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155 (Background)

JEYLIE O FJHIE R TR K 23R E S 41TV 7272 Empiric therapy & L CJATK A~
J N EETLHHEENIRGSINLOGGENH D, LirL, %, Extended-Spectrum B-
Lactamases (ESBLs) PEAETA 72 & DL AIMMERE OHMA IR 2BE L 00 . ZhboHE
FEZ G 7202 b ) 7 hiE K~ de-escalation % T FEEE L Definitive therapy (24
BT L2MEND D, MEDHRE~D~ MU v 7 A5 L — PR A AL RATRE R AE
MR (Matrix-assisted laser desorption/ionization-time-of-flight mass spectrometer: MALDI-
TOFMS) D KAZFE A A E M A DGR L3 B L7223 SRR MERBR IR
ERASSE Y Jantr RN

HH (Objective)

ESBLs FEAEREMNEAT D B 77 ¥ ~—BEIZHER L AEDIEEMRAH O MALDI-TOF
MS TP 77 % LR PIEEOHEELLEZ I 25 Z & THIEIZ ESBLs FEAM: 0> A % f] 5]
THZEEAME Lz, E£72, RBEDDER: ESBLs FEAREZ HIBITE 20 Z L.
BRI~ ATREME 2 BRER L 7=,

J5# (Methods)

EEHER IR 1X. ESBLs PEZERRIZIX Escherichia coli NCTC13462 % . JEMERRIZIX E. coli
ATCC®25922 % A 7=, BRIRTBERRIX. blactxwm BB T OIRA% ESBLs PEAERE, K
TRA K % EMERR IS 038 U CA B AR 20 R DR 60 £ % FIV 72, MALDI Biotyper®% v, 4
PR K TR L7 B O B RIR 2 B PUEELFEE I N F 714 7 L — hOx%
U )VIZHERRTS . 35°C DAFREREE BT BRI AL U 7858 RIS A T Lo, 72, 1
YRR ERBR L L 70 AL RBIEO S BIESS 7T LY TN AT B 1 % 78
7o R 15 ik Z HWT B 7 7 % ~—EZHlitith. MALDI Biotyper® C43#r L 7=,

A (Results)
PLE 3K Cefotaxime (CTX). Cefpodoxime (CPDX) . Piperacillin (PIPC) ¥5 JX O Cefpirome



(CPR) Z W5 & FEMKD RS 7 F X DT IO ERE T BB S du, Koy iR
Wit 7 lE, ESBLs PEAERR TO A 15 43 [ OHEAMRER] CHLIN S Av7z, KSR i
e 7 v B IR G R B Sk L 7 v & FENOK Sy I R Sk S L DR TN CRR L 7oA S
R IR 77 BiERK O BESBLs PEARE & MM A A — T v 7T 52 L < KBITHZ ENTE T,
JREBIA LD BT 7 Z~—FOMiHiEE AV fE R B2y BERR[RA%IC ESBLs PEARE & &
MR A BT 5 Z ENTE, M TROBE &N 10* CFU/mL £ TR 2 b7z,

#&Em  (Conclusions)

AHFFE T, MALDI-TOFMS % H\WHLE S DMK EFEM S 2 ET 5 Z £12 L VW, ESBLs
PEAETA &M OHIBIAMEN 153 THEETH D Z ERH LN E R ot Fio, BRI IR R
EKEOVHM LB T 7 2~—FBEMANWDEZ LT, WkE AW TH M LR & RIS, 558
9% Z &72< ESBLs FEABEIC K 2 REYLNEMER I X 2 &Y )2 B T & 5l REME D R X
oo MK FREESR I K 2 LR E DO IEZ L 48 2 2 ARIEIL, [FIER O /FE AT Tt 2 38
BRI DEICCHATRETH 2 Z L nh | ZAIMIERE ORI D 2 L B3R Sz,

¥ —7U— K (Key Words)

Extended-spectrum B-lactamases (ESBLs) PEAE., ~ U v 7 A L —HFiEEA 4 1k
FATHFAVE &0 H75 (MALDI-TOF MS) . Escherichia coli, Klebsiella pneumoniae .
Proteus mirabilis, B 7 7 % LRPUEIE
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B1E FE

TR, R=V U CRPEESCE 7 7 0 AR Y CRILEIE R & OB H e W SEFIE R A3 i
FAPICHER L T d, 1961 AFICAF > U UiittE s~ K 7 ERE  (Methicillin-Resistant
Staphylococcus aureus: MRSA) DZ& it U CLLRE, 1988 MFITIT Ny 2~ A & Uit ER A
(Vancomycin-Resistant Enterococci: VRE) %88, 7 7 AR ﬁﬁﬁlf%ﬁﬂfﬁﬁ MEBE 23R K L T
Wo Tz, —Ji, 77 LM E Tl Extended-Spectrum B-Lactamases (ESBLs) PEAEF 73 1980
FRI—1 /N TIADRY | FEWCKRE TR IER L, 1990 FfX7% 21213 Carbapenem-
Resistant Enterobacteriaceae (CRE) O —F& T & % Klebsiella pneumoniae Carbapenemase (KPC)
DR S D 7e EEEOPUESRICTE 2 R T S AITER > SHELL T b,

