDSREL, £ OBRBIEPRBTEOBREHLTLE

3D EDTRERS.

WEt L7z, Mg, b EomPiiksEs (LT
Fiti 2 ) O S YERME 1500848 8 & ORIE #A ML
EIABR () H150FHI <7 M), Mz b
O —b & UTHEOFMHERE Q 2B E S
(HEERZHNBI) B L URIEOB A 3EF % 516
MR, BetEa s b u—)VILE 4 #4K, 5132410k
TfER L7z, BT & EERIC, IFEENine Milell
HEEPUR & L7, ELISAIZ{3PanBiottd F v b
AL, QBN T 2RI ORE 2
YA OEMFETWBEITY, Q#ias i1
ICRRER 2 2TkDad HEE B B3 A HURDF &
;.

[P CIgM = 1285 and/or IgG= 25615 D&k
B13BITHY, 209 b 4 HlOIgGHRIZELISA
BIUWBTHETSHY, T/, Y IBIDIgM
B L VPlgGHikid & b IZELISAB L U'WB TR 4
THo7/(F4)., ThSHDIFNEIT T Q#E
FHFETH o7 —%, IgM=16# and [gG=32
EDMRBIZISIFIT, TTOBEKTIgMSE L O

IgGHUAIZELISAB L UWBTRMTH o 7. =
i, By bo— V46, ARE
DS B & CEEIAMIEE 2985558 T h T
o, FIT, Th6®2Oo0HBEBTH S
[1gM32~64%% and/or [gG64~ 128 | % (e 4H
ELEZh, QBEEME 3 ML L UM%
BEMFE6HI(H B 2 FlIkRA—BEORT LiF
EIN Q BEFME 3 FIOIgGHRIZELISA
BIUOWBTEMETH /2. T/, MikBEDO~
7 I 2 BIOlgMPUAEMIELISAS L OUWB TR
HTH o 7205, FERMOEFHPALN -7
TOMEEMFIE Lz, T/, BIOMAESE 2
DIgMILKIEWBTOAFHTH Y, Ffle L
7o, B OIREE 2 5I0IgMB & PlgGHifkid
& L IZELISAB L UWBTREETH - 72,
SEOMH» S, IFETIHMERERLHEL,
FOHEBOBBIZOWTHEE D FETHRET 5
ZENRBEDOFCILEZW AT ) 72O EE
THDHIEITRBEENT:, Thbh, B—0hy
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Lok TEOBRETIE, HEREPEBEEOERE
BT A ENHELVIEERL TN,

Kz, ELISAD#ER% b L ITHIE R AD L, &
< oERE(FES X OWBEE) 25, ID>11%
L, BHEHESATLE) ZEFHALNIC
o ([@5). F7-, RICAy A 7ERDEL
>R >17TTHRMEE LT, 14~170/IC
PEk & et R ASIRIE L, % K OB
VDR LTLE ) ZEFHELPITR -T2,
&%, DHENCBVTEAELISAY v b & BIRT
T L0, REREHSLTH Yy b A
THEDEREL EORHAPLETHH ). HbHV
37 METHIDOEIES, IFED 4EDE
ST 2 EERELRE LCRETAZ L
LIRS T AMENHLEEZD. WTHIZLT
LELISAY v b DIERD A TOREEZRTOHE
BRBERCRAESD AL BE LV,

EH WIS

IhEFTObRUbIOKE?»S, DAEISE
35 Q BBEEOBEEOECIIEBINICE, BF
OIFEE, #AELISA¥Y v B L UWBDTXT%
792 & EENTHL., Lo, HEIE
bo & LEREOEVE BN 2 WBILEME T
PEELBHIZIARME CH L7120, TEEH
¥ ) IFEEB X UELISA% $EH L TR DRERA
HTHLIEEMATHIENETLL, €9
+2 2 L CHEBHBEVEETBIP IR ZS
rEbRD. F7, TRTOBEICOWT, ™
ErAVD I EARETHE, KEORE O
L3RR RESEL(ELT
oA FREL, TOEEDIRED S
RHBOFECERETHEVIHFELERDL
ha, LaL, 230, 4HOPEICETSQ
SOMIROITRICIE, REXBEICBH TS S
BEOBVIESKH X v FORELHDLET,
Wi BETREER ERGER LH LBk
REOZESVNETHY, BREELWEEDE
oL L IIRERREVETINS.
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KECEEL, #l21EF, EHEC 0157 : HT @ 10"
BEFIEET L&, BRI ~10HEBOF4T
FEE» SEBI» I TEREREOES, AERE
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L, FERBRO45 BTl 358 B 79 B8 (22%) »
5 STEC #0158 o hic, S BtkD O B3 25 7L
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Summary

