PCR-RFLP j&&FIA L2 —F/ O ARBRSHF IRE - I\OF7RAABED gyA B
BORY Y —Z 2 JEDRET

A B (RRE)

TR 55— D

BF TR - ISSFIRIE. BARERCETIT7. BERE7IT A2 RERPE, FER.
R, Rk, P UAREICEREL., ELLSRTERVIRL TS, KHETSE
RERRIEAD SIREETETE  TIHIETF 7 A DYERIHUA AL/ NS F 7 2 HHIS000 A DFEED T
ST, LT 197058 E TIZ BIEEEIRREDIREZ & » TERHBIOFINFEE
EF TR Uleo ZOEE SITHA Ly 190FERICATHBIHEF 7R - NSF T R%E
BT ERFII00FRSE THFS LT %, ZDIF LA LILBND SOEAZEFIT. iBIIR
THEELLEZEIZLS,

B BT TR - NSFIROEEICE. —a—F/ OV RIFAERINE SBIREL L
TEHN TS, —a—F/ O RIAEFULVEX, SPFX, TFLX) % 14 HREHEHREH—
WREAREF DR - IS5 F I RDBETH D, £IBD BBF 7 ADAEOE—BIREET
BB a—F/ 0 RAERICTME S 2 HERSM AT U, IBRIc=1—F/ OVRR
ERFIDNEN T S L EFID RSO AETHE (REIhTWS, BRZE =2 —F
J O RERIERS A TTF 7 RE - /ISSF 7R AED B S DAL
LTASTETND, ZASIENCCLS DT LA IRA > hhD¥ETEE. Za—F
J O RAESICmETEaL, LML, Z2—F/ O RS TClE=a—+/0
> TIRERZHTE 3 MIC AV 10 (B £ 2 (FFhUES L, £y Za—F/
O ARRGSSIRE £ 04 BRI 8 3 e 7 = LRINERI IS EE R T,
o) OARRSHEICLZEF IR - INSFIRATIH. Za—F/ O RINEH
|7 & AR T TR E T, eI LRV, 1 —F/ O RINEFIDMRDED
U VEBITIFE 3 # £ T T ARIER (CTXCTRX 2 &) AERET NS, =2 —F/
O YRR RS AR TTF 7 RE - /$5F 7R A HlE oA B FIZREERE
ESTINB 2 EDFEBOWVE £ TOME TSR TS, —a—F/ O AKX
SHEIOERSMEOEREIL. GyrA O 83 FF/ld 87 BOT I/ BHSHRERICILDE .
MANTWNBZEThd, F=BlE. GyrA D 83 FXlE 87 BORRREEZ
PCR-RFLP(Restriction fragment length polymorphism)i&IZ&L D X9 ) —Z U B AR
BE5s L /=0 PCRIEIZL D gy SBInFODF / O VTt REEHA ISR U Hinfl TUMTLR
YFH YT I RESKEITYIRINY — A RS B AR CH D COABITED grA
SEEFOF / O MEREEHD DNA BFREEES §2 2 LA CGRRIZEEDAS
TWBEFIEMNZ 2 LN TED, COMFERNTIa—F/ OERSETF 7 RE -
INSF T A B RSB TEEDINY — VU ERAREE 25, SR UETRTOKRTER
BDOASTWBEFFEIEET D LN TEE, &y TH/NY —2DHEIZL>T=a
— ) O ik, —a2—F/ O KRSk, —1—F/ O RSMREDRFIE T
BT ENTER,
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HETMERE : FLERTOSHAMEREOL 77 L AL D FREE

PEWMEE | WERTF ( TEREARZEREZFREER )
WRGHE  ANREF, KEFEL ( TREREETEMN )
BOLatE, RAFHS ( [ M RSRAERR 5T )

FFI7AUYLEXTERERNCREHEENFVRPETHIF . BFEILCHVT
& 1992 EICRE4MN, BERELLICE—NE LSO TR, RERREIRELKRENLD
HEEERLTWD, ChoORRELEBHILERTOMBREIRLTHAH, WEDLH
ZEEOXERBBELCBSVTRICAB LR > TWD DI, Salmonella enterica serovar
Enteritidis (SE)& ThIZXWT 2 ERICE<HMHEND Salmonella enterica serovar
Typhimurium (ST) T & % . 4% < OEBCHEE R SHEIMED ST, FTE definitive
type 104 (DTI04)A" 2B LT VB 2 & TH B, SHIME DT104 OEKOMHERZE T,
Fe 4k L O Salmonella Genomic Island (SG)1 E BN TS M EBHICVTAX—ZRLT
FETHCENS, REOERELS TERIMIIRY DL, AREREROREE
HEICLTWD, #AZBRRICBVTEMERG, RFEICH T DTI4 ZELUHET
% Salmonella ZEIMYEOHBRREZASAICL, & 5 ICHHERELTICSHIT EEE
BEOHPERNHELTITDNS,

FEER, 199FLS 2002 FIFERTTREL LRTERREF R DRSS WL
ST37 MERNRICO FEEZNBITETV., UTOBERZHSAICL I,

( 1)37 % 23 A SHTYE DT104 IZ& 513 Ampicillin (Ap), Streptomycin (Sm),
Sulfonamide (Su), Chlorafnphenicol (Cm), Tetracycline (To)fiftEZ2H L, & 512, Kanamycin,
Trimethoprim, Nalidixic acid (Nx) THEA D 2 £2& DA FEL 2o X, Cm, Sm, Su M
1 #R45 KU Sm, Su THMERA" 2 HREFEL Lo

( 2 )E&EEEF A NBIE iz DT104 strain 96-5227 O t4iEE F(MDR)FEEE, 2 0D
classI € TV O $ 85D 5 Inll-aadA2-qacEAI-sulAl & intll A-psel-qacE Al-sul \Z& V)
BENTEEEATVS, COBEZSEIC L TLE Ap,Sm,Su,Cm,Tc it 23 FRIC DL
T, B-lactamase Typing, PCR Mapping, Southern Hybridization, PFGE, 7 7 —Z B pl%
TWATOCEEASAICL I,

15 Bk 4" PSE1 type, 5 %74 OXAL1 type. 3 ¥4 TEM type M f-lactamase 21— R L TW
7= oPSE1 type > 5 14 ¥4 Intl1-aadA2-qacEAl-sulAl & intl]1 A-psel-qacEAI-sul 28 L,
MDR (& strain 96-5227 E AR OBETH D LEX SN A, PFGEpattem & 5 47 (C
DhNni. CORICEFDTIAUAD T 7SR 2KFELECEN S, SGIL DKF
EERIRETVDEEAZS NI, 1 BRIk intdl A-psel-qacEAI-sul £AED class1 A > FJ 0
VEBLTWEY MDR EE£4AOBEFES>TH), MDR OBEIIFEE TV
EEXSNhE,
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OXAL1 typeld, TN TH intl1-oxal-aadAl DA > T T O2&H L TWEA,PFGE pattern
G4BTI k. ChoO77—JHERNLEECDTNTDTI04 BUADE
OTH2ECENS, O DT HLERXSICSEWTEE 7% MDR 12 & 2 ZHI (LA
HEITLTWAB LN BEE N D,

(3 ) EARBICoEEE iz SE68 HOEFMUERFTL LD, Ted 14k, Nx W
14K, SmTAME4s K THY, BEOFH SE TOSHMMELBEATVEVWLEEZ S
o

Characteristics of the 20 Typhimurium isolates harboring the class 1 integron

"Year Phage type Integron Designation
1998 NotDT104 related  [InilI-oxal-aadAl-qacEAI-sull]  CK653
1999 DT104 - [intl] A-psel-gacEAI-sul] CK2 CK4 CK7 CK8 CK9
and [Intl1-aadA2-qacEAI-sul A] CK10 CK11
Not DT104 related  [intl1 A-psel-qacEAI-sul] CK657

~and unidentified class 1 integron

Not DT104 related  [Intll-oxal-aadAl-qacEAI-sull] . CK3 CK6 CK658

2000 DT104 [intl] A-psel-qacEAI-sul) CK15 CK16 CK17
and [Intl1-aadA2-qacEAI-sulAl]

Not DT104 related  [Intll-oxal-aadAl-qacEAI-sull] CK23

2001 DT104 [intl1 A-psel-qacEAI-sul] CK26 CK28
and [Intl1-aadA2-qacEAI-sul A
DT104B [intl1 A-psel-qacEAI-sul] CK25
| _ and [Intl]-aadA2-gacEAI-sulAl]
U302 [intl1 A-psel-qacEAI-sul) CK30

and [Intl1-aadA2-qacEAI-sul Al]

[intl1 A-psel-qacEAI-sul] and [Intl1-aadA2-qacEAI-sul AT 14/23 isolates
[intl1 A-psel-qacEAI-sul] and unidentified class 1 integron: 1/23 isolates
[Intl1-oxal-aadAl-qacEAI-sull]: 5/23 isolates
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FEEM RTPCR #2FH U RIEEZ AIBEH S R 7 L ORBRN