ESBLs FEAE B IZ, 2000 FLLRRICZURICIER LT Y | HERA > KTl 2014 F1Z E. coli
@5%w%ui%mmmﬁéiﬁ£@tﬁ:%mﬁﬁéiit%wFM’%&ém%ﬁw
PEE Z b OIBNME BMEICZ S HBLL, 77 A I R EOMHEBIRF 2395 5 1At B FE~
KARFET DMEEZ b0, £, HROER % Z2#lkiZ 3T JEPIHIE B Al T ESBLs
PEAEF DR SIVUEROIER NS SN TWD Y, CRE X, IANNR~—EEEELT
TR LZRPEEICINE 2 R T ORR 6, 7t ax ) o RZPEER ShoHE
TR DM TEZ S L TWD 2 ENE L YD, YYENBIET D LIHEBREEIC D 2 &
Mo TEBEOMMER )] & L THEREED WD, F7o, CRE OREEECHLHUT 1T E S Hik
Lo TRESER D, IRy —BIEIRELL ST HEHEFRLOBEIZL > TA X1
WL U URINFE L, A vl New Delhi Metallo-B-Lactamase (NDM) (X1 > RCH R
T VT B W TEBEROEREIL TN 72 & O ERBEEKIC X D)IEN 0 2 5Dk L,
U o KPC 13K E T O FRHENLEG: TH R S TLOR, KEHLRE T E TOHE R %
RETWS Y, AARTHRIEENS%< O CRE E, IMPAIS VIMAITH Y | NDM 72 £ Dfil
O CRE [ZHES DB DR HIAZL TR SN D5 ENRZ N9,

HARIZ 3BT 5 ZAIMEE O 5 BER OHERS 2 JE A 57 8 8 BNt R — XA v X
(Japan Nosocomial Infections Surveillance: JANIS) D55 —# 7 % ¢, L |2 Table 1 (27”77,
AAME TR 2R D > T D CRE OBERIT, 0.27% (2017 4F) 7225 0.32% (2021 %) &
b EZEAGITR L, AARTOIRITA D E ZAR LR, MRSA O4rHERIT 6.48% (2017
) 71 6.02% (2021 4F) ITEAMEI 2~ L TW5, MDRP O43RBE=RIT 0.05% (2017 4F)
15 0.03% (2021 42) L7210 2017 LU O Sy T AMEM 2R LT\ %, —J5, ESBLs
FEAEIE. 1995 4E1Z Toho-1 L B 5 7 ¥ ~—F¥ (CTX-M M) ZFEATIHRY NRESNT
VIRRAE 2 BIMEANC B 0 | 8 = 7 7 2 AR Y Uitk E. coli 13, 2.35% (2017 4F) 7
5 3.60% (2021 4F), FH =77 a0 AR Y U K. pneumoniae TiX 0.38% (2017 4F)
M5 0.79% (2021 4F) L DIBERE e > TV D,

ESBLs FEEBICIEINT 2 BYSEIRRICIE, =Y U VRHAEESCE 7 7 n 2R ) VR
FHEIIENTH Y, BEIEBYE TR WGEEIE, IANRARXRLARFEE BT 7~ AV
RPIEIENHELE SN D, BIERPIEDOL AL, DA ARPTFEENRINS D Z &R
2NV, Lo L, ISR T D B LR LA RPIEIE O 513, Hiz et E %2 HE &S
LM H D, B RPIEIE ORI ITIFMH L TR0 | BLAFOHUETHE S B L) 72 FEH it
B OHBNEREASTRERMEL > TS, TDH, EYEXTK %217 9 T ESBLs
PEAETE DIFEITIER L TS RER B 5,



2015 A= (2 AR AEERE RS (World Health Organization: WHO) #82 C . A4 (Antimicrobial
Resistance : AMR) [Z$ 57 0— L« 77 v a 7T UREIRENTE 0, 22 Tk
FEAITRPE B T L 2 BRY DOPLR W72 70 AT ME B O HBL A2 1 S 2 AT 7212 1) B K% -
HE. 2) BiRGRA - B, 3) T Eh - BEL 4) BUEMAIOBEIEREA, 5) WFERR -
RAIFEDS 5 SOREE LTEF bz, BARTIE, 2016 4 4 A2 TEERANCHEL & 72 5 RGYE
b S BIRBR ) ISRV T TERAIMHE (AMR) SR T7 7 v a v 7o v BREShE 2,