To assess the public health risk, the prevalence and anti-
microbial resistance of Shiga toxin-producing Escherichia coli
(STEC) among food-producing animals were studied
throughout Japan. Faecal samples were collected from healthy
animals of 272 cattle, 179 pigs, and 158 broilers on 596 farms in
all 47 Japanese prefectures. STEC were isolated from 62 (23%)
cattle and 32 (14%) pig samples but from no chicken samples.
Of the bovine isolates, 19 belonged to serotypes frequently
implicated in human disease (O157:H7/non-motile (NM)/H
not typeable, O26:NM/H11/H21/H not typeable, O113:H21,
and O145:NM). The eae genes were observed in 37% of bovine
isolates; among them one O145:NM and all four O157 isolates
possessed eae-yI, and one O145:NM, one 0103:H11, and all
five 026 isolates possessed eae-fI gene. Among the swine
isolates, stx2e were dominant, and serotypes frequently
implicated in human diseases or eae-positive isolates were not
observed. Bovine isolates showed less anti-microbial resistance,
but six isolates of 26:NM/H11 and O145:NM were multi-
resistant and may need careful monitoring. Swine isolates
showed various resistance patterns; chloramphenicol resistance
patterns were more common than in bovine isolates. This first
national study of STEC in the Japanese veterinary field should
aid our understanding of Japan’s STEC status.

Introduction

The emergence and dissemination of anti-microbial-resistant
bacteria in food-producing animals have created public health
concern because of the possibility of transmission via food
from animals to humans. The WHO Global Principles for the
Containment of Anti-microbial Resistance in Animals Inten-
ded for Food (WHO, 2000) were recently published. These
principles aim to prevent the overuse of anti-microbials in food
animals, thereby decreasing the prevalence of resistant bac-
teria, and to establish programs to monitor anti-microbial
resistance in zoonotic food-borne pathogens.

Shiga toxin-producing Escherichia coli (STEC) are well
recognized as important food-borne pathogens causing a variety
of clinical syndromes, including diarrhoea, haemorrhagic colitis
and haemolytic uraemic syndrome. Cattle have been implicated
as principle reservoirs of STEC (Beutin et al., 1993; Blanco
et al., 1997, 2004; Kobayashi et al., 2001; Orden et al., 2002;
Leomil et al., 2003), and other food-producing animals such as
sheep, goats and pigs have been demonstrated to carry STEC
(Beutin et al., 1993; Heuvelink et al., 1998; Blanco et al., 2003;
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Eriksson et al., 2003). STEC serotype O157:H7 is the dominant
serotype associated with human disease worldwide, and
O157:H-, 0O26:H11/H-, O5:H-, O91:H21/H-, 0O103:H2,
O111:H-, O113:H21, O118:H16 and Ol45:H- are also fre-
quently implicated in disease (Gyles et al., 1998; Fukushima
et al., 2000; Eklund et al., 2001; http://www.microbion-
et.com.au/vtectable.htm). STEC strains of different serotypes
have been increasingly isolated from healthy domestic animals,
although numerous other serotypes of STEC are either associ-
ated with disease at low frequency or have not been implicated in
disease (Gyles et al., 1998; Fukushima et al., 2000). Besides
serotype, other virulence factors such as the Shiga toxin type
(Stx1 or Stx2) and the presence of the eaze gene, which
corresponds to adhering intimin, have been described in STEC
(Beutin et al., 1995; Gyles et al., 1998; Oswald et al., 2000), and
these virulence factors should be taken into account.

Kimet al. (1994) reported an increased prevalence of resistant
STEC O157 in patients in Washington State, and several recent
studies have documented anti-microbial resistance in STEC
(Meng et al., 1998; Yamamoto and Wakisaka, 1998; Eklund
et al.,, 2001; Schroeder et al., 2002; Bettelheim et al., 2003;
Mercadoet al., 2004). Some researchers have speculated that the
use of anti-microbials in food-producing animals leads to the
development of anti-microbial resistance in pathogenic bacteria,
which can then reach humans via the food chain (Aarestrup and
Wegener, 1999; Van den Bogaard and Stobberingh, 1999;
Wegener, 2003). However, data on the emergence and dissem-
ination of anti-microbial-resistant STEC in food-producing
animals are still limited, and a survey of anti-microbial resistance
in STEC in the veterinary field is urgently needed.