®igEIE. ONH &, FEEFHE
REREBERE - EM

[B] BGYERRIC BN THEAI N2 HERE. BEHORSZMEZ N L GV ERS
N3 LHEEND, BEFDN T 2 HMIEREOTERRSMNEICED 25 LW A
we LT,

RS L D18 5 N R S PSR 1o <. WEMR & OfSR 28
SNBTATFLBEREO—uE LT, AIFE CIIERSBHRIEER 2 N RICHEREH S X
F LB L UL EBTLICRE 3 2 iEEAE o 53 2 21 RT-PCR IZ L > TmRNA
VAROVTHRE L., ZORREBENERRSZL L 2B T2 2 iC X > ToMis iz iR
Rk OFIEREZ M S mRNA L~V CHEETTRED &3 D 2 T~ T2,

[5E] HmERE e UTERSE PAOL & A THNCHESE U - E KM R B LUk
Bk E W2, FIZ, 2002 456 A 5 2008 4 6 AlC X Ni-REERkO A, MIC {EH
IMP 212.5pug/ml % 1 #k, LVFX 212.5 ug/ml % 4 #. AMK 225 pg/ml % 2 #, LVFX,
AMK R 2R3 28k, B 9#kZ2REINL =, 1 BB OBE AL S Total RNA Z4F
B, HIEEGEHSY VA7 B2 30— T3 mexB mexY B LAWK R LRI ZEFL
30— RT3 oprD OB ZERN RT-PCR BLUOREFKEZRAW:EZA LA 70y MTH
FL. ViEERSHAEORE L LB 2, |

55 B ko] =28tk PAOL & MexAB-OprM, MexXY, OprD Zh 2N ORHAS &
VRIBEREODEERN RT-PCR BLUA L7 70w MIL2HEER L IERRZME 2L
TSR, T2 NI RIF S FEEIE DBIER S Wiz o BRER A BERRIC DWW TR, mexB B LW mexY
DRI EEN RTPCR OfERLA L 70y NOBRE CIFFHEELTHED, m
RNA BN EHERIEB L D OB TRV BHMEEE LTV, 2OZ P56, BRE
T2 T BRI & D ORIEDEET B 2 L ARBI NIzo oprDIZ DWW TIE, mRNA it E
LEHERILERTOMBIMEDSZ LR oz, BiE. E&EH RT-PCR TOMHT
54 2 —EFIDEI D & 5 H BT D 7= DI S AN RS MR D oprD OYFEEFID
B 2T >TW\W 5, BICHiMEEEFOmMRNA OBHE L HIEERSZH R LB UEER, B
HEIEWZO DS T, ZOMMERICER T 2 HEEIHEDRE I WRWERDEE
L7hs, BICBHED PAOL LESE-IZZN L DIET LTV 25Tk, b2 R IH
FEELRDP 2z, O &I, BRSO mRNA 2 SHEXMEICREE 5 2 &R
FORBEBEZAETIZLICL>oT, BRELTWRVWIMMMEEEZHEL., ZhiTB Lk
WERERERINT X MR TR LTV B, |
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Staphylococcus aureus 2313 % penicillin-binding protein D347
O FMHEEZ  (EERIYERTZERT MESE—H)

methicillin-sensitive  Staphylococcus aureus MSSA) . B &£
methicillin-resistant S, aureus (MRSA) D M3 12, S aureus O H D
penicillin-binding protein (PBP) 1 B ETH 5 Z &k, BEFHIFTREICLD T
TIRENTWS (J. Bacteriol. 180:2759-2765, 1998; &5 1 [AIFEAII: BT 5%
24b8% [BEEE 2008D) LA L. PBP 1k, MRSA 23\ Td MSSA 2Bl
BIBE LRI 7Y LARIEZIETH D, PBP 7 A ICTRIREDRZ 7 ¥
LRI DR ZHETEIENTESL, ZOZHDOFER (BEFITRS
7= PBP1 OEM L, PBP 7 v A THEINBPS 7 ¥ LFIREZME) % Bl
T 2712, 8 penicillin 12 &2 PBP 7wt 4, 25 W S aureus WRsE
& E{AEN PBP OBIZEzB ko ko

[5%: & x4) MSSA & LT NCTC8325 Hiskd BB255, MRSA & LT COL
EHbWE, CNAHDEZERE 0.1 mm OV A Z7E—X%3HHBWNTHEBEL,
53 % I8 LU 7= o PBP 7 v 2 A 121 2 il 080 penicillin (Bocillin FL and
Bocillin 650/665, Molecular Probe #1) Z& B\, I 5 & RS BB 22
I Z)VTCHEES. YA ¥+ F—(Typhoon 9400, Amersham Biosciences #1)
TAA—VERD A BNV TFNVOEEBRITO . BROFEICIEK, L&
#% penicillin 2 & B HERL —P—BEME (LSM510 META, Carl Zeiss
) KX BBEEB IRk,

[fE5R & Z 8 BEA 2 IR U 35 U /= A IR AF ) penicillin G 2 & S ¥,
Z DHITHYE penicillin 2GS ¥ 2 HHEE)ZR A" PBP 7 vt 4 Tidk, 100
ug/ml O FAZH penicillin G 12T,99% D PBP 1 35 XU PBP 2 »38¢ penicillin
Y DR % 5o T BS, RBE R O BRI RIZE penicillinG & RES
W, Z0O%, BEREHHR LR LRSS & 88 penicillin & OUSHER A%
PBP 7 vt 4 Tk, #110%D PBP 13 X PBP 2 % & penicillin IZ THRH
TRIENTER, ZORFRIE. BB255 I2BWTH COL IZBWTHRALTH
ok, I LD, BRI penicillin G 2SS ¥ =56, AR, pZ 77 LA
WCRZMEDH B PBP 2N DRIGEAND LVWIETNESZZDILHTE
=0 penicillin VIZ, Zh&DFEBTIFE L L BUKEOEWEMEZRE S
¥ 7= Bocillin 650/665 %, BB255 3 LU COL OEFRICLE ¥l & &, iR
DAL Bocillin 650/665 HRDFRED S VNV ERILTH I LD TEE.ID
37 F VP, LEO penicillin G L DREEENTNWS PBPICHKTEHDT
HDBPED PEREDEDIZIE, % PBP OREKIEERE. proteinA O 2 %
W& D TR REBMNETH S, » ’

151



YRR 15 4R « BESHRIEHARMES R - BREBIYERRESR
MET DOREATEE L 7 7 L v 2 WS TR OFEAT N O R A B 9 S 55,

PRI, B RRGE b & DR % FIV = BB PCR I X % JRER S O o sk Ek O 12
SIS | ALBRFICEEHRIEM, REGRGRERNPRRERE &5 A7

§ B

IR 23 RO AUE DB & 72 D 1B A RIS BN T, SUEICTHE LT U, BRAEGIDE L
DEIWR>2TETND, TOLIRERICE, ARBEIIH U THERERT S 22<
empiric therapy DITHNTNS Z L HWMIE L IEE X RWHIEROMAICEN D, RSN
DUEDDERIZR > TV, MEEOEIEINZ 512X, empiric therapy 75 evidence i
FD 7= 1b P (Bvidence Based  Chemotherapy: EBON L~V 7 W 79 % 2 L HWET, f§
BICIXERBNHICOEIRT 52 E X 2.

ZD7=DITIFBEROVHBRPERE & R D 5 2 LY 2 BRI HB%@@@“%%&@%
SUBBETH D, YEOBEEE LT, 2-25 RETEERRNEEMET & 5 PRI RGYE -
ﬁﬁéﬁﬁ]*ﬁ%ﬂf-/ M1 DYRFLERERNIZ Uz, 2B, AHEORKEERX, ABREBEC
MUTEHDRS L ARSI, ARBHEICH LU UIFERNCHTBERERORES SO TR

HH L PIEREEALTDBEZONELDICTEHILITH Do

STRBBRIRTT

R TRIET 2IRSRIEORAERRON R L Li=DiE, © MRskE, @ 1 7)) =x
VUHE, @ ABAML VY IKE, @ M. preumoniae, ® C. pneumoniae, ® L. pneumophila T
HDo TNHIEA—RHTPCREETTEZ L, BEEZHE—-L RO L, HIFDNA
DEIICEEZDITTNSE I EIBEMTH 5. 22N Dprimer® B Id1-7 CFU /reaction tube
T, ?ﬁ{zﬁ%ﬁj{ﬁ%ﬁ%ﬁ@ﬁ%@l 10° CFUD B H{J%b){:j‘% Lol s PCR&%‘I‘% kﬂﬁﬂﬁé h%@fﬁ"’f b
L7z