LT vary7 T o0k BADEEAS ISR LT AMR RO 8 2 5 # 9~ <, WHO
O TERANMMECE T2 7 a =L e T 73 a 07T 112 6) EEEWH 12N Z 72 6 DD43EIC
FIL T, HIEEORE, g, £ L CEARNRBHMZE Y AATERNE L R->TnD, ZD 6D

D 53 B O T EEANME R O xR TliX, THMAEDHRI O EREH ] BNEFICEE L 2> T D,
A 2P 2D ST 570D K E LT, FWRBEICEB W THRIE DFLE I DOFF
AR ] OB AFE OB AL DMT LTV D, £, HUBAEW A O A 308 0
MAz HiE L, 2017 FICABRERTEN BAEAFRIEER 2 G 8 FRNLFE T THiE K
IEff 82 7" v 7Z L (Antimicrobial Stewardship Program: ASP) EED7=b D I A 2 2 A |
AL, PLEFEL S O EEH ZHEET 5 72 0 ORI 72 BUH A Thi s £ 91278 -
%moé% 2018 41X, AMR 5K & HEXE 32 H 1) & HUE 300 8 1E 558 O HE O @i

PUBESGHE E XN Sk snsd P 72l PO E /6 R 2800 M
ﬁ?bhfb\é

BB IV T, TS O GE IR L2 BFEAREE L6, IR S i
o TNDHZ LiFd7e, £ 0G4 emplrlctherapy L L/’Cfpfifi?hﬂﬁﬁ%'iﬁ-éﬂéo g
PR A S TUE, R SNV IR IR - B A0 S 4L, 35°COAF RS &M T C 16~ 18 KF[H#] 43
R S ND, BE L an=—%2 W TAFERMR R RBRCRERER 22 & OREMR
Ek JRYYIE DIGICA N2 PR 32 BIRT 2 7o O O IEARZ R N e S 5, HIE

TIEIARRRE KD 32~36 WM A2 B 5, FEHIEZMERER OH E X, Clinical laboratory
standards institute : CLSI @ Performance Standards for Antimicrobial Susceptibility Testing (2 %55
< PR EIR AL CHIE S 7 e/ M BEBRLIEIEE  (Minimum Inhibitory Concentration: MIC)
M5, JEME : Susceptible, HEE ML ¢ Intermediate, M4 : Resistant O 4 7 = U — (2 H) B <
N5, #ilZ, ESBLs EEAE N REDONTZHE . Fig] (233 K 9 1 ANz M3k B 0 B A 3
%EEEU\ﬁﬂ@%ﬂﬁil@%ﬁ)#“/7%%#%%3%@%%&&@4&64%%

ZIZHIE SN D, T Z T ESBLs FEAE DO AIREMES DN T RRIT, & D ICHER R FEfi S
h BiRfEH L0 64~72 BF[EIHZIC ESBLs PEAER TH L Z EBEE SN D, ZH 6 DOAME
FRAERE KRS E S5 & K TlE de-esclation S 4L, LG S LA HIEFIEN Y 72§

DIZZE T ZFL7z definitive therapy 2370315, LA L., FRKRE ISR AR K238 < i“(“ ey
ERREIN T RSTS 3 B0 0 ZAIMMER SO D EBE S 7256 1133
FAAZ PR D PR A O FE A M M O R IR E 1T o e R IR AR R & & fﬁgﬁ%%ﬁ‘ét
SHULZEFT 200RBURTH 5, ASP EEOBLEN G b | AN M ERER O 70 5 Rl
R D,

2007 . A TFHIRAEOHR T, FIEREIZY MY v 7 ATV —F WA A o ALRAT
REREIARVE B0 HT et (Matrix-assisted laser desorption/ionization-time-of-flight mass spectrometer'
MALDI-TOF MS) 233 A & 4172, MALDI-TOF MS Ti&, 7L ARDEMFR L —F (
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R~ M) 7R FTH LT v ) v 7 A ERBTCO T m F AR Z Y
REIRA AL ENT- . A A DOFRATHBD S0 FOEREHREZG TS W, FITH
DURY—LHRF R ODEEERVPERMICIV AR EEZFAHLT, B~ R
ARG NN E = b T = R— R I N T2 AARYT NVRE = b DR — =
Y F IRV ERBOREN TP TW5, BlfE, MALDIBiotyper® (7 /L7 — « XL k=
7 ARRREH) & VITEKPMS (B4 AV 22—« Uy SUBRSH) o 2 B2 IR T
T& % MALDI-TOF MS & U THRIE STV D, JERIET 10 FEfIZ E B L 2 REMR A
RT, DIV THUERKET L, RIRITHERPEON 20BN ETH D, EHIT, EkE
IZHARCREAEREENEE Th D, MEICFan=—%24—F v NS L— MNIBAT
LIt~ N v 7 ABIWNY N v I REHERET H7200F v T OHPMLET
&Y, MALDI-TOF MS IZ X A RIEMAEIL, #EREL VD EHABICE O THRERSLTHED
KGN FATRE L e D b D TH D 19, —J5 SAIMMER O F -7t Fike LT
MALDI-TOF MS & WA AT DIV TV D, ZHETIZ, FFENZR Y —27 2B
T 5 Z L TMRSA & AT U S MER AT N7 K (Methicillin-susceptible Staphylococcus
aureus: MSSA) Z BGRIZF#BIT 2 5L B"b Db, 7o, P77/ X~—BICLDEBTI X A
FPUE AR DKW 5> & CRE'™® %2 ESBLs FEAH 920 M43 FiENHE STV
2N, RIOMAMIRNE N & BEEIFEN 4 BRI E0D Z b SR T2
ONBURTH D, Mr B5IE. FTA 7L — P DPD-1 CGRIHMEZERSH) I S
NT-PUHE 3 Cefotaxime (CTX) & ESBLs #E£ET D E coli #FAWT, BT 7 X~—EN
Gl & Z T HEE DMK %2 VITEK®MS TR 25 Z & T, DT 15 ok oK
AL R 2 M C & 5 51k % A L7 2V,