In cooperation with the Livestock Hygiene Service Centres
of all 47 prefectures across Japan, the Japanese Veterinary
Anti-microbial Resistance Monitoring System (JVARM) was
formed in response to international concern about the impact
of anti-microbial resistance on public health. Here, we discuss
the prevalence of STEC in groups of major food-producing
animals across Japan, as determined under JVARM, together
with their virulence properties and anti-microbial susceptibil-
ity. This is the first national survey of STEC in the veterinary
field in Japan.

Materials and Methods

Sampling of faeces

Sampling was carried out by the Livestock Hygiene Service
Centres of all 47 prefectures across Japan from June 1999 to
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March 2001. Fresh faecal samples were collected from healthy
beef cattle (mainly 8-24 month-old of cattle), pigs and broilers
on farms. Farms were selected by each prefecture’s centre from
among those farms that had taken informed consent for this
study; in general, four to twelve farms per animal species were
selected in each prefecture, and finally a total of 596 farms
were selected from all 47 prefectures (268 farms of 47
prefectures for cattle, 176 farms of 46 prefectures for pigs,
and 152 farms of 43 prefectures for broilers). One fresh faecal
sample (in the case of cattle or pigs) or one mixed faecal
sample (in the case of broilers) was collected at each farm.
Faecal samples were placed in sterile plastic specimen tubes on
ice and transported to our laboratory (June to December 1999)
or to the Livestock Hygiene Service Centres of 12 prefectures
(October 2000 to March 2001) for bacterial isolation within
3 days.

Isolation of STEC

Approximately 1 g of each faecal sample was incubated for
18 h at 37°C with 9 ml of trypticase soya broth (BBL, Becton-
Dickinson, Cockeysville, MD, USA) containing vancomycin
(6 mg I”!; Sigma Aldrich, St. Louis, MO, USA) or modified
E. coli broth (Kyokuto Seiyaku Co. Ltd., Tokyo, Japan)
containing novobiocin (20 mg1”'; Wako Pure Chemical
Industries, Osaka, Japan). One loop of this enrichment culture
was further incubated with 1 ml of trypticase soya broth
(BBL) for 4 h at 37°C; the culture was then boiled for 10 min,
and 5 pl was used for PCR in a total reaction volume of 50 pl.
STEC were screened with a pair of stx common primers
(Table 1) in accordance with the PCR method of Ohashi et al.
(1993). Amplification was performed in a DNA thermal cycler
(Perkin-Elmer, Foster City, CA, USA) for 35 cycles of 1 min
at 94°C, 1 min at 55°C and 1 min at 72°C, with a final
extension at 72°C for 10 min. PCR-positive enrichment
cultures were then streaked onto desoxycholate, hydrogen
sulphate, lactose agar (Eiken Co. Ltd., Tokyo, Japan) and
sorbitol MacConkey agar (Difco Laboratories, Detroit, MI,
USA) supplemented with cefixime (0.05 mg I"") and potassium
tellurite (2.5 mg I"!; Mast Diagnostics, Bootle, Merseyside,
UK) (CT-SMAC). Up to 96 candidate E. coli colonies were
chosen and examined for the presence of stx genes by the same
PCR technique. We also picked up sorbitol-negative coliform
colonies that appeared on the CT-SMAC. Stx-positive isolates
were inoculated onto nutrient agar (Eiken), purified by

Table 1. Primers used in this study
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subculture, and confirmed to be E. coli strains by conventional
biochemical tests and by API 20E (bioMeérieux, Marcy I’Etoile,
France) in the case of the finally chosen strains. One stx-
positive isolate (or, if there appeared to be variability in
characteristics, two isolates) was chosen from each faecal
sample and subjected to further study as described below.