§ MR - EIESINR S WIEADIEA

ERU=EHHORITOEOIZ, ThRAMk
IR 28 RE G RET 9T (ARD)IF 58 | CTINEE L
T BB DN THRET 21T 2 T20

JHRERE A 7 )V Y, ABRAIL >~
VHREOGIHERIIEEELD HOPEN, M
preumonige TIXIEEEL D I 20 IEN,
C .pneumoniael"xt U T HMERIZEN TN S & = -
ZZbN=o N TDLegionelladt I 1B DA TH o 7= 8, /':J"J:‘@ﬁ(*ﬁ 3 7= A C I it
P12 255ERR L7z o

§ HR

T TR ORI, FRORREIRA T 5ROV EDICBERNEE
ZATW5e FERODEBHOH b Ak, WIRBBRIEDFEDNIAEGICN U, FiREFERSH
CEHRR E AR E FRREI CHREVEETERTE L L HPLETH 2.
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SYRFFEERRE 1 £ 7 = LRI B B BT OAGEBHTA DHENL

At B AR E
B (DEZEE) |
AT —. hipE— FBEET. ®FH— @FEHIE)

7S LEEME BT 2 7 = AREOME L, 2hT2hOREEORER LICEE
M- EEfI T 3 class C B 8-S 7 v — AmpC DG EEFHRIAE AT T 2EROER
FERICIS>THEG L TVWS I EBEL P ER>T WS, %7 E.cloacae HI3ED AmpC
BO— RT2EEFEY FErn—=VF L, 2hE E.col K12 IR S B,
kMt 7 = ARIED invitro BRI X 0 EERE Z 458 L. 2 hZ2 RNz,
ZORER, BoNEEREIE. FHREZBEV LT app) ERTH b BRI DNA IFE
EF OFER. ampD UJ%J‘B&L}EZ” LW BNzl E.coliK12 miskiz IS D AZ S
BRI NzZ, T, amp) ZRIZHE > T AnpC E@iﬁébn LT\ ze RNT, FEAHFER
OFER DI & ¥ LR app)™ B KO8 anpR*EEYE. ZEERNEG T (anp), ampE )R L
TZh2NEMETH D, BoNEERKE ampl OREFECL>TET7 2 ARFEIIHT S
MIC, AmpC BHIZET L.

Wiz, EREEMHRICI D7 s ARFEHMEOBREFERZRETE %’> Do
Z e BEERAEEE 7 = AR M £ cloacae X DWW TCEBLETAERDRE LER R
BHHBICDOWTEHNE, ZORER, BRIMMEROZ < D, ampl)ﬁﬁkcl:%%z?:nb.-ﬁ% :
B LOER L 2> TNA I 2B LE, L L, —HOMMEREO I, anpk
LREDRHI N,
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HIWWIRRRLTEEOL 77 VR ETRE : ¥ I NVEEFZ—NEEZHDOHEAICL S A
»a--3 o ¥ <—EAMP-1) DR H

L NEFNE U R S 2D BIES, ORIEMHE, IIDER

B-5 7 & LDFNFRESHE BRI BV THEIZAW SN TV AHERFITH D, & JITAEFEAN
7 MNVERTEZL 7 2 ARPHNVARR LRILEERHCHEARMMHIT TN D, L L, Mtk
BHE LR RESERNRROER & &3 ) RERIEZMEL B> T\ 5, ZOFRED 12K
AFOP-F U H—BOEENIBTOND, Zhid. FrLVE-T 7 ¥ MkoFEE2 OO T
BEDR-Z 2 ¥ < —CHEANZIZESITH D, DVAIRRLEEBIFLALETDR-Z 75 LA
BRGS0 PTH IMP-1 ZZORETHEEN TS XX FECHFAT 2L LEREZER
ARIBDEEETH b, TOMARREEMEEIN TN D, 20D, BREOAID-B-Z75
~—CEEDOHREZ IR CHRT 2 2 LIHMEPREICBN O CTERETH L, £I T, H
Y7o —FHEIC L BBEEBEE BIE L. A 0-p-F 0 F 2 —EBOAMP-1)DIEHEH NI TFAE 9 5 BN
MRS T 2 F 4= VE L HAREROY Y ¥ )VEEE T % DansylCnSH(n = 2—6) &2 &
RUE(E 1)e 2 LT IMP-1 & OHEMRAEHEZ<Y FVC X DBETETN, & 512 IMP1 &
DEAKRD X (SRS 21T 07z UTIRAMETHESNEZMREZENT 2,

(1) DansylCnSH (n = 2—6) & 340 nm T2 3 % & 535 nm (LTI L 2o IMP-1 D3EET 2 L

BRI A L. BARREEEMA~S 7 P L ‘HeC\N O |
F RS EMR, h—Ro v 2 7 RS —BHEAE  H oy H
TCRBEREOMAZBNE T IMP-1 TS T g‘N*CHz%TNwé/\/SH
3T EHRRE NI,
(2) DansylCnSH (n = 2—6)D HMEHE I RIS
IMP-1 DEE ORISR 5, HYEA & IMP-1 11X 1 3 1 THRHEE L.
1=4 DL FIHRHMIIEET o ‘
(3) DansylCnSH (n = 2—6) |3 IMP-1 OFEE K ARG % 3551
BHZE L. ZOHZEM K IE. EHHEZNRT PIVICK DR 7= fiEgE
BB K SIFF—B L,
(¢) MMP-1 OFEMEHLICIE 2 BOESR 1) PEELTBD,
DansylCnSH (n = 2—6) OF A —)VENZ O (D) IZHET
BT LDTIMP-I I DT EN. ¥V 3)VED IMP-1 D
BUKIERSEIC BN 2728, IMP-1 7L T CHDESRE LAY Fig. 2. Xray crystal structure
PR ona’glse; f&n;%ex of IMP-1 with
() HmHMWL IMP-1 IZFEAT 5 DansylC4SH & IMP-1 & DA
HRD X s A AT 217 o /= (IX 2 )o DansylC4SH D F 4 —)VEEIE IMP-1 JEMEHLD 2 fHOHEER
MIZEB/LT, Fo U NVERIER A TIRICERLEZONTVWE 7 2y THNDO M) 7k
7 7 VB L BOKIRM IR 2 LTV B2 LD Aoz,

PLEDZ & & D, DansylCuSH(m = 2—6)iZ A ¥ 0-8-F & ¥ v —LAMP-1) L FHRINICHEE LS
3O BRIBAL OMEERIC X D BEIREMIERT 5 2 EBRRE Nz,

Fig. 1. Structure of DansylCnSH (n = 2 —6)
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R BERIRE 53 2 BEIMEO S FHER 5> CIZEETHAICET 26738

ﬁ#ﬁ?\M%M%\A*Eﬂ\ﬁMEﬁi(lJ@%Eﬁn% ﬁ@%_n)

(2] 5. BRSEBINZIMEICH S 2 EFMEOERIRRIL, B TE RN

SHBIREOBEENER L L >TWS, ZTNETIMRSA R VRE R ED U5 LIGMEE

THRITLTWESHITEDERD, RE. RBEEQREDT S LBEETLREITE

ATBD, BILNARI LR ZIILAOF/ OVtEEES U REEXEEZ2 0% %

BZ2RRIZHD.SBHIZCEERT I/ VIS RADTIEEESBIZEL TS,

[5i%] EROEREE TEHERS B MRS RBREREICDOVWT. Zhsl2slT

ZEHTHEO D FHIBERIT T 2 L L6 12. ZNICAE T 2 &EFOEGI, 512,

RERREEZRAE - WL,

[(#ER] ELHEAREUATICSRT,

1. BEARMIZERRIFEFLTOT I/ FU IS REHEEFETI2<HLLS
FHAEEL LT, 165 rRNA A F 5 — B FARIEECESF 7LD ER,

2. BERTHABSNELRIEL-20 % LEMERIZDONT, A50--50 5% —
Y OBGEFEODBRTEHAEL 2,

3. BT FPNAUEDETZEER AmpC. H L U GES-4 L @4 b?“%ﬁbb\'ﬁ—)z
AB-Z 049X —-—E&aHFHRE L,

4., ERABEEFL DB EIN LT 45 F S LAMEEICDWTETZITLN.
CTX-M-2BYB-5 0 57— t@?’ib\%@ﬁlf%%%%ﬁﬁu L7z,

5. AC(6° )-Tad &R LEEFIERAT I/ JUIS RTEFILERE
Acinetobacter KD &ER L7z,

[£8] HAEOBRKRBIZHEWTIE. B ULEK S IZHESRLERHEESTT

ERELEDHAICES UABREHENEEME LD ARSI TWS, EROBE

EHHEESINBHRT. ZREDOMEROEEESRICEE. BENGERITADH

T, WEEOHEIEFERR S I BRAKANEN—EEEIhIBEN DS, £,

HEOREEEOFT. ThoE20BHRH LT E 8D REEFTHSIENZ

BLemoTW3,
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VanD B a3 Uit Enterococcus rafiinosus

SEPEEE - M RRE

MEWHHE © BHEE AR NBERZ N FEARETE L AT, SR8
BRI - I - AR eI 1 1R SN R R BERR °, v A SRR - M
WAL, EISTRRYERT ST - M o !