LLED X5z, FERIMPERE ORER I IZET 52 < O R TThh T L0, EAES
NI BT < BRIRICH FTREZR FIEOE KO T\ 5, 5 2 =TI, ESBLs PEAE
W ORGEMR HEORELZ BfS L, ESBLs ZpEAT 5 E. coli FEMERKZ HV T, MALDI
Biotyper®* T4 FED B 7 7 ¥ LRPLUEIED B 7 7 ¥ ~—BIT X DK O K 715 % 1
Ff L. BEMER & ESBLs FEABE OHIBIN 15 3 TRIRETH D Z L2 R L=, WIT, ERK S B
BE~DBH M FIRE Td D 0> E. coli DEFIRTBEK A AW THRETT 5 & & biT, BR LEER
K. pneumoniae. Proteus mirabilis Zf\NT, 4FD B 7 7 ¥ LRHIEIEIZx LT E. coli LA
OB 2TV Z ORERHENFGHTHL Z LR aniz, HI3IETIE, F2 =mETHEA
L7 S & 15 43 o2 © ESBLs PEA: [ 00 SK A sz M 3B B TR UHi
3D MIC 277 LT\ 5723, MALDI-TOF MS T& L 7= FLE KO MK i ks 7
BRRRDILOBAONTZOT, ZOEVWHAEERED D VITHRFEEOEVICERNT S b
DEEZ, PpTIH~—THH %7\ MALDI-TOF MS CHIIET&E 20k A7z, £72, 20O
A 2 BRI T X< JRBUKR DY D ESBLs FEAERE OHIBIAH K2 W L, 45
T, F2ELFIBLIVHEONTMEREREL, SBOBELRD,

KR THERT 5 B 77 X LRHEHE L ZOMEAB LOEBEEREL % Fig. 2 1277,



% 2% MALDI-TOF MS % F\ 7= SR& ik B o0 TRIEARR 05 B DR &t

#5528 VITEK®MS THESE L 7= 515 213, CTX O IEMK o fiE# sk s 7' v & ESBLs
PEAEBEMPEAT D P T 7 X ~—FIZL 0 CTX DL E N LIk @k s 7
TN EWZD I L TUE coli 73 ESBLs FEAEMKTH D ENnaHICHETE 5 HIETH D,

ARETIEL, ESBLs FEAERE OMVE R HE DML Z H¥5 L. ESBLs # AT % E. coli FEHER
% T, MALDI Biotyper®* T4 FiD B 7 7 # LRPLFEIED B 7 7 #~—EIT X DMK
R ORI 7L 2 G U, BER & BSBL s PEAE R OHIBIZ T o 72, S DI, BER 7 BERE~
DN FIRE Td D & WK EE B 72 K. pneumoniae, P. mirabilis AT, 4FEDO B Z 7
S LFRPEREIZK LT E coli & RBEDOWT 24T -7,

2-1 ERFGIE

2-1-1  ARBREE

FEYERE AR IX, ESBLs PEARR & L T E. coliNCTC13462 % | J&M#k & LT E. coli ATCC®25922
A L7z, BRDBERIT, CLSI F¥ = A2 b (Fig. 1) IZRE#E SN TWD E coli, K
pneumoniae. P. mirabilis O 3 W & U AEHERRIL E. coli DIE&MNK & ESBLs PEAERRZ VY,
B PRy BERR X W N O B AR & JEMERR 10 Bk & ESBLs PEAERK 10 RO A 20 k2 W2,
IRIZH1T 5 K. pneumoniae & P. mirabilis 0 ESBLs FEARK DRHIELN E. coli 12T 72
W END, FERIEIMIT 2014 4 1 A5 2018 45 12 A S4EME L7z, EBRIZIX
SOC CHFEIRE S NIk E N P FHr— AV A 5%IMIKIEREEH (AR hv - F o>
oY UR&tt  BHARBD) IS, 35°CT—HFAE LI-an=—% i,

2-1-2 EAIPIE S
ARSI L 72t 384 LU ISR,

Ampicillin  (ABPC) . Amikacin (AMK) . Aztreonam (AZT) . Ceftazidime (CAZ). Cefditoren
(CDTR) . Cefazolin (CEZ) . Cefepime (CFPM) . Cefmetazole (CMZ). Cefpodoxime-proxetil
(CPDX-PR) , Cefpirome (CPR), Cefotiam (CTM), Ceftriaxone (CTRX), Cefotaxime (CTX) .

