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TABLE 4. Confirmation of equivocal ELISA results with IFA test and Western blotting assay
Result for indicated sample no. with serum origin:
Subtype Test Confirmed Q fever patients Japanese clinical specimen
1 2 3 4 14 2 3 4 5 6 7 8 9 10 11 12 13 14
IgM ELISA® 151 138 83 8.8 128 14 125 34 73 19 104 4.2 8.3 135 111 112 157 51
IFA® 32 + <16 <16 32 <l6 <16 <16 <16 <16 <16 <16 <16 <l6 <16 <16 <16 <16
WB? + + — - + - - — - - - - - - -~ - - -
IgG ELISA 147 14 151 147 97 43 52 158 13 148 119 194 141 41 2.7 45 4.6 12.2
IFA 128+ 128+ <16 32 <16 <16 <16 <16 <16 <16 <16 <16 <16 <16 <16 <16
WB + + + + - - - - - — - - - - - = - -

“ Probable acute case.
 The numbers indicate the ELISA index.

¢ The numbers indicate the IFA titer of the diluted sera (see details in the text).
4 +, positive; —, negative in the recognition of the approximately 27-kDa protein.

specific protein by WBA, although a few of them had a signif-
icant index by ELISA (Table 4). This is in accordance with a
previous study showing that ELISA is suitable for use as a
screening assay for Q fever diagnosis, with the IFA test used to
confirm negative results (3, 4). We may explain this difference
by the fact that a nonspecific reaction by ELISA may still occur
due to cellular debris in the antigen preparation from culture.
Although a recent study showed that LightCycler nested PCR
can also be applied as a secondary tool in the diagnostic strat-
egy for the early diagnosis of acute Q fever (5), the result of
this study showed a good correlation between IFA titers and
ELISA index values. A higher IFA titer correlated with a
higher index in the ELISA result. Based on this clarification,
confirmation with another serological test might not be re-
quired for samples categorized as negative by the IFA test.

We proposed the titer equivocal area and found 9 sera,
including 3 from confirmed Q fever cases and 6 from Japanese
pneumonia patients in the area, by the IFA test. Three sera
from the confirmed Q fever cases and one serum from a pneu-
monia patient were positive by ELISA and WBA. However, 2
sera from pneumonia patients were negative by ELISA but
positive by WBA, which left 3 sera negative by both ELISA and
WBA. These results suggest that a single cutoff value for the
IFA test may cause false-positive and false-negative results. In
addition, only the IgM titer was positive, and the titer was very
low in the positive case of pneumonia. This result suggests that
serological assay with paired sera should be done for confir-
mation.

The results presented here illustrate the new criteria for the
IFA ftest for Q fever. We recommended that an “equivocal
area” should be used for the IFA test, rather than a single
cutoff value and that sera in the equivocal area should be
tested by additional serological assays to eliminate false-posi-
tive and false-negative results.
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DlgG=512]% HTidw b &, BE A Tid45%KAE
B, BE B CI199RHHEEB L UEE C Tid122
FWHETHEELBH S, DL LTER
WTHDHILAREEN. /2, BAELISAY v
bR L TIFEE B L7, IgGE L UlgMin
fRE bz, |FOTT b I—NICHo TID>11
e L. 28R, lgGHETIRIREDS
L PlgMBR T TREDTHE T, [FEOHRDE
Wi eiE [TgM=64%21lgG=512] 12444 BAELISA
DL (ELISARE 4 /IFEE) 1393% B X U8 100%

THo7z. LrL, HRME(ELISAKMY/IFEH)
BAh5E, IgGPETIZ100%, IgM¥LAETIZ40
% T o7z, KiZ, ELISALIFE TR DR
HEWRE LIS, IgGHAEIC>VTIZIZE
AEFEZ L Do 7oh, IgMFTR T 2 5] CELISA
HE ) EYICho TRITTRETH 72, 2
ZCTHWZME T, ARELISA¥ » MZ& 5 Q
BRI E I IRIFE L AgoEEERL, F
7o, EELFESE LB/ LaL, IgMfko
BEAICEL X, SHUREPLETHSH T
VN (AR