HAEETOHEZS 6 fifH (A, B, C. D\ E, F, G) D/ awA VUit TR D
NTNB, EOILIER LRI 22 DI E v a<w AUV itEE 7R $ A B, D BTH
Do AlH, HRENTHEHRELDERE D72\ VanD B VRE 23909 T B A THBES =728
FRMTZAT o7,

ASEESNI-BRIZR E DR R E raffinosus ThoTz, MIC BIEDOKE R VCM
(1024 g g/m) . TEIC256ug/m) .  CM2048pg/m) . KM(2048 ug/ml) «
SM(1024 » g/ml), EM(2048 12 g/ml), TC(256 1 g/ml), ABPC(32 1 g/ml) THo7z, CP I
ISR T o T,

NyawAL MEORREITH 72T vanA. vanB, vanC, vanDlI, vanE (ZHs B2
TS5 A< —% ANz PCR 2T =N Tho Tz, T TRGE D ddIA. ddiB & VRE D
vanA B ligase ORI CRESNTNET I/ BEADLRISNETIAv— R AT
PCR %#1To7-&7 5, Bz DNA Wi i 2§52 808 T&z, PCRIZHWZZ T4
v —CHEEL — 7T AZ LTrb 2 A vanD4 L EVWVFRIPEDSHERR STz, VanD4 B VRE
1B IBY, ZORERIIESE BRI 754~ —% VT POR o3 —2
VABATNIG — P EEF O OE IR Z P E LTz, TORER, 1032 Hikh 2 HE
(362 ZFED G AN TIZ, 930 FHD C 3 T)NEILL TV, a—RENDTI/BRIT 121
& H D Gly $ Val IZBEL LIz DA T, 2 5/ B 0L RICE - TT VBB b Ui o7, Z
DFERNE, 2D E. raffinosus H VanD4 B VRE ThHHEIDH>07Z,

BEAGEEREIT oIS aw AV U TEIMREL R o T, £, 7TRIRDL
BRI N BV T T AR DIFAERER TEID T, ZOZEMBAvaAv ALY
TSR PRI AR RICFEEL TR ERE 2 b, Nrav A VU TRERERO
BTN aw AV AL THEINAFENANBNTWAHDT Northern Hybridization
21T\ VanD BEFOEEERTH~/-L2 5, 20 VanD4 BIETEHIT NV av AV VIR
FETTHIBALTRY, EFMOICEEL QLI ERDP-oT,
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Escherichia coli Producing CTX-M-2
B-Lactamase in Cattle, Japan

Yutaka Shiraki,* Nachiro _Shibata,'r Yohei Doi,T and Yoshichika Arakawat

From November 2000 to June 2001, Escherichia coli
strains producing CTX-M-2 B-lactamase were isolated from
6 (1.5%) of 396 cattie fecal samples and 2 (0.7%) of 270
surface swabs of cattle carcasses in Japan. The blagrxme
gene responsible for CTX-M-2 production was encoded on
transferable plasmids, and the gene was transferred to £.
coli CSH2 with a very high frequency (2 x 10 to 6 x 10-1
per donor cells) by conjugation. Random amplified poly-
morphic DNA analysis of nine isolates showed at least five
different patterns. These findings suggest that CTX-M-2
producers might have originated from cattle through the
use of cephalosporins such as ceftiofur and that caille
could be a reservoir of CTX-M-2-producing £. coli.
Continuous and strategic surveillance of antimicrobial-
resistant bacteria in livestock is essential to suppress fur-
ther dissemination of these bacteria into society at large.

hortly after a variety of expanded-spectrum

cephalosporins were introduced in the 1980s, bacterial
strains producing extended-spectrum  P-lactamases
(ESBLs), such as TEM- or SHV-derived ESBLs, emerged
in Europe (1), and since then, their variants have been pro-
liferating around the world (2,3). More recently, CTX-M-
type B-lactamases, a small but growing family of broad-
spectrum class A B-lactamases, were initially discovered as
MEN-1 (EMBL accession no, X92506) and also later
found as Toho-1 in Japan in 1993 (4). Since the early
1990s, these B-lactamases have been identified in various
bacterial  species belonging to the family
Enterobacteriacene (5). Several questions regarding the
origin and mode of proliferation of the CTX-M-type pB-lac-
tamases are unclear. Unlike TEM- and SHV-derived ESBL
producers, the CTX-M-type B-lactamase producers have
been incidentally and sporadically detected as single clini-
cal isolates from patients with urinary tract infections and
the like (6,7) over an extensive geographic area, including
Europe, South America, and the Middle and Far East. The
cause of this global distribution is not well known (5,8).

*Gifu Prefectural Office of Meat Inspection, Gifu, Japan; and
TNational Institute of Infectious Diseases, Tokyo, Japan
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Moreover, derivation of the CTX-M-type enzymes or the
prototype of this enzyme with its narrow spectrum remains
unknown (9-12).

In Japan, clinical isolation of the TEM- or SHV-derived
ESBL producers is still rare (13,14); Escherichia coli
strains producing CTX-M-2 B-lactamase, one of the CTX-
M family, have been predominantly isolated to date (13).
On the other hand, clinical isolates producing IMP-1 type
metallo-B-lactamase, which show resistance to carbapen-
éms and cephamycins as well as various expanded-spec-
trum cephalosporins, have been identified in Japan (15),
and the proliferation of these strains has become a clinical
concern (16). As for the disproportionately low isolation
rate of the TEM- or SHV-derived ESBL producers in
Tapan, carbapenerns and cephamycins, whose use has been
restricted in many Western countries, have been preferen-
tially used as first-line drugs in Japan (13,15). This prac-
tice makes it more plausible that TEM- or SHV-derived
ESBL preducers would be rarely isolated and that metallo-
B-lactamases would be isolated often in Japan. However, it
is not casy to explain the predominant isolation of £. coli-
producing CTX-M-2 B-lactamase that is usually suscepti-
ble to carbapenems and cephamycins like TEM- or SHV-
derived ESBL producers. In addition, since CTX-M-2 B-
lactamase producers tend to be isolated from patients who
have neither received antimicrobial drugs nor been hospi-
talized, the existence of healthy cartiers of CTX-M-2 pro-
ducers was suspected (17,18). Still, one cannot assume
healthy carriers exist on the basis of the low isolation rate
of strains producing broad-spectrum class. A B-lactamases
in Japan.

One hypothesis to address these issues is that CTX-M-
2 might have emerged elsewhere than in humans and that
the enzyme might have originated in livestock. Recently, a
global threat developed because certain antimicrobial-
resistant bacteria, such as vancomycin-resistant enterococ-
ci (19), Salmonella enferica Typhimurium DT104 (20) and
fluoroquinolone-resistant  Campviobacter jejuni and C.
coli (21) emerged in food animals possibly through the use
of antimicrobial drugs for growth promotion or disease
treatment. However, few reports have been published
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about strains in animals producing ESBLs or CMY-type
cephamycinases, which confer resistance to expanded-
spectrum cephalosporins (22,23), and no CTX-M-type B-
lactamase producer has been isolated from animals,
Therefore, to examine this hypothesis, we conducted a
study to isolate any strains producing extended-spectrum
class A B-lactamases from cattle at Japanese slaughter-
houses. -

Materials and Methods

Sampling and Bacterial Culture _

From November 2000 to June 2001, a total of 396 fecal
samples of cattle and surface swabs of 270 cattle carcass-
es were collected at two slaughterhouses in Gifu
Prefecture, Japan. ESBL screening agar plates (17), which

- were prepared using BTB Lactose agar (Nissui

Pharmaceutical Co., Tokyo, Ltd., Japan) containing 2
pg/mL of cefotaxime (Chugai Pharmaceutical Co., Lid,,
Tokyo, Japan) and 8 pg/mL of vancomyein (Shionogi &
Co., Ltd., Osaka, Japan), were used to isolate gram-nega-
tive enterobacteria that produce broad-spectrum class A B-
lactamases. One swab was used to sample each cattle
feces, and two swabs were used for each cattle carcass, For
sampling of the cattle feces, a swab was inserted into the
core of a lump of feces. When several cattle were kept in
the same enclosure, a direct rectal swab was sampled from
each of the cattle; Shoulder and rump were swabbed sepa-
rately in each cattle carcass; the size of the swabbed arca
was approximately 20 x 20-square centimeters for cach
swab. Swabs of feces were plated directly on the screening
agar, Swabs of carcasses were suspended in a 10-mL

Teypticase soy broth (Nissui Pharmaceutical Co.) countain-

ing 2 pg/mL of cefotaxime and 8 pg/mL of vancomycin,
and then plated on the screening agar. The temaining
Trypticase soy broth with bacteria was further incubated
overnight. A swab of bacterial culture was then plated on
the screening agar. Colonies suspected to be enterobacteria
wete isolated and identified by using the API 20E system
(bioMérieux, Marcy I’Etoile, France). E. coli isolates were
serotyped with a slide agglutination kit (Denka Seiken Co.,
Ltd., Tokyo, Japan) and were screened for genes of viru-
lence factors, including Shiga toxins and E. coli attaching
and effacing factor by polymerase chain reaction (PCR)
24).