Gentamicin (GM) . Imipenem (IPM), Latamoxef (LMOX). Levofloxacin (LVFX)

Ciprofloxacin (CPFX) ., Meropenem (MEPM), Minomycin (MINO) . Piperacillin (PIPC)

Sulbactam/Ampicillin  (SBT/ABPC) . Sulbactam/Cefoperazone (SBT/CPZ). Sulfamethoxazole-

Trimethoprim  (ST) ., Tazobactam/Piperacillin  (TAZ/PIPC).,

MALDI-TOF MS (Z X % FAIMMERE OfRICIT, T4 7 b— FRHPDPD-1 GRS

%ﬁ%ﬁ)Kﬁméh1m5$ﬂ%uT®13@%mwkomx\amxzmmxmmx

IPM, AZT, SBT/CPZ, GM, AMK, MINO, LVFX, Flomoxef (FMOX). Fosfomycin (FOM),

2-1-3  FEAIERSZ PEER

TR U 7oA O FEANESZ ML, U NIRRT HIETHELZ, BD 7=y 7 2 ™
7T KAFHT 4 7 NMIC-207 733/ (HA BD) v, £ A BEEEZERAE S A7 A BD
7=y 7 A (HABD) fEEAEARETMIC 2 HIE L7z, CLSIM07-A9 M100-S222?
IZHERL LT MIC & % &2/ : Susceptible, HZE M : Intermediate, (it : Resistant @
BT DY =TT, MBRPIERK L, <= U VRPUERK D ABPC, PIPC, <=1 » %&Hl
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E A D SBT/ABPC, SBT/CPZ. TAZ/PIPC, &7 7 v AR Y L RHEIEKD CEZ, CTM,
CTX. CAZ. CPDX. CTRX, CDTR, CPR, 7 7~ A > U ZHEHIEKD CMZ, X%t 7
= ARFEHIED LMOX, F /N7 X LAZRHEIED AZT., HN ALK LARFEIED IPM,
MEPM, 7 X/ BHEAIIEH O AMK, GM, ==—% / vV RHEH O LVFX, CPFX, 7
N7 %A 7 U URPIFEED MINO, ST AAID ST & L7,

2-1-4 KBV BA

AmpCHI B 7 7 #~—F OibIpEA R IZ, ESBLs FEARE & R U< CTX 22 K0 3 H{t
77 m AR CRPIESEITME 2 R, FERICHE L 24w o R EX, AmpC/ESBL #5]
T4 A7 (BILFEHRAS) Z2EA L0 CUTICRT HIETHRRA L, £FEAEKT
McFarland 0.5 (ZFR%E L 72 SHBREK OB A WA MECTI 2 — T b P R (AR
BD) (23 FA»b8@A Lctk, HAIGHT 4 A7 Z3E Lz, 35~37°COFRERE T T 18
~24 WFRIEs %, LM ZHE L7 (Fig. 3), TXTOT 4 A7 ITRT DHIEM D%
22 mm L FOH DM E Lz, WRIZ, BESBLs BAEHRIET + X7 A & LI EAIE
BT 4 A7 B EOFIEMZOZEN 5 mm L ETH Y . ESBLs [HEAIME « AmpC FLEHSIEH
T 4 A7 C % HHUE\Z ESBLs FEAFLEAI & AmpC [LEARIOEAT 4 A7 D L OFHIEMZ
DENSMMm U ETHLIZE, BEXOT A AT ALET A A7 COMIEMEDOEET 4 A
BLT A7 DOFHIEMHEDZEN 4mm L FO O 2 & HIE LT,