2. hHEIOHPHRBEIC ST 51509
XIZ, FEOKREBT X T, [FEOY 7
VILETOBWFERES L UELISAF v h OfFEMA
1220w T, Western Blotting (WB) % &£ 12
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7146 MR AR TS 18
i0G QB IS (T HTHI)
* : B~ DIEEAIE
>201 6@ © : DS~ @M HAS
® .
19000 B tf
18 O ficbikEEnR
| e B AL RS ISE
16| OO
15|00 e *
141 OO *
131 00O +*
12| (JO * X4
i/
10 00
9
s |Ox276
8l ax s Ox4  [ODDOx4 DDE
Index ~8 9 10 11 12 13 14 15 16 17 18 19 >20~32
igM

5 ELISAIC & 2D ST & SR ELst
ELISAIZ & 2 5idkfiie 4 > 7 v 7 AET, Bz IgMPE, SihiclaGhik e L
Ty b L7z B OBRBREIFES L UWBRM) S, 47y 2 ZE>11
ThEL 2o/ RIZA Y bA 7RO E FIFTOURS17TCHBEE LT, 14
~1TOBICETE & B AR L, £ DEBEHPEEEOKESHLTLE

) ENRENL,

BEFL7:, Mgk, brEof+iizas (BT
i % 2858 ) o SRR I % 1504 44 X OV[a] 18 4 i
BS54 (9 H150BIE R 7 IMIE), Betko > b
T =L & UTHEIDORFFeER sk Q BB %
(FEEZWIB)) B X URIHEDOEH A 3EB % 41516
Mk, BtEoy b o —VIE 4 #4F, 332400
M L7z, BITH & FARIC, 1F#E:3Nine Milell
B ZHUE & L7z, ELISAIZIZPanBiott o ¥ » k
AL QBT A ERAOEA %
BT 5 -OEMETWBEZITY, Q#Ir ST
IR I 72 2TkDad EE B B 23 B Bk
L YA

IFE TIgM = 128% and/or IgG =2561% Dtk
B13BITH Y, 209 b 4 FDIgGHARIZELISA
BLUWBTHHETHY, T2, Y 9HDIgM
B L UlgGHiffid & & IZELISAB & UWB T it
THo72(H4)., ZNEDIFNTT T Q #hE
FEMFETH o7z, —7, IgM=16f and IgG=32
fEDRKIZISIFC, TXTORETIgMSB L U

[gGHUAIZELISAB X UWBTRMTH - 72, =
iIZiE, BiEory ba—ifE 46, s
DEHERIB L CEEHAIME 2986175 T
2. ZIT, ThHD200MEEETH S
[TgM32~641% and/or IgG64~ 1284 | % (RS0 481
L& h, QEBHEME3IHAED L UM%
BEMFE6H (D5 2 HlIERA—BEDRT M%)
DE TN Q BBEINE 3 BIOIgGHAIIELISA
BLUWBTHMETH -7 7=, HikBEo~
7 7% 2 BIOIgMPUAMIZELISAS & U'WB TR
MTH o7, FHRMOLEE LS b o7
TZOMWREMBIE L7, $72, JoMEEE 26
DIgMPEIIWBTORFHETH b, Fne L
720 R OMREE 2 HIOIgMB X MlgGHikiZ
& HIZELISAB L UWBTRMTH » 72,