Virulence-associated characterization of STEC isolates

To assess virulence properties, we examined the STEC
isolates for serotype, stx gene type and presence of the eae
gene. O anti-sera for serotyping were purchased from the
E. coli Reference Laboratory, University of Santiago de
Compostela, Spain, and H anti-sera from Denka Seiken,
Tokyo, Japan. Serotyping was performed by the methods
described by the manufacturers. We tested for serotypes Ol
to 0175, as well as 22 commercially available H-types (H2,
4-7, 9-12, 16, 18-21, 27, 28, 34, 40-42, 45 and 51). The
presence of the stxl, stx2 and eae genes were investigated by
PCR in accordance with the methods of Ohashi et al. (1993)
and Gannon et al. (1993) (Table 1). Amplification of the eae
gene was performed by 35 cycles at 94°C for 1 min, 55°C for
1 min and 72°C for 2 min, with a final extension at 72°C for
5 min. The methods used to amplify the stx1 and sx2 genes
were identical with that used to identify the stx common
gene. For stx2-positive isolates, stx2e gene was further tested
according to the methods of Johnson etal. (1990). For
eae-positive isolates, eae-fI and eae-yl genes were tested
according to Blanco et al. (2004).

Anti-microbial susceptibility testing

Fighteen widely used anti-microbial agents approved in Japan
as veterinary medicines were tested. The MIC of each isolate
was determined by a standardized agar dilution method, as
described by the Japanese Society of Chemotherapy
(Mitsuhashi et al., 1981). Isolate was grown in Mueller-Hinton
broth (Difco) for 18 h at 37°C. The concentration of the
inoculum was adjusted to give approximately 10° cfu ml™! in
saline, and the inoculum was spotted onto a Mueller-Hinton
agar plate (Difco) containing serial 2-fold dilutions of the anti-
microbial agent, using a multipoint inoculator that delivered a
5-ul sample. The plate was incubated for 20 h at 37°C. The
MIC was defined as the lowest concentration at which no
visible growth was observed. E. coli ATCC 25922, E. coli

Primer Target gene

Primer sequence (5"-3")

Product size (bp) Reference

VT com (forward) stx (stx] and stx2) CGG ACA GTA GTT ATACCA C 171 Ohashi et al. (1993)
VT com (reverse) CTG CTG TCA CAG TGA CAA

VT1 (forward) stx] CAA CAC TGG ATG ATCTCA G 349 Ohashi et al. (1993)
VT1 (reverse) CCC CCT GAA CTG CTA ATA

VT2 (forward) stx2 ATC AGT CGT CAC TCA CTG GT 404 Ohashi et al. (1993)
VT2 (reverse) CCA GTT ATC TGA CATTCT G

VTe-a (forward) stx2e CCT TAA CTA AAA GGA ATATA 230 Johnson et al. (1990)
VTe-b (reverse) CTG GTG GTG TAT GAT TAA TA

AE 9 (forward) eae ACG TTG CAG CAT GGG TAA CTC 815 Gannon et al. (1993)
AE 10 (reverse) GAT CGG CAA CAG TTT CAC CTG

EA-BI-F (forward) eae-f1 CGC CAC TTA ATG CCA GCG 811 Blanco et al. (2004)
EAE-B (reverse) CTT GAT ACA CCT GAT GAC TGT

EAE-FB (forward) eae-yl AAA ACC GCG GAG ATG ACT TC 804 Blanco et al. (2004)

EAE-CI (reverse)

AGA ACG CTG CTC ACT AGATGT C
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ATCC 35218, E. coli NIHJ, Staphylococcus aureus ATCC
25923, S. aureus 209P and Pseudomonas aeruginosa ATCC
27853 were used for quality control. Breakpoints were those
described previously (Kijima-Tanaka et al., 2003).

Results
Isolation of STEC

A total of 609 faecal samples (272 from cattle, 179 from pigs and
158 from broilers) were collected from 596 farms of all 47
prefectures across Japan. STEC were isolated from 62 bovine
faccal samples (23%) and 25 swine samples (14%). Three of the
positive bovine samples had different serotypes or stx types of
STEC, so we chose two isolates each from these three samples.
Finally, we chose 65 bovine isolates and 25 swine isolates for
further study. Of these isolates, 23 bovine STEC were isolated in
prefecture laboratories and the remainder were isolated in our
laboratory. These isolates originated from a wide area of Japan:
the bovine isolates from 32 prefectures and the swine ones from
17 prefectures. Overall, bovine and swine STEC were present in
all eight districts (Hokkaido-Tohoku, Kanto, Chubu, Tokai,
Kinki, Chugoku, Shikoku and Kyushu-Okinawa) of Japan. No
STEC was found in the 158 broiler faecal samples.