Detection of B-Lactamases

The acidmetric P-lactamase test was performed. by
using P/Case TEST (Showa Yakuhin Kako Co., Ltd,,
Tokyo, Japan) to detect P-lactamase production in the iso-
lates, According to the manufacturer’s instructions, the
colonies were spread on two indicator disks, containing
benzylpenicillin and cephaloridine with clavulanic acid,
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respectively, When the strain produces class A B-lacta-
mases, including TEM- or SHV-derived ESBLs, or CTX-
M-type enzymes, the color of a disk containing ben-
zylpenicillin turns yellow. The other disk, containing
cephaloridine with clavulanic acid, remains purple because
hydrolysis of cephaloridine by the class A B-lactamases is
blocked in the presence of clavulanic acid. If the strain
produces class C or clags B B-lactamases, both disks turn
yellow because these enzymes are no longer blocked by
clavulanic acid. The isolates suggested to produce extend-
ed-specirum class A B-lactamase were further investigated
to determine whether they preduced ESBLs by the double-
disk diffusion test (25), using two Kirby-Bauer disks
(Eiken Chemical Co., Ltd., Tokyo, Japan). A swab of bac-
terial culture (approximately 106 CFU/mL) to be tested
was spread on a Mueller-Hinton agar plate (Eiken
Chemical Co.), and one disk containing cefotaxime, cef-
tazidime, cefiriaxone, cefpodoxime, aztreonam, or.
cefepime was put on the plate. The other disk, containing
amoxicillintclavulanic acid, was also placed alongside the
first disk (center-to-center distance of approximately 3
cm), and the agar plate was then incubated for 18 hours.
When an expansion of the inhibitory zone between the two
disks was observed, the isolates were speculated to pro-
duce ESBL., -

Conjugation and Plasmid Profiles

Conjugation experiments were performed by using E.
coli CSH2 as a recipient, as previously described (17). A
mixture of donor and recipient strains was incubated-in
Luria-Bertani broth (Difco Laboratories, Detroit, MI) at
37°C for 18 hours. Transconjugants were selected by using
BTB Lactose agar plates supplemenied with 100 pg/mL of
rifampicin (Daiichi Pharmaceutical Co., Ltd., Tokyo,
Japan) and 2 plg/mL of cefotaxime to inhibit the growth of
the donor strain and the recipient strain, respectively.
Frequency of transfer was calculated by dividing the num-
ber of transconjugants by the number of donors. Plasmid
DNA was prepared from the isolates and their transconju-
gants by using Quantum Prep Plasmid Miniprep Kit (Bio-
Rad Laboratories, Richmond, CA), according to the man-
ufacturer’s instructions. After agarose gel electrophoresis,
the sizes of the plasmids were determined by comparing
their migration distances with those of plasmids of known
sizes.

Susceptibility Testing

MICs were determined by overnight broth-microdilu-
tion method using MicroScan ESBL Confirmation Panel
(Dade Behring, Sacramento, CA). This panel was designed
to detect ESBL producers in accordance with the National
Committee for Clinical Laboratory Standards (NCCLS)
document M100-89 (26). The MIC of ceftiofur (Pharmacia
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Co., Kalamazoo, MI), an expanded-spectrum
cephalosporin often used in veterinary medicine, was also
determined by the broth-microdilution method in accor-
dance with NCCLS document M7-A4 (27). E. coli ATCC
25922 and Pseudomonas aeruginosa ATCC 27853 were
used as quality-control strains.

~ PCR and DNA Sequencing -

To determine the genotype of strains producing broad-
spectrum class A B-lactamases, PCR was performed by
using primers specific to TEM, SHV (13), CTX-M-1
(MEN-1) (28), CTX-M-2 (29), and CTX-M-9 (8) genes.
The PCR products were sequenced by using a BigDye
Terminator Cycle Sequencing Ready Reaction kit
(Applied Biosystems, Foster City, CA) with the same
primers for PCR. The DNA sequences were analyzed in an
ABT PRISM 377 XL Sequencer Ana]yzu (Applied
Biosystems).

RAPD Analysis

Random amplified polymorphic DNA (RAPD) analvsw
was performed by using Ready-To-Go RAPD analysis
beads (Amersham Pharmacia Biotech, Piscataway, NI),
accorcling to the manufacturer’s instructions. DNA was

prepared from the isolates using InstaGene DNA

Purification Matrix (Bio-Rad Laboratories), also according
to the manufacturer’s instructions. The reaction mixture
contained 25 pmol of one of six RAPD analysis primers
(Amersham Pharmacia Biotech) and 10 pL of DNA prepa-
ration in a final volume of 25 pL.. Amplification was per-
formed with initial denaturation at 95°C for 5 minutes, fol-
lowed by 45 cycles of 1 minute at 95°C, 1 minute at 36°C,
and 2 minutes at 72°C. The amplified products wete sepa-
rated by electrophoresis in 1.5% agarose gel. The finger-
prints were compared visually, and patterns were consid-
ered different when they differed by at least one amplifica-
tion band.

Results

identification of f-Lactamases

Of 396 fecal samples of cattle, 104 (26.3%) samples
gave colonies on the ESBL screening agar. Among the
strains grown on the screening agar, 32 strains of E. coli
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and 2 strains of Citrobacter koseri were positive through
the P/Case TEST for production of penicillinase,
cephalosporinase, or both (Table 1). The double-disk diffu-
sion test was performed on 28 strains that were speculated
to produce penicillinase; 7 straing isolated from 6 (1.5%)
of 396 fecal samples were positive. However, two strains,
GS553 and GS554, which produced cephalosporinase and
penicillinase, showed a clear expansion of the inhibitory
zone only when a disk of cefepime, a better detection agent
for ESBLs in the presence of an AmpC B-lactamase (30),
was used. By a PCR analysis with a set of PCR primers
specific for blactxma, a 900-bp fragment was amplified
from the seven strains thal were positive in the double-disk
diffusion test (Table 1). However, since CTX-M-2 and
Toho-1 have only one amino acid substitution, genes for
Blacrxamz and blary,. were indistinguishable by the PCR.

DNA sequencing of the PCR products subsequently

showed that all were 100% identical with the blacrx.ma
reported (31). Similarly, two strains isolated from 2 (0.7%)
of 270 surface swab samples of cattle carcasses were pos-
itive in the double-disk diﬁusion test and possessed blagrx.
M-2 ( Table 1)

Although all 9 isolates producing CTX-M-2 B-lacta-
mase were E. coli, their serotype of O antigen could not be
defined with 43 commercially available antisera that were
representative serotypes of pathogenic F. coli. Moreover,
genes of virulence factors described previously were not
detected from the strains by PCR.

‘Antimicrobial Susceptibility Testing

The susceptibilities of two representative isolates,
(38528 and (38554, and their transconjugants are shown in
Table 2. All the isolates were resistant to piperacillin, cefo-
taxime, ceftriaxone, cefpodoxime, cefepime, and azireon-
am, and more resistant to cefotaxime than to ceftazidime,
Fixcept for strains GS553 and GS534, the P-lactamase
inhibitor clavulanic acid (fixed concentration of 4 pg/mL)
reduced MICs of cefotaxime and ceftazidime by >210- and
»24-fold, respectively. These susceptibility profiles of the
isolates were similar to those observed for strains that pro-
duced CTX-M-2 B-lactamase (31). Both GS553 and
(8554 strains, which produced cephalosporinase as well
as penicillinase, were resistant to cefotetan, cefimetazole,
and cefoxitin as well as piperacitlin, cefotaxime, cefiriax- -

Table 1. Number of p-lactamase producers isolated from cattie”

Acidmetric B-factamase test

Sample (no.) Species Total PC PC and CS CS PCR typing
Feces (396} Escherichia coli 32 7 19 6 T(CTX-M-2)
Citrobacter koseri 2 2 0 0 0
Swab® (270) E. coli 5 2 2 1 2 (CTX-M-2)
C. freundii 1 0 1 0 0
“PC, penicillinase; CS, cephalosparinase; PCR, polymerase chain reaction.
"Swab, surface swab of cattle carcass.
Emerging Infectious Diseases » www.cdc.gov/eid « Vol. 10, No. 1, January 2004 71
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Table 2. MICs of B-lactams for Escherichia coli strains isolated from cattle, transconjuganis, and recipients

MIC (ug/mL) for E. coli strain:

Antimicrobial drug G8528 CSH?2 GS528 GS554 CSH2 (38554

Piperaciltin »64 >64 >G4 >64 <16
Cefotaxime >128 >128 >128 >128 <0.5
Cefotaxime + CLA® <0.12 <0.12 32 32 <0.12
Ceftazidime 2 4 32 32 <0.5
Ceftazidime + CLA <0.12 <0.12 16 32 <0.12
Azitreonam >64 64 . >64 64 <0.5
Ceftriaxone >64 >64 >64 >64 <0.3
Cefpodoxime >64 >64 >64 >64 0.5
Cefepime >32 >32 >32 >32 <1
Cefotetan <0.5 <0.5 »32 >32 <0.5
Cefmetazole 1 1 >16 >16 1
Cefoxitin <2 <2 >32 >32 <2
Meropenem <0.5 <0.5 8 4 <0.5
Cefiiofur >1,024 1,024 >1,024 >1,024 <0.25

*E. coli CSH2 trGS528 and wG8554 were trunsconjugants of E. coli GS528 and GS354, respectively.