SO S, IFETIHMERER Y ST L,
FOEHOBBIZ OV THER DO FETHRIT 5
CENHEOBVILEZBH 21T 20IIIEE
THoEILITREESN, $by, B—Dh v
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M F 7 EORE T, BERERLEBREOKEY
BT A b LW ERRLTVA,
KiZ, ELISAD#RE T b L IHER AL E, £
< ORRMRAEIFES X UWBRKH) A5, ID>11%
AL, BHEHEINTLEDY ZEHL NI
eof(®5). /-, RICHy bATHEFVELE
T4 >1TTRHRMEE LTH, 14~170HIC
Wt & IEMREMRAEL, £ OBREERTEE
HORELHLTLE) ZEHFHLP IR o,
L1, bHAEIZBVTEHAELISAY v b & HIET
HHRTAH-DICE, REEEERLTHY M
TEOEERLZ LORFAPLETHS). HbHw
Z AT METHOIDOEALIEE, [FED 4 F0%
IS T LEE L BB LCRETAZ L
bR T AMENH DL EELL, WTFRIZLT
HELISAF v P DERDATOMEBMOHEID
FHRTERENH L Z L 2EHLAv.

EbH I

IhETcobhbhoEsadsrs, bHREILE
75 QHRBEOBEOEH VIIESHNIZIE, BHF
DIFE:, BAELISAY v FBXUWBO TR C%
179 2 & HHAEITH L. LarL, BHEICKE
b ol VEBEREEOE W E BHR AWBIEMTY
NEELBWICERME TH B0, Wk,
X ) IFE:S & UELISA% BEA L TRUE O#ERH
BTHEIEEHERTLIENEFLL, £
T5ZE TR CEETEHPTRICZS
EEDbNL, T, TRTUOBEIZOWT, I
EER VLI EPRETHIE, ABOKREO
LI ERORREEMEL RO T
oV RN A REL, TOEBOBRED A
REBOFTETEHRETLEVI) FELEZDS
na., LhL, R0, 4HbFEICBIT5 Q
BOBIROIBBIZIE, RELEHEICBHTES
BEOBVWILEZH Y v PORRLEIHDET,
Bt AT TFRIE R E 2B L2 5 LB
HEEDFEENLETH Y, BREKLFEEDE
HEOD LIZBRALRKENVFEIND.
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i sk

B A

PREHMERBEIEE b ERICHBT 2BEETHY, zoonotic Escherichia coli (DE
BTHD. FEEFFZ23CRATYNH 2 HE TRERELTHY, BREEOEMELE
ROKREBFRELEBLT, HHVIRESMEOEMENLTE MCRERES 52 3,
LoT, FHICRRERMENEETHY, BIMETORBBECOREOELELINIEL,
WMEMERRICEDVERBICEIBANAFEF 2 UF 4 —L AT ADBENEETH

60

Key Words : I5% Mt KIBE/E/ B @R

I FU0&®IC

KREEOLEHT, THIEWRERED E¥ahs
—REIRHORRE T ARE L, TR, &
LTEEREMELTI SR I, THEERBESE
1203, BEREMICEET 2 EREYREE, B
ERRATERIGHE, BEREN KBRS & &,
18 TIEFRNICRY T 2 BE R BEE (en-
terohaemorrhagic E. coli:EHEC), B%& BEMH
LIRBEMHKRIEGR (attaching and effacing E. coli:
AEEC, LEREMRKBEEO —#iIzZon 72
U—IZIBY) H D, BB I ABERY K
BB Y (zoonotic E. coli) EEZ 65NTED, N
WA FEEORE®TH B,

KX T, B¥o EHEC % 64K B EIERYYE,
zoonotic E. coli DREFERE, REIIGIGEE s &
DNTaE~NB,

I B K5 E R

B O KN B RT3 DR B 0 TR « FeibIs
DENP S, THIFEERBEOBERLFETH 5

R BEYE TR & KRG B PR IG A 35 IUE GRIER), %
IR RIG B D 4 B BRYYE T & 2 KRB B I Bl e & K
PR PERER 28, RATREE TH 2 KBHEAE
7%, FEHABELE, RERYSEL EOFEITHTS
nab,