Virulence-associated characterization of STEC

Serotypes and other virulence-associated characteristics of
STEC are shown in Table 2. For the bovine isolates, 65
isolates could be classified into 32 serotypes. Among them,
nine isolates belonged to the serogroups of 0157 and 026,
which are most frequently detected as causal agents of human
diseases. All of these isolates possessed the eae genes; eqe-yl
for all O157, and eae-BI for all 026 isolates. Three isolates
belonged to the O113:H21 serotype and seven to O145:NM,
which serotypes were also frequently implicated in human
diseases. Eae gene was not detected from 0113:H21 isolate,
and stx and eqe genes including eae-subtypes were varied in
O145:NM isolates (Table 2). For the other 46 bovine isolate,
six2-positive, eae-negative isolates were dominant (25 isolates).
Eae-genes were observed for 13 isolates, of these, one was eae-
B1 of O103:H11 isolate, and the other 12 were not eze-$1 nor
eae-yl. Geographically, two isolates of O157:H7, two isolates
of O84:NM and four isolates of O174:H21 were derived from
different farms in the same prefecture, and for the other
isolates of identical serotypes, the geographical origins were
from far-spaced prefectures, each other.

The swine isolates belonged to 15 serotypes, including three
not typeable isolates. The serotypes and other virulence-factor
genotypes were quite different from those of the bovine
isolates. Serotypes of frequently implicated in human diseases,
or eae-positive isolates were not observed in swine isolates.
Stx type was stx2 in 24 of 25 isolates, and many of them
(18 isolates) were stx2e, which was associated with oedema
diseases in pigs (DeGrandis et al., 1989). For the six 0100:NM
isolates from five far-spaced prefectures, stx2 type was not
stx2e.

Anti-microbial resistance

The MICs of the STEC isolated are shown in Table 3. MIC
distributions range, MICs, (MIC values that inhibit 50% of

M. Kima-Tanaka et al.

the isolates tested) and MICo, (MIC values that inhibit 90% of
the isolates tested) and rates of resistance were generally higher
in swine isolates than in bovine ones. High rates of resistance
were observed against sulphadimethoxine (68% pigs and 55%
cattle), oxytetracycline (64 and 32%) and dihydrostreptomycin
(44 and 31%), followed by ampicillin and kanamycin
(11-16%). For chloramphenicol, higher rates of resistance
were observed among the swine isolates (48%) but low rates
among the bovine isolates (3%). Trimethoprim resistance
showed a similar tendency. Rates of resistance to the other
anti-microbials were <4%. Resistance to cephalosporins
(cefazolin, cefuroxime and ceftiofur), quinolones (nalidixic
acid, oxolinic acid, enrofloxacin, and ofloxacin) and bicoza-
mycin was not observed.

Anti-microbial resistance patterns of STEC are shown in
Table 4. Twenty-seven bovine isolates (42%) were susceptible
to all 18 anti-microbials assayed (data not shown). Fifteen
isolates (23%) showed single resistance and 23 (35%) showed
multiple resistance. Among the multi-resistant isolates, six
(026:H11, 026:NM, and four isolates of O145: NM) were
serotypes frequently implicated in human disease. Multiple
resistance was also frequently observed in O2:NM and
O174:NM/H21 isolates: among these, four O2:NM isolates
from far-spaced prefectures, and three O174:H21 isolates
from different farms in the same prefecture and one
0O174:H21 isolate from far-spaced prefectures showed identi-
cal resistance patterns. The most frequent resistance pattern
of the bovine isolates was sulphadimethoxine-oxytetracy-
cline~dihydrostreptomycin resistance, and additional patterns
of resistance to kanamycin and/or ampicillin were also
frequently observed.

Fifteen of the 25 swine isolates (60%) showed multiple
resistance and seven (28%) showed single resistance (Table 4).
Only three isolates (12%) were susceptible to all anti-micro-
bials. The swine isolates showed various resistance patterns
including resistance to as many as seven anti-microbials, The
resistance patterns were different from those of the bovine
isolates, and patterns including chloramphenicol were more
common than with the bovine isolates.