2-1-5  blactx-m group DOFEFE

A= PRALHE K T McFarland 0.5 (ZF%& U 72 SR AR O BRI 10 uL &, > ¥ — =7 A*DNA
TG (B b2k th) 100l EIRA L, 72°CT20 3D A % 2X— K| 94°CT 3
DA F 2X— Mk, 15,000 rpm T 1 57l OB L 7c B3 2 ik & L7, blacrx-
mgroup OHIFNZIX, > F ¥ —=7 A®ESBL #f= A ¥ v b (Bd bk att) 2 H
VW7o, blacrx-m-1 group & blacrx-mo group D7 7 A ~—7H3 A5 72 Reaction mixture 1 & blacrx-
M2 group & blacrx-ms group D77 A ~—7)3 A 7= Reaction mixture 2 @ 2 FEFH 2 % L |
Light Cycler®6 (m > = « XA 7 7 ) 2T 1 v 7 A &ft) 2T, DNA OEVEM: % 94°C
TISH, T=—VU 7% 66°CT 15>, DNA S5O MIER G % 72°CT 40 B2 D 3 Bk ie %
30 A 7 NWAT STz, 7 A v — A7 VEKUKENIIX. 2% 7 A v — 270 (BRI RS )
YRR L, BAIKENELE © Mupid®-2plus (BkAR4EI =2 — B~ ) T 100V T 30 53 HvkE)
%, BAb=F U LFEIRIC 30 pHIZIE S E T DNA 2%t Lz, 2Dk, P72 AL
— & —THIE L. 688 bp (blactxmi group). 404 bp (blacrxm2 group) . 246 bp (blactxms
group) . 565 bp (blactx-mo group) (Z/32 R3FRD LMK % blacrxm MBEFRAKE L
7= (Fig. 4),

2-1-6  HKDBERE FH ik

Fig. 5 O 7 0 —|ZHEV, 2-1-3 DOEAIRZMRER ORA %, WAIMMEE 2 b - H 1B
LC, 2-1-4 OXRBIMHERMRAE Td 5 AmpC/ESBL A7 + A 7 % %M L. ESBLs /4 Mk
WER A RAIT D, T D%, 2-1-5 @ blacrx-m group DGR DfER%Z > A1 ¥ — =7 A“ESBL &
mF Ry N THWT, ESBLs PEAR & MK A BE LTz, EB. AW TIX

5



AmpC/ESBL #5115 ¢ 2 7 THIBIN K /2 CTX = CPDX ® MIC MKV ESBLs FEAZ [ D AF
EbHE 2, SRICBE L TU Y —=7 A®ESBL Bz - HBHF ~ b T blactxm group DHES
Z1T-o 72,

2-1-7 MALDI-TOF MS % JH 7= ifit P B A HH oD 1 & 7 5

A PR /K T McFarland 1 (ZF%E U7 ABREIR DR 2. K7 A 7L — | KA DPD-1
D CTX : 32pg/mL, CPDX : 32pug/mL, ABPC: 32pg/mL, PIPC: 32 pg/mL @7 T/ L{Z 100
uL . Ceftaxime-Clavulanate (CTX/CLA) : 4 pg/mL/4 pg/mL ., Cefpodoxime-Clavulanate

(CPDX/CLA) : 4 ug/mL/4 ug/mL @ 7 =/L{Z 25 uL, MEPM: 16 ug/mL ® 7 =/L{Z 50 uL &
MMU7z, 35°COAFRSM T T — el iRk, B L 3yl #2—7 v F 7' L— F MSP
96 target polished steel BC (7 /L — « Z )L b =7 AR 4h) 128 L TRz S, NEBEE
YEWVEIRIE 1 L, ~ MY v 7 APEWR 1 uL = HE L T H AR S, MALDI-TOF MS O #
ERELE L, v MY v 7 AEH X, 2-Cyano-4-hydroxycinnamate (HCCA) % 50%
Acetonitrile, 49.9% HPLC-grade water, 0.1% Trifluoroacetic acid D IRAVAHE 250 pL (Z A
L Cil% L7z, MALDI-TOF MS (Z/% MALDI Biotyper®Z i H L. 150~1,000 Da D% T
L7z, 72, Fx U7 L — 3 I HCCA IZ T To 72,



2-2 FER

2-2-1  AEHEEEHE 0D FEHI RS2 M D FF i

PEYERE & L CH L7z E. coli ATCC®25922 & E. coli NCTC13462 OB IAR A IRIEIC
DEPUREIEIC KT D MIC fE & ESBLs REVFERMA ORI LW blactxv m{zs%f%ﬁ
DA% Table2 (3T, KD E. coli ATCC®25922 Tld, ARAFZE TG L7z = 1
RPLE D ABPC, PIPC, <=V » RAHLEIEKAHI D SBT/ABPC., SBT/CPZ. TAZ/PIPC.
77 AR CRPEEDO CEZ, CTM, CTX. CAZ. CPDX., CTRX., CDTR, CPR, &7
7V AV URPEED CMZ, XV 7 = AZPIEIED LMOX, £/ N7 X LAZRHIEIED
AZT, TR R LARPUEIEKD IPM, MEPM, 7 2 J BlERD AMK, GM, ==2—% /1
VRPLEHED LVFX, CPFX, 7 b7 %A 7 UV RPIFEIED MINO, ST 5HID ST 3T
DOPLFE I LTt Z2 7~ L7z, —J5. ESBLs FEAEMKD E. coliNCTC13462 TlE, <=V
VRPUEHE D ABPC, PIPC, <= U V RIE KA KD SBT/ABPC, SBT/CPZ, &7 7 1 X
AU VRPUEHE D CEZ, CTM, CTX, CAZ, CPDX, CTRX, CDTR, CPR, &/ /"7 ¥ L%
PUEIED AZT, 7 2 7 EFHEAD GM, ST AFID ST IZxf L ClittEE R L b DD, N
ANRLZRHEIED IPM, MEPM, _=3V U RFLEIEESHID TAZ/PIPC, ¥ 7 7~ A L%
PO CMZ, XYt 7 = 225 EED LMOX, 7 X /EHEAD AMK, —==—% /1
VERPLREIED LVFX, CPFX, 7 F 7% A 7 U U RFLFEFED MINO (Zxf L TEMEZ R~ LT,