1. KIEEMETH

GO, BKTRIFERFERERIC X 5 TH
O FEASAEL D E A, —HC EHEC % AEEC & 15
BRI T 5, @Y%, TEEE (St 2EA
T RIGE T BB L K H (Shiga toxin-
producing E. coli:STEC) &¥eMah 543, STEC
RN O EHECY & £ 1 28 A% 4 non-
pathogenic STEC® 1243 TEZ 2 0% h b 3,
EHEC & AEEC I3, 1T eaed EiF42 45 LREIE
Tt & 1= ¥ 8 (LEE : locus of enterocyte efface-
ment) % RE 7 % 4%, non-pathogenic STEC I3 %
%&b 72780, LEE 3AMEEE intimin 94 O
SWEEOFEAEAFIE L, KB O KB~
% ICBI5 U T AE(attaching and effacing; B ® E
BAEIE~ DR SMHEONK, B1) WELEE
S5, FOTHIHFE EHEC I3 Stx1 BEAE A

Epizootiology of enterohaemorrhagic Escherichia coli in animals
" Muneo Nakazawa, Masato Akiba BRI RAEWHRBL — /) — v 2PFEE

VEE VEEMRE

44 (1320)
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L, ORI Stx T AL TS —
DEELE NI EnS, KEROHFITHT 5 TH
EH RS TG L O EHR S N, EHEC &
ABECIZ & 2 THIOHITLIT AERZOEBICHED
i ICERNT S EE 2 05, 40 EHEC &
@ A MBERESE SORER» S LIZLIES
TR DY, ABMLEREGA S L THEER
I b,

0 EHEC BEYER 4 B RB o F it/ s
n, AN RA, BN EEORESEENEZ L, KX
BT S EE Ok 2 8 &3 2 HmREHEKRE
BIRYHE & 13875 ), EHEC BRYAE o sA6] T
R E PR R T H 0, BokKIZEET
Hb, BREOTA O HMENZOS : H—
026:H11, 0103:H2, O111:H —, 0113:H21,
0121 : H19, Ol45: H —7#m@ &TH b, 0157 HT
DORAGZ/NE 0 B U TIER O 4 & EHEC % 1&
HLTkEO, ZMICEL TRIESE oREHEBRE
EITOAEREORBEEZFANDLDLEND 5,

— M I R E T T # O FIE 1 (AR AR o FE A A
KELEEL, #1212, EHEC 0157 1 H7 @ 10"
fEEfickEds&, £%1~10HHO 4T
FEES SEBICAT TEREEOESE, AERE
OIK, FRIFIEND 20, 4HEBL EOFHT
BIHRZ S THI b0, FRAERBSUCEARED
R AR Z T 5 E AERENER IO THARZ T
2, AfbOREE &SI ESR L, AEN
HEILEIZA > THHATARERBIIETZ 2D L
FELHNBD,

AEECY i3 Stx Pz rv7o b+ v AEELR
WS eaeA BIGFAEBREL, FEEFLHE N, F
H, K, ¥ ¥ ovFE, 4%, 20, BHEE
EIZ G T AR THEEBRO RO fE TIRRE R
WIRER & WA B, T D AREC BT THIE
BRETH D0, BT 2Em»NH 0 RERE S
Bo FHTOME TIT 445 B 75 BE (16.9%) A3
AEEC #BHE L TH b, OB MFERENIT O15, 026,
035, 049, 051, 063, 074, 076, 0109, O115,
O117, 0138, 0145, 0183 ETh -7, Fit,
KD AEEC & LT 026, 045, 0108 7 Ehidh 5,
EbOBEREERERE SO AEEC ITid
WA MERHBFAET 5,

W

BMICBT HRERMEXRBREOES

1 BEREMKEE 05 H —~DRERETFF0O
KBHERCER SN AERE
AE (attaching and effacing) #HZ X IEHEIE LR
O RBHEOEE EWMBMEOHEEZRE L L,
EHEC % AEEC LB 5 R H O gl U T#l