YCLA, clavulanic acid at a fixed concentration of 4 Hg/mL.

one, cefpodoxime, cefepime, and aztreonam. In addition,
clavulanic’ acid hardly reduced the resistance levels of
these two strains to cefotaxime and ceftazidime. These
results, together with those obtained through the double-
disk diffusion test, suggested that both GS553 and GS8554
strains produced putative AmpC [}-lactamase at high levels
as well as the CTX-M-2 B-lactamase. All the isolates pro-
ducing CTX-M-2 B-lactamase were highly resistant to cef-
tiofur (MIC >1,024 pug/mL). '

Plasmid and RAPD Analysis

Conjugation experiments indicated that all the isolates
were able to transfer their cefotaxime resistance to the
recipient and that the resistance to cephamycins observed in
both strains G8553 and GS554 was also transferred to the
transconjugant. All transconjugants produced the same B-
lactamase(s) of their donor sirains, and susceptibility pro-
files of the transconjugants were also similar to those of
donor strains (Table 2). These results demonstrated that
blacryaa genes of the isolates might be encoded on trans-
ferable plasmids, The frequency of transfer was very high

(2 x 104 to 6 x 10! per donor cells) (Table 3). Plasmid pro-

. files of the isolates showed one to three large plasmids with
five different patterns in each strain, while an approximate-
ly 33-MDa plasmid was common among all the strains.
Approximately 33-MDa and 50-MDa plasmids were both
transfetred to recipient cells in all the strains (Table 3).
RAPD analysis of a total of nine isolates gave at least five
different patterns (Figure, Table 3). Although strains GS553.
and GS8554 were isolated from the same fecal sample, they
differed in RAPD pattern and plasmid profile.

Discussion

We investigated the cause of the disproportionate emer- -
gence of CTX-M-2 B-lactamase and so-called ESBLs,
wcluding TEM- or SHV-derived enzymes, in Japan. We
isolated E. coli strains producing CTX-M-2 B-lactamase
from 6 (1.5%) of 396 fecal samples from cattle and 2
(0.7%) of 270 surface swabs of cattle carcasses. Negative
results, however, do not necessarily mean the organisms
are absent on' the slaughterhouse carcasses because of the
limited size of the overall swabbed surface area.

Table 3. Characteristics of CTX-M-2 fi-lactamase-producing Escherichia colf isolated from cattle®

Transferred Frequency
Strain Source B-lactamase® Plasmid profile (MDa) plasmid (MDa) of transfer RAPD pattem
G8528 Feces 1 PC 33, 50, 86 33,50 6x10* A
GS542 Feces 2 PC 33,30, 86 33,50 2 x10* A
GS547 Feces 3 PC 33,50, 86 33,50 3x10* A
(8553 Feces 4 PC and CS 33,50, 61 33,50 3x107 B
GS554 Feces 4 PC and CS 33,50 33,50 2x 107 C
G8721 Feces 5 rC 33 33 9%107 D
GS733 Feces 6 PC 33 33 2% 10" ‘D
GS631 Swab® 1 pPC 33,86 33 5x 10" E
GS671 Swab 2 PC 33,86 33 6x10" E

*PC, penicillinase; CS, cephalosporinase; RAPD, random amplified polymorphic DNA.

YB-lactamases were detected by acidmetric B-lactamase test.
“Swab, surface swab of eattle carcass,
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Figure. Random amplified polymorphic DNA (RAPD) patterns of
CTX-M-2 B-Iactamase—producing Escherichia coli isolated from
cattle. Lanes M, 100-bp DNA ladder; lanes 18, strains G8528,
(8542, GS547, (GS553, GS554, G5721, GS733, GS631, and
GS671, respactively. Five RAPD patterns, A ta E, were produced
with RAPD analysis primer 4 {(Amersham Pharmacia Biotech,
Piscataway, NdJ). ’ ' '
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Our findings raised a complex question; Did CTX-M-2
B-lactamase producers initially emerge in cattle or .
humans? We assume they emerged from cattle. Indeed, we
found no direct evidence of transmission of E. coli strains
producing CTX-M-2 B-lactamase from cattle to humans,
but out results strongly suggested that transmission of the
CTX-M-2-producing microorganism might have occurred
between catile and humans, This speculation is supported
by the fact that CTX-M-2 B-lactamase-producers isolated
from humans in Japan are identified predominantly as k.
coli, as was observed in Japanese cattle. According to the
survey of ESBLs in human clinical isolates in Japan, Toho-
1-type B-lactamase was the most prevalent, and half of the
Toho-1-type B-lactamase producers ‘were E. coli (13).

~ Moreover, the Toho-1-type B-lactamases reported in sever-

-al studies in Japan were later found to be CTX-M-2 by

PCR and sequencing analyses. Furthermore, according to

the survey of ESBL producers in human stool specimens

reported recently in Japan, Toho-1-type B-lactamase-pro-

ducing enterobacteria were isolated from 2 (0.5%) of 366

specimens (17). Since the survey samples were from 231

inpatients and 135 outpatients with diarrhea, the rate of
CTX-M-2 producers in healthy humans in Japan is esti-

mated to be <0.5%. Indeed, by chi-square analysis, the iso-

lation rate (1.5%) of CTX-M-2 producers in catile feces

obtained in our study showed no statistically significant

difference from that of ESBL producers in human cases

reported previously in Japan (17). However, we speculate

that CTX-M-2 producers found in cattle have something to -
do with those from humans. Many reports substantiate that

bacteria can be transmitted from food-producing animals

to humans through the food chain, and we found that the
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surface of cattle carcasses was stained with the CTX-M-

2-producing bacteria. Our speculation is also supported by

the fact that TEM- or SHV-derived ESBLs have not been

detected from livestock so far even in Western countries,

where they have been widely detected with a high frequen-

¢y in various medical institutions. In other words, if trans-

mission of ESBL producers from human to cattle can

occur with some frequency, several TEM- or SHV-derived

ESBL producers would be isolated also from cattle:

However, no such finding bas been reported even in’
Western countries, Thus, prospective investigations should

be conducted to understand the current status of E. coli
strains that produce CTX-M-enzymes in livestock, espe-

cially in those countries where CTX-M-enzymes have

been found in humans,

Recently, SHV-12 B-lactamase-producing E. coli was
isolated from a dog with recurrent urinary tract infections
(22). The origin of the isolate, however, was not known
j the treatment - with  expanded-spectrum
cephalosporins was not been recorded. In livestock,
although penicillinases such as TEM-1 and TEM-2 have
been identified from cattle (23,32-34), pigs (35), and poul-
try (36), isolation of ESBL producers has not been report-
ed. On the other hand, cefiriaxone-resistant Salmonelln

_ isolates, which produce plasmid-mediated AmpC-typs B-

lactamase such as CMY-2, are proliferating globally (37).
Ceftriaxone-resistant Salmonella and E. coli strains have
been also isolated from cattle recently in the United States
(23,32,33,35). These findings suggest that caitle can serve
as an incubator or reservoir of these antimicrobial drug-
resistant bacteria. The authors of the U.S. studies suggest-
ed that the emergence - of the AmpC-mediated
cephalosporin resistance may have been a consequence of
the use of ceftiofur, the only cephalosporin approved for
systemic use in food animals in the United States
(23,32,35). Dunne et al. support this bypothesis, indicating
that the use of ceftiofur in cattle may have contributed to
the emergence of the cefiriaxone-resistant Salmonella
because the isolate shows cross-resistance between ceftio-
fur and cefiriaxone (33). In our study, all the isolates pro-
ducing CTX-M-2 B-lactamase were also highly resistant to
ceftiofur. What antimicrobial agents had been used at
Japanese cattle farms where the CTX-M-2 producers were
isolated is not well known, since the samples were collect-
ed at slaughterhouses. However, ceftiofur was the only
expanded-spectrum cephalosporin approved for livestock
in Japan when our study was conducted. In addition, the
MIC (>1,024 pug/mlL) of ceftiofur for CTX-M-2 producers
isolated in this study was relatively higher than those (2 to
>32 pg/mk) for TEM- or SHV-derived ESBL. producers
(38) that have been emerging in so many humans. Thus,
the emergence of CTX-M-2 B-lactamase-producing E.
coli in Japan might also be a consequence of the use of cef-
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tiofur for livestock. However, why CMY-2 type class C B-
lactamase is predominantly found in livestock in the
United States is not clear. The types of antimicrobial
agents and their use for livestock in that country may have
contributed o its high prevalence of CMY-2 producers,
although no statistical data are available about the differ-
ences in usage of antimicrobial agents between the United
States and Japan, Continuous and prospective investiga-
tions of veterinary usage of the antimicrobial agents as
well as surveillance of antimicrobial-resistance seem nec-
essary for preventing the emergence and further prolifera-
tion of antimicrobial-resistant bacteria in livestock.