ESBLs # BRI RMRA Tl KD E. coli ATCC®25922 (2B W CRHLIE AL, A @ 24
mm, B:24mm, C:26mm, D:26mm & 720, 4 5DOF 4 A7 [WDFEIL 2 mm LA F Ttk
EHIE ST, —J7. ESBLs FEAMRD E. coli NCTC13462 OFHIEM &I, A: 6mm, B: 15
mm, C:7mm, D: 17mm &7¢ Y, ESBLs PEAEMKDFEAEZ 7= T #5 R %4~ L. ESBLs &El
TR A IR ME &l S vz (Fig. 3),

~ )V F T L7 A PCRIZL D blactxm BB TIRA DA MEE Fig. 4 1237, BEKO E.
coli ATCC®25922 TlE /N KRR BN 72 DI2%f L, ESBLs PEERRD E. coli NCTC13462
TIEX CTX-M-2 IZAHY % 404 bp (123 R3O B AL, blactxm MBEEFRAKTH D Z &
DR iz,

2-2-2 ERIR 5 BIERR O Fri

A U 7o BRI o BERR 1T, B B © 2014 42 1 H 7225 2018 4 12 H & TIZER
IRCTOrBES A7z 89,717 BER D 5 B FEAIRAS MR A 50 L 72 29,480 RO H172 & E. coli,
K. pneumoniae. P. mirabilis %% 20 £ E L7=, £ D 9 5., blacrxm WBLEFE2RA L7
E. coli 10 ¥k, K. pnemoniae 10 %, P. mirabillis 10 £ D F 30 Bk &2 BMERE & LTV, blacrxm
WEE 1% PRA T 5 E. coli 10 ¥, K. pnemoniae 10 £, P. mirabillis 10 ££ D7t 30 ££% ESBLs
FEARRE LTS 2k & Lic, oB, FHEHKE BICHBER DO LWEKND 10FH ETEHE
BRICH Wz, 8BE LT ERIR 7 BERRIZ DWW T, BEHETR IR & [FIAR IO SR AR A BRI LT &L 2 JE A
sz MR . ESBLs SR EUVHMEGEMR A, blacrxm B IET-PRA O M2 R LT, bRy BEE
E. coli ® ESBLs FEAERRIL, FEAIRSZ MEER T ABPC, PIPC, CTX, CPDX |Zxt L TLfET
fiftE A7~ L, LVFX & MINO (Zxf L C—H O Tt 27 . TAZ/PIPC, CMZ, LMOX,
IPM, MEPM, AMK (Zx%} L C2#k CMEZ R L7z, AmpC/ESBL #5117 «+ A 7 & W= £ 8
THERRA TIL, T X TORTHEEREL M THRRL RV blacxm BEETFE LT
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CTX-M-1 Bi% 4 £k, CTX-M-8 HliT 2 #k, CTX-M-9 BT 4 #E CIRA DR Iz, — H K
PERRIZ, EREZERBR TIE T N ToFEEITH L TEEL R L, REUEREBRAETH T
RTORRIZBNWT 4 O0TFT A7 B OZEE 2mm BLF & 720 &M & HE S, blactxm if'éL
51 DORA LRI N2> Tz, WRITERIR 7 BERE K. pnemoniae @ ESBLs PEAERKIL, FEA K
= MERBR TlZ ABPC, PIPC, CTX, CPDX (Zxf L Ca&fECltE%Z ~ L, LVFX IZxf L C 2 H%
Tk %258, TAZ/PIPC, CMZ, LMOX, IPM, MEPM, AMK, MINO [Z*} L T4#k TRl
PR LTz, AmpC/ESBL BT 1+ A7 & W RBUBIHEGERA T, X TOKRTHIE R
WA= THRERE 720 | blactxw BLBEIR T & LT CTX-M-1 B 1% 3 £k, CTX-M-9 &% 7 #%C
TR DR S AV To, — 7 IRMERRIE . BEHE S MR CTIL E AR ME 2 7”9 ABPC LIAME T~
TOFRHFEIH L TEMEZ R L, REUHEERETE T XTOKRT 4 DOT 4 X7 [HDFE
L 2mm BL T TR &CHIE S, blactxm BB IA T DRA DIER SN o T2, IRIZERK )
HIEEK P mirabilis © ESBLs PEARRIE, HAKZMFER TlL, ABPC, PIPC, CTX., CPDX,
MINO (Z%f L Cekk Tt Z~r L, LVEX (2%t LT 7 ¥k Tt 258% . TAZ/PIPC. CMZ,
LMOX, IPM, MEPM, AMK [Zxf L Ttk CEME%2 7~ L7-, AmpC/ESBL #5I|7 + X7 % H
W2 REUVIFEGRIR A Tl T X CORCTHERELTH - T/ R L 720 | blactxm WEB T &
L T CTX-M-2 BT AR CTORA DIHERS S VT, — I MR, FEAIR S R C I B AR
Z 759 MINO DIAMEI T R COHEEICK L TUEMEZ2 R L, BHAUHERBRE LT X TOR
IZBWT 42507 A7 MOZEIE 2mm ELT & 72 0 ik &HE S 4L, blacrxm BB TR A
DODHELER I NIRRT,