BaAN b,

2. KIFEMBESNE CEIER)

ARIE T STEC OFFEMIERE O KRG K - THE
N FEE Stx2e BRI S h, EROHEMREEE
THIETHRFT 5, FERIIEEFELLED BT
ThHY, FHEZE b EHEC BRYHEIC A8 25
I PE PR 0 FE B, SUMERKIE 7R & SR B
3o SEEHEEOSE N O HIMEENIE 0139 : HI,
Ol41:H4, 02 :H —, O138 :HU4 B &ETH 2,
BEREEAHERF E LT intimin 2 & 7272008,
WEFI8 ZELET 2, STEC 0139 H1 ® 0141
H4 ok 2 b bOfEFIIE RS2 50D, 0139 :
Hli3 b b HRRIEHE HEp-2 i it & T
e CHBERMBECILVET Y —DFHT LT
EERLTED, B bADORKREEAGE TR

Vo Fh, b MEGIEKD S Stx2e EEA 0101 23
SEEEINTE O, W OMEMEITHRN 2N
%o

—J, & MK EHEC O157 : HT @ 10°f@ % 4
‘R TOEREKICEORET 5 L, KEIRE
RIBICAERZEZTER L, THMEI 2 &R
THEFMAR K 0 EBJGH, K7L & iR
R B NS

I BBt i KSR O RERREE

1. EHEC 0157 OR&E
ABOBREBEBELEE LTEEREETH, BHE

(1321) 45
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HEDOHLER > T 5, FNOTE T, 5
BRSO OI5THEY R 11.8%, FEE0~ 135%
CE6.5%) TH b, Lo, MERES S
LD GBERPBEL > T E, ECICHBLEORE
RF135%TH Y, HAFD 1.8%ICH~NERT
Holi, BE O HBHROEAERRE, B
DENIEENRERICEB LT B D EEL S
N5,

T, KEICBOWTZZEBICERS L
B AL O EHEC O157 (REHAES Tk, 327 #H
191 81 (27.8%) OHEMEMN S KEMSFEES h T
bo WEIEHETO MMAKE OF Y3 341 55 b 148
A (43.4%) 12 A 6N, TR & TOREE DK
TLODIREREEZ SNt UL, WIS
%, BRI CHBRRIC X 5 pki, R
BRI AMBERER L) SN HEROE R
330 BHH 6 BH(1.8%)ITIE F LT3, Z opigid
KE DR DRERNFHELL FITE N EARL
TED, Lhrd, BELEBIIBOTHH2%O
KALLERKEOBEREBED N &tk 2, &
%, BEO L IICKEBRBEARELRER OM®
EMETHROZADP AT - FASHRSH, &
BD Y I= D fThhTih5b,

RIS ETHE S h 74 EHEC 0157 0%
BEEFED TR U, BRERIGENEIH S0
O, HELIZWThoETOERIISHINTE

®1 FORBRELMEKRIBE 0157 DREE

ESR FoME DB RER (%)
HA Wt/ MEE 0~135
KE A 4 b &Y 28
A B8 23
Adw bI UK SRS =2 ] 7.3~10.0
AT R SRR B 6.0 ~ 25.0
A N 4.7
Frw—7 LA B35 21.4
747K AES B 10.3~385
ATz —F v AR NES 1.2
A=ZAMZUT RS =2 0.3~04
A B 2.5

2

FADEBRBEROIERBEREREY 2D Y L
(2000 4, HHR) THREINIKEEE T LD,

46 (1322)

3

O, SREHOEELRERTH 5 2 ExEM
TWd, UL, 40 EHEC O157 : H7 ® six &
ThBE, R2OEBY sox2c BPRFEAEB 2 57%
BTN D, b N OEFIBRDHF 18% 08 stx2 & 2
Widsixl & s BEEBRTHZ2Z EnST 5 &, 4
EHEC O157 # D¢ ~THk M UTHEEA
BTHLBEOHEHL, SHUERS L EnEL
%%,