The CTX-M-2 producers were not considered to reflect
a clonal expansion of an E. coli strain carrying blacrya.a
because five distinct RAPD patterns and plasmid profiles
were identified in the nine isolates. These findings suggest
that stealthy plasmid-mediated dissemination of blacrxa-2
gene among E. coli strains might be under way with the
continuous consumption of the third-generation
cephalosporin for veterinary use. Conjugal transfer of R-
plasmid might occur in the intestinal tract, which is the
main habitat of ESBL producers (17,39). Both strains
(8553 and (GS554 were isolated from the same fecal sam-
ple and produced the same B-lactamase, but they were dif-
ferent in terms of RAPD analysis and plasmid profile,
Frequencies of transfer of the isolates were high (Table 3).
These results suggested that conjugal transfer of the R-
plasmids also occurred in the intestinal tract of cattle,
Therefore, the possibility of further transfer of the resist-
ance profile of E.  coli- to expanded-spectrum
cephalosporins to other pathogenic bacteria such as
Salmonella spp. and diarrheagenic E. coli should not be
ignored. :

The isolates in this study did not correspond to the
serotypes of pathogenic E. coli, and they did not possess
the virulence factors assayed. However, lack of virulence

factors might contribute to subclinical increase of healthy -

carriers of these straing and might promote their dissemi-
nation among both cattle and humas, Especially in live-
stock, environmental contamination and transmission
among individual animals by these strains could expand
rapidly because of their breeding systen, Therefore, CTX-
M-2 producers may well be disseminated even further in
cattle farms hereafter. Although nosocomial bacteria that
produce exiended-spectrum class A B-lactamases have
thus far been considered to emerge only among in humans,
our study suggested that CTX-M-2 producers could poten-
tially emerge in livestock and that cattle might be an orig-
inal reservoir of CTX-M-2 producers. Therefore, active
and continuous surveillance and strategic countermeasures
arc necessary for antimicrobial-resistant bacteria, includ-
ing those strains producing such B-lactamases as CTX-M-
type, CMY-type (37,40) and metalloenzymes (16) in live-
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stock, especially in countries where these producers have
emerged in human populations.
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Nineteen multidrug-resistant Proteus mirabilis strains were isolated from 19 patients suffering from infec-
tions probably caused by P. mirabilis. These strains were recovered from urine or other urogenital specimens
of 16 inpatients and three ontpatients with a hospitalization history in a urology ward of Funabashi Medical
Center, from July 2001 to August 2002, These strains demonstrated resistance to cefotaxime, ceftriaxone,
cefpodoxime, and aztreonam, while they were highly susceptible to ceftazidime (MIC, =0.5 pg/ml). The
resistance level of these strains to cefotaxime was decreased by the presence of clavulanic acid. Therefore, the
strains were speculated to produce extended-spectrum class A B-lactamases. These strains were later found to
arry blac,x v, genes by hoth PCR and sequencing analyses. The profiles of Smal-digested genomic DNA of
19 isolates were distinguished into five different clusters by biased sinusoidal field gel electrophoresis. Four of
them, consisting of 18 isolates, were suggested to be a clonal expansion. These fmdmgs suggested that a
nosocomial outbreak of infections by CTX-M-2-producing P. mirabilis had occurred in our medical center.
Most patients suffered from urogenital malignancies with long-term catheterization. Cefazolin, cefoperazone-
sulbactam, and/or levofioxacin were mostly administered to the patients, but these agents seemed ineffective for
eradication of CI'X-M-2 producers. Early recognition and rapid identification of colonizing antimicrobial-
vesistant bacteria, including CTX-M-2-producing P. mirabilis, would be the most effective measures to cope

with further spread of this kind of hazardous microorganism in clinical environments.

The increasing prevalence of plasmid-mediated extended-
spectrum B-lactamases (ESBLs) in members of the family En-
rerobacteriaceae has become a serious clinical problem on a
worldwide scale (8). ESBLs of Ambler’s molecular class A (1)
belonging to Bush’s functional group 2be (10) are capable of
hydrolyzing a wide range of B-lactams, including oxyimino-B-
lactams and monobactam, but usually remain ineffective
against cephamycins such as cefoxitin, cefmetazole, and ce-
fotetan as well as carbapenems. These class A B-lactamases
tend to be blocked by B-lactamase inhibitors such as clavulanic
acid (10). The majority of ESBLs are derivatives of TEM-1,
TEM-2, or SHV-1 enzymes, resulting from a few amino acid
substitutions (10}. In contrast to these TEM- and SHV-derived
ESBLs, CTX-M type B-lactamases, which constitute a new
family of class A enzymes, are exclusively active against cefo-
taxime compared to other oxyimino-cephalosporins, including
ceftazidime (39).

‘More than 30 CTX-M-type B-lactamases have so [ar been
described in various species of Enterobacteriacene but mostly in
Salmonella enterica serovar Typhimurium, Escherichia coli, and
Klebsiella pneumoniae since the initial reports of Toho-1-pro-
ducing E. coli in Japan (18) and CTX-M-1/MEN-1 in 1989 in
Germany and France (2, 3). Strains producing other CTX-M
enzymes have been isolated in separate geographic areas, in-
cluding Europe (9, 15, 16, 35, 40), South America (4, 7, 30),
and the Middle and Far East (4, 18, 23, 41). CTX-M-type
B-lactamases can be classified into four clusters according to

* Corresponding anthor. Mailing address: Medical Microbiology
Laboratory, Funabashi Medical Center, 1-21-1 Kanasugi, Funabashi,
Chiba 273-8588, Japan. Phone: 81-47- 438-3321. Fax: 81-47-438-7323.
E-mail: naganoyn@d3.dion.ne.jp.

their amino acid sequences: CTX-M-1-group, with CTX-M-1
(4), -M-3 (16), -M-10 (27), -M-11 (GenBank accession no.
AY005110), -M-12 (21), -M-15 (20), -M-22 (GenBank acces-
sion no. AY080894), and -M-23 (GenBank accession no.
AF488377); CTX-M-2-group, with CTX-M-2 (4), -M-4 (15),
-M-5 (9), -M-6 (14), -M-7 (14), -M-20 (36), -M-24 (GenBank
accession no. AY143430), and Toho-1 (18); CTX-M-8 group
(7); and CTX-M-9 group, with CTX-M-9 (35), -M-13 (12),
-M-14/18 (29), -M-16 (6), -M-19 (32), -M-21 (36), und Toho-2
23).

In this paper, we report a nosocomial outbreak of infections
caused by CTX-M-2 B-lactamase-producing Profeus mirabilis
in a urology ward. P. mirabilis is one of the most common
causes of urinary tract infections. Because of the difficulty in
eradicating P. mirabilis species from irmmunocompromised
hosts (13), this bacterial species is usually considered an im-
portant cause .of nosocomial infections (34). Although the
most predominant plasmid-mediated p-lactamases found in
clinical isolates of P. mirabilis are TEM-derived ESBLs (5, 11,
22, 24, 28, 33), the emergence of CTX-M-type enzymes with
extended substrate specificity has been a serious concern (7,
36). In the present study, we investigated the CTX-M-2-pro-
ducing P. mirabilis strains that caused a nosocomial outbreak in
a urology ward in our medical center.