Discussion

In Japan, rates of human STEC infection abruptly increased in
1996 because of a large-scale outbreak of 0157 infection in
Sakai city: government records of STEC isolation from human
cases increased to 3022 in that year and have been kept at
about 2000 a year since then (http://idsc.nih.go jp/iasr/
index.html). O157:H7 was the dominant serotype in those
cases, followed by O26:H1l. And about 90% of human
isolates belonged to serogroups 0157 and 026. In our study, a
total of nine of bovine isolates belonged to 0157 or 026, and
all of these isolates possessed the eae genes of eae-yI for 0157,
and eae-B1 for 026 isolates. Special attention should be given
to these isolates to follow their rates of prevalence and anti-
microbial resistance. We also detected three O113:H21 isolates
and seven O145:NM isolates in cattle; these isolates were also
frequently implicated in human cases followed by 0157 or
026. Our O113:H21 isolates lacked the eae gene, and this is
commonly observed in the literature on O113:H21 strains from
human disease (Gyles et al., 1998; Paton et al., 1999). Further
studies of virulence factors such as Ipfdo;;3 (Doughty et al.,
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Table 2. Virulence-associated
characteristics of STEC isolated
from food-producing animals in

Japan Serotype®

Source

No. of isolates

No. of isolates with the following genes®:

stxl stx2 stxl +stx2 eae

Cattle 0157:H7
O157:H NT
026:NM
026:H11
026:H21
0O26:H NT
0113:H21
0145:NM°
O1:H45
02:NM
O8:NM
O15:H NT
022:H NT
0O46:H NT
046:H11
074:NM
084:NM
088:NM
098:NM
0103:H11
O113:H11
O113:H19
O113:NM
Ol116NM
O119:H16
O119:NM
0146:NM
0165:NM
0174:H21
O174:NM
NT:H NT
Rough:NM

Total

O2:NM
O2:H NT
O8:H19
O91:H NT
0O100:NM
0100:H NT
0104:NM
O121:NM
O121:H10
O123:H NT
0141:H4
O141:H NT

Pigs

Total

3¢
1 (y1)
2 (8D
1 (1)
1.(BI)
(D)

0
2 (B1(), vI(1)

(stx2e)

80

—_— R N ROt R e RO KD bt et e Ly Rt e D b b ] et ] () e et em KD e (D
- O OO = NOOOOO R MmO~ OO0 WD=—=OND ~—
O NN ==~ N~ QOO = = dm Ao OO

COOONONODCOD DO —~OUn— OO ~O

(=)
w

21 (32.3) 35 (53.8) 24 (36.9)

0 2 (stx2e)
0 1 (stx2e)
0 1 (stx2e)
1 0

0 6

0 1 (stx2e)
0 1 (stx2e)
0 2 (stx2e)
0

0

0

0

0

0

0

1

(13.8)

2 (stx2e)
3 (stx2e)
1 (stx2e)
1 (stx2e)
1 (stx2e)
1 (stx2e)
1 (stx2e)

24 (96.0)

bttt bt e GO RO DD e e QN = e DD

i
0
0
1
0
0
0
0
0
0
0
0
2
1
1
0
0
0
0
0
1
0
1
0
0
0
0
1
0
0
0
0
9
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

N
w

4.0) 0.0) (0.0)

aNM, non-motile isolates. NT, not typeable isolates with Ol to O175 anti-sera, or with commercially
available 22 H anti-sera. Bold and underlined serotypes are serotypes frequently implicated in human
disease. Two isolates of O157:H7, two isolates of 084:NM and four isolates of O174:H21 were derived
from different farms in the same prefecture, and for the other isolates of identical serotypes, the geo-
graphical origins were from widely separated prefectures.

Stx2e gene was tested for stx2-positive isolate, eae-fI and eae-yl gemes were tested for eae-positive
isolates. Number in parentheses is number of isolate, and no number means ‘all’ corresponding isolates.
“Virulence-factor genotypes of 0145:NM isolates were as follows; three isolates of stx2, two isolates of
stxI, one isolate each of stxI-eae-yl and stx2-eae-f1.
dNumbers in parentheses are percentages of the total isolates from the respective sources.

2002) might be required for these isolates. For the other 46
bovine isolates, stx2-positive and eae-negative STEC were
mostly prevalent as 25 isolates. These results are consistent
with those of earlier reports that stx2-positive, eae-negative
STEC are dominant in healthy calves and might be compo-
nents of their normal intestinal flora (Beutin et al., 1995;

Blanco et al., 1997). And although eae-genes were observed for
13 isolates, eae subtype was not eae-f1 nor eae-yl except one
0103:H11 isolate. Some reports indicated that human or
bovine isolates of STEC 0103 were closely associated with eae-¢
(Oswald et al., 2000; Blanco et al., 2004), but our O103:H11
isolate reacted with eae-fI primers like O103:H2 isolates of
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