—7J5, EHEC O157 (R4 O HEE RN %+ 8 5 4
B&, BRI ~2A7HMBEEL, £0%iER
BEETEHNE, RERFOEFEEE LS X
DRBLUAEBRETH Y, FHYREREED S O FHKYE
ERRDBLEDNS, BEOHERILIZE ST
B FRDHET 5, /2, BESOEF 1 b
T DEEIF 10~ 10'ETH b, PHEOKRY
ICRRES S — XEOHBLETH 5, A
BOBEZRT 7280 o b0 SN 30, Zhiz
IRENT LB 1 BAED S OHY D % U i Al
KAE, IR, BERCOMBRELOSOHEREEZ L
N INEPBESTREFICED SN I i
zoonosis D E M S HIFT & ThH 3,

FUS T I hE T2 EHEC 0157 848 s h 7z
e LT, ¥ OEE K OB, K-, 13,
23, YHh, ATV, TIAT, FX3, J
UHE, ARV L, AT —F 2 N, A
TA, AFav, T, LHELSELRS S, H
NOEES 59 Bih 4 BY (6.8%), K 346
P 480 (1.2%) 55 EHEC O157 84 8 s h T
B, €07 7= VRIIHFDE Mk EIET 2

&2 BELMMEKBE O157 DEBER (six) B

six B b MESEER (%) Ak (%)
stxl 67 (4.6) 5(5.5)
Stx2 56 (43.1) 3(3.3)
stxl, stx2 45 (34.6) 14 (15.4)
stx2¢ 23 (17.7) 52 (57.1)
stxl, stx2c 0 9(9.9)
Six2, stx2¢ 0 8 (8.8)
130 (100) 91 (100)
FE O ORRETE
"HREL
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EDS, BbAROBHENREHEETHS Y, &
7o, KETHHEELLZEDO 2% 05, HETIE
0.3% M5, BRF U TIE 15.7% 0 & KE D HE S
NTEH, FUTHRE DG & U THEAMN
BEEHINTHS,

2. STEC OIF#E

ENOFOHEY Tid, EFOMBEEERD
PCR T 358 g 225 8H(63%) 7% stx BALF %2 A
U, FEEEosratkzse i3 358 86 79 58 (22%) 7
5 STEC Bk F o iz, Bk D O BEid 26 #E LY
IR, £0& R MEEBLTL, &
OIRBASHFN T S FABETHO six BIa TREFRIZ
0%, STEC 55 HEHRIT2~34%ThHo" ",
AEEBEAHEEO 2K T % commensal
(REAER) EZEZ 0N b, THETIEDLSHHE
SN STECO O HMmER F 250 YL Fic b &
ESNR

—7, BRI STEC REEE, BHL X
VT 52%, AL VT 31%, IEEICHE L2
BB D sex I R 2RI 1,361 #k 7 204 #% (15%) T
Hotie TDHE eaeA Bk EHEC (2 0103 :
H2 & Olll tH —D5#k (2.5%) in& &F -7,
FHEDSTEC BFHE L 3 BE TN Th o408
Sh, fEER L OVORERID 51.4%, EEICHIE
U KIBHE D sox BRI 3708k 102 £% (28%)
THo, EHECREHE LML -7, UFE FOD
STEC fREZRIE#EN Y LERICE L, & ICER
MU O SRR B8 S iz,

KO STEC (REHR T BE L~V T 33%, kL
NNVT 4% TH - 7o, 53 BESTEC DHFEFRI D stx2e
HMBE R R B, £ MRz &3
BAEGHREL B, LU, sl BED
O91:H-okHice b, 2 (I5E FEhR Lk
BT AEKEE RniZEni,

EL T, 2, B STEC 341N, ecaea
EEREND N &5, zoonotic risk FIEW
OEBbNSE, UL, HFEPELSLIELE
eaeA EED O5 1 H —, 091:H —, O128:H —,
Ol46 H21 a EMpEEI N B, o &EFR—H
ROEMNE MEFI» S bAaRESNTE DY, IU1F
PEOVY R EEHT A EEF TSN, R3K
B oo S N/ EHEC 2 &% STEC 0 F 73