MATERIALS AND METHODS

Patients and bacterial strains. From July 2001 to August 2002, 19 nondupli-
cated multiresistant P. mirabilis clinical straing were isolated from 19 patients
suffering from infections probably caused by P. mirabilis. These strains were
recovered from urine or other urogenital specimens of 16 inpatients and three
outpatients with a hospitalization history in a urology ward of Funabushi Medical
Center. This hospital hus 426 beds and serves as an acute-care municipal hospital
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TABLE 1. Origins of CTX-M-2-producing P. mirabilis isolates and medical records of patients

Patient St ra‘i‘n llj)‘iﬁlg[f! Source Age Underlying discase Antibiotic used within ;"50 days
no. no. . - (yr)/sex before detection
(day/mofyr)

1 1 Q/7/01 Operative wound 77/M  Bladder cancer KAN, Crz, CFP-SUL

2 2 24/7/61 Indwelling catheter urine  83/F Bladder stone CDR, CFZ, CFP-SUL

3 3 15/8/01 Indwelling catheter urine  66/M  Prostatic cancer LVX, CFZ, CFP-SUL

4 4 30/8/01 Midstream urine 62/M  Retroperitoneal fibrosis, renal failure LVX, CDR, CFZ, IPM/

: CS, CTM-HE

5 5 18/10/01  Indwelling catheter urine  83/M  Bladder cancer LVX, CFZ, CFP-SUL,
IPM/CS

6 6 22/10/01  Indwelling catheter urine - 59/M  Bladder cancer : LVX, CFZ, CFP-SUL

7 7 20/10/01.  Indwelling catheter urine  79/F  Postrenal fajlure, hydronephrosis LVX, CFZ

8 8 8/11/01 Midstream urine 77/M  Bladder cancer LVX, CFZ, CFP-SUL,
IPM/CS

9 9 12/11/01  Midstream wurine 73/M  Prostatic cancer LVX, CFZ, CFP-SUL,
CDR

10 10 12/11/01  Catheter urine 70/M  Renal failure, diabetes mellitus IPM/CS, GEN, LVX,

: : ) MIN

11 11 19/11/01  Midstream urine 72/M  Bladder cancer CFZ, CFP-SUL :

12 12 29/11/01  Midstream nrine 62/M  Bladder cancer KAN, LVX, CDR, CFZ

13 13 30/11/01  Indwelling catheter urine  44/M  Stomach cancer, hydronephrosis, pyelonephritis CFP-SUL, ISP

14 14 6/12/01 Indwelling catheter urine  83/M  Prostatic cancer CFZ, AMP, CAZ

15 15 30/4/02 Spuium 56/M  Rectal cancer, bladder cancer FMOX, CAZ

16 16 19/6/01 . Catheter urine 80/M  Bladder stone : LvX

17 17 13/12/01  Indwelling catheter wrine  80/F Bladder cancer CFZ, CDR, IPM/CS,

' - ' ' CFP-SUL
18 18 2/8/02 Midstream urine 65/M  Prostatic cancer CFZ, CFP-SUL
19 19 20/8/02  Indwelling catheter urine  59/M  Bladder cancer LVX, CFZ, CFP-SUL

“ Styain no. 16, 17, and 18 were derived from outpatients with a hospitalization history in a urology ward.
b KAN, kanamyein; CFZ, cefazolin; CFP-SUL, cefoperazone-sulbactam; CDR, cefdinir; LVX, levofloxacin; IPM/CS, imipeneny/cilastatiny CTM-HE, cefotiam-

hexetil; GEN, gentamicin; MIN, minocycline; [SP, isepamicin; AMP, ampicillin; CAZ, ceftazidime; FMOQX, flomoxef.

for 2 population of 560,000 in Funabashi City, Chibu, Japan. Tables 1 and 2 show
the clinical background of patients fov each isolate and their respective treatment
outcomes. All 19 isolates were suggested to produce inbibitor-sasceptible class A
B-lactamase based on the double-disk synergy test results. Biochemical identifi-

© . cation of isolates was performed with an NEG Combo 51 panel and Walk-

Away-96 S1 System (Dade Behring, Sucramento, Calif.) according to the man-
ufacturer’s instructions. B-Lactamase testing was performed bused on
microacidimetry with a commercial product (P/Case Test; Nissui Pharmuceuti-
cul, Tokyo, Jupan). Bacterial strains were stored before use in Casitone medivm
(Eiken Chemical, Tokyo, Japan) at room femperature.

Antimicrobial susceptibility testing. MICs were determined by 2 microdilution
broth method with a WalkAway-96 81 System (NEG Combo 51 and NEG MIC
5J panels; Dude Behring) with an inoculum of 10* CFU per well. Susceptibility
categories were determined according to the National Committee for Clinical
Laboratory Standards (NCCLS) eriteria (26). o

ESBL plus Panel (Dade Behring) with an inoculum of 10 CFU per well was
used complementarily for MIC measurements, with incubation for 18 h at 35°C,
and then assessed visually,

Double-disk synergy test, For screening ESBL-producing strains, the double-
disk synergy test was wsed. Antimicrobial disks for Mueller-Hinton agar (BBL,
Microbiology Systems, Cockeysville, Md.) tests, cefotuxime (30 pg), ceftazidime
(30 pg), aztreonam (30 py), snd amoxicillin-clavulanic scid (20 pg and 10 pg)
were obtained from Nissui Pharmacentical. ‘The distance between disks was
adjusted 50 that synergy conld be detected accurately (38).

PCR analysis. A search for blapuy, blagny, Blacix.o bltcixama and
blacixm.o genes in clinical isolates was performed by PCR amplification with
the following sets of primers: 5'-CCGTGTCGCCCTTATTCC-3' and 5-AGG
CACCTATCTCAGCGA-3' for blay, S-ATTIGTCGCTTCITTACTCG
C-3" and 5'-TTTATGGCGTTACCTTTGACC-3 for blagy,y, 5'-CGGTGCTG
AAGAAAAGTG-3' und §'-TACCCAGCGTCAGATTAC-3' for blacyx-mas
5'-ACGCTACCCCTGCTATTT-3 und 5-CCTTTCCGCCTTCTGCTC-3! und
for Blacyx.ma and 5-GCAGATAATACGCAGGTG-3" and 5'-CGCCGTGG
TGGTGTCTCT-3' for blacyx.s.o- Freshly isolated colonies were suspended in
distilled water and adjusted to a 0.5 MacFarland, which was boiled for 10 min.
Supernatant obtained after centrifugation at 13,000 rpm for 5 min was used as
template DNA.,

PCRs were carried out in 50-pl volumes containing 5 pl of DNA, 0.5 uM each
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primer, 200 pM deoxynucleoside triphosphates, 1.25 U of TuKaRa BEx Taq
(Takara), and PCR buffer (Takura) with the following pardmeters: initial dena-
turation at 94°C for 2-win, denwturation ai 94°C for 1 min, primer annealing at
55°C for 1 min, and extension at 72°C for 1.5 min, repeated for 30 cycles; and a
final extension at 72°C for 5 min. :
CTX-M-2-specific PCR and DNA sequencing, Amplification of the blacyx.m.a -

pene und flunking regions was carried out with the oligonucleotide primers
M-2-F (3-TTCGCCGCTCAATGTTA-Y) und M-2-R (5'-GCATCAGAAACC
GTGGG-3'), corresponding to nucleotides 22 to 38 and 852 to 868, respectively,
of the structural gene. Plasmid DNA was prepared from each isolate by the Kado
and Liu method (19) and used as templates for PCR analyses. PCRs were
performed as described above. Cycling conditions were denaturation at 94°C for
1 min, annealing at 55°C for 1 min, and extension at 72°C for 1.§ min, repeated
for 3¢ cycles. PCR-generated amplicons were purified with a QlAquick PCR
Purification Xit (Qiagen Inc., Valencin, Calif.), and sequenced directly on both
strands with a BigDye terminator cycle sequencing ready reaction kit und ABI
3100 DNA sequencer {Applied Biosystems, Foster City, Culif.).

Genomic typing. Chromosomal DNAs from clinical isolates embedded in
agarose. gel plugs (InCert; Bio-Whittuker Molecular Applications, Rockland,
Maine) were subjected to treatments with lysozyme and sodinm dodecy! sulfate
containing proteinase X, then incubated overnight at 30°C with 12.5 U of Smal
(Takara Shuzo Co., Kyoto, Japan). Plugs were mounted into the wells of u 1%
ScaKem GTG Agatose (Bio-Whittaker) in 50 mM Tris-borate-EDTA buffer (pH
8.4). The biased sinusoidal field gel electrophoresis system (Atio Corp,, Tokyo,
Jupun) (25), 2 modified pulsed-field gel electrophoresis technique utilizing a
binsed sinusoidal electric field for separation of large DNA molecales, was
employed at 12°C with the field parameters Eb = 1.2 V/ew and £s = 7.3 View.
Lambda DNA ladders (48.5 kb to 1 Mb; Takara) were used as molecular size
markers,

RESULTS

Bacterial strains and clinical features. Multiresistant P.
mirabilis isolates were obtained from 16 inpatients in a urology
ward and three outpatients with a hospitalization history in