— 1156 —

BWICBIT2BE RN KBEROES
MR AR Ul 78, B STEC HEICHET A3
Ll BEREBRBZSATHEL,

IV EHEC O157 D9 F&EE

DTEFNBERED S B, /SIVZAT 44—V KA
NV BLZkE (PFGE) I AHBEREFRNETSH
%04 O157 ITBI4 5 & T3, Wk OB o
BEThBY 7Y DO DJE (Simpson's D in-
dex) i3 PFGE #5145 0.987, 7 7 — U TBI(PT &)
7% 0.884, HREZEFBF G 2) 73 0.560 TH b,
B oEMENTLRY, ThERIT, Zu—2
RS S DEFLERENS S 70D, EANOF IR
9l ¥k &L KkE Ok 415 R AERE Lz 2 A, H
AT 1996 B S 7z 3 BRI, SKRET 1994 4
ot shic 6kkE, MO TEBTH B I &
S &1 5 7 O PFGER & PTRI D351 54
TEHWIEMLST B &, ORI O157 8dt@
OB AL, SRUER 72 &) &2 A U TREERM
AHEL, ENOFBHIHLN - o w]BErEE R L
Thb,

—77, FEESIEHARES D SRBEINICIEL
725 W O PRGE 2 GEE 3 23, RO R8
EEBILEMAT BB ERNIZL, EBRNIZGH
BT Lc ', 826, 0157 2L T
BRI FYF Ty — VBOMBA R, 77— VI
£ % DNA OKFZZEREMHES L TS0 &
Bbnan, THEAREIBYHELENTESIC
EERTAHIEEARLTEY, OTEHEEET
FBoOHBICHEELTWE EEL SN B, b,
O157 1 H7, 026 :H11 7% E%#18W T 281 & 08
RS L B b P OREFSBR I NS D, REH
BIZBOTHE, EEERONEEL EbIL, BEB
K O BRGE» & s 7z, BRI O [al—E
AT A ENNEELL D, ZOEA, BN
{LENTHFE OB TR N EIETE T 5 Z
Eat iU TR LEDRD 5,

V EHEC 0157 OHEE S

FORBEENTEY LB Ehs T Y, E
BEBRIE 1T 51 B U 5 D A B 253 { R R
SNT B, Bl B o REEHRT 52
E AR ETH BH, B 12 REEPED 70

(1323) 47
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WEAEELEBLTOWAONEETH S, BIRT
FHEBRET 2 RBEESED LNV AR S H,
HEEEABRETOEM WD 85 TENE
EHTHBEEEDNS,

1. BEHT & 23R S
FOEMPIIHEET L RBEOHPEE R, &
R AERIOEEBEZIT L EBHMoNT 5,
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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 Q157 isolates
possessed eae-yl, and one O145:NM, one O103: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-, 026:H11/H-, OS5:H-, O91:H21/H-, 0103:H2,
O111:H-, O113:H21, O118:H16 and O145:H- are also fre-
quently implicated in disease (Gyles et al., 1998; Fukushima
et al., 2000; Eklund etal, 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 ese 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 arestill 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 17!; Sigma Aldrich, St. Louis, MO, USA) or modified
E. coli broth (Kyokuto Seiyaku Co. Ltd., Tokyo, Japan)
containing novobiocin (20 mg I”'; Wako Pure Chemical
Industries, Osaka, Japan). One loop of this enrichment culture
was further incubated with I ml of trypticase soya broth
(BBL) for 4 h at 37°C; the culture was then boiled for 10 min,
and 5 ul was used for PCR in a total reaction volume of 50 ul.
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 1™ and potassium
tellurite (2.5 mg 1!; 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

231

subculture, and confirmed to be E. coli strains by conventional
biochemical tests and by API 20E (bioMérieux, 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, six 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 stx1, 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
I 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 stx2 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 et al. (1990). For
eae-positive isolates, eae-fI and eae-yl genes were tested
according to Blanco et al. (2004).

Anti-microbial susceptibility testing

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

VTI1 (forward) stxl 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 ATA TA 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-C1 (reverse)

AGA ACG CTG CTC ACT AGATGT C
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