2-2-3 MALDI Biotyper®iZ 351} 5 CTX DR

CTX ZABREEKE 30 4 F'ﬁﬁéﬁﬁ‘iéﬂit&%@ MS A7 kL% Fig. 6(a) (273, MS
AT MV 379.1 Dall~ b v 7 ADnFAF 7 F 0 (2M + HYY) DB S 4,
455.9Da & 477.8 Da T CTX OIEMAK G D > 7 F 3Bl S vz, IICEEHETR R E.
coli ATCC®25922 F£ 7213 E. coli NCTC13462 % McFarland 1 (2858 U 72 B SR I8IK % A FRA I
KL RIERIZ 30 R S 72 & 2D MS A7 R L% Fig. 6(b,c) (2R, EMERED E. coli
ATCC®25922 L5 & CTX OIENKS IR RD S 7 F T % 456.0 Da & 478.0

alZv 7 V@Bl &z, —J5, ESBLs FEARED E. coliNCTC13462 & #fih9~% & | 455.9
a |2 CTX OIEMKGREIeD > 7 F U RBR SN2l 2T, 370.1 Da & 414.0 Da

(2 CTX ARG RD > 7 F )V 3Bl S Tz,

JEMERE D E. coli ATCC®25922 & ESBLs FEAMKD E. coli NCTC13462 % CTX & Hifih X 72
& EOFIRE Y 7 OVIREE L RS & OBfRE Fig. 7 IR T, 22T, Bllllanigr s

FARREEE~ N Y v 7 ZAD T TV T L THEXF S 7P LR & Lz, CTX DI
MoK 53 fEPI S D 456 Da DFExE > 7 VIR & | HEIREE] 23 15 43, 30 43R, 60 73
IECHERT D &, FEMERRTIZ 1.37, 1.49, 1.40 LIZIF —ETH-7=DIZxf L, ESBLs FEAERE
TIX 0.79. 0.81, 0.57 L7257z, CTX OIAKEY KD 370 Da DX 7 F VGREE % |
PEARRERT 2N 15 43, 30 [, 60 R DNECHER T 5 &, BMEETIX EDR S 0 THER
L7=DIZ%f L, ESBLs PFEAFETIX 0.57, 0.56, 0.51 ThH o7z,

MALDI Biotyper® O % —7%7 > ;7' b — MI4ERES 550k LiEO Y o 7Ll & CTX I
KRG fR SR DOFRRE S 7 F VR EE & DO BIfR A Fig. 8 (27”7, 456 Da OFHXf T 7 F )L oREE
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(T, U TR RS 1ul, 2L, 3pL, 4ul OJET 1.52, 1.22, 238, 2.23 L7257z, 478
Da DR & 7/ F VIR > 7 VR 1 uL, 2 pl, 3 L, 4 uL OJT 0.65, 0.30,
3141, 152 L7po7z, WO 7 FRME S 7 VEREN 3 ul & 4 uL THEW
& 2oz, W2 HIEMSS OFEEEIC XV Foii 72 BUBHERE 23F/E L. VITEK® MS Tl 4
ULV T & 5 DIZxt L MALDI Biotyper® Cid 3 uL Th o 7=,

2-2-4  WNESEEMEY) S DEE

NEEEEME OREIZIX, FIEEEZZEZ T4 7 L — N REPDPD-1 ICEAME S L2 Hii
T, AR OTEIEZ R 9 KR A& Lz, 20 9 FEH 2 A K & 30 /M
kx5 L, IPM 13 300.1 Da (2., AZT IX 4552 Da |2, SBT/CPZ % 455.0 Da |Z4&-HUH 3K
DIENIK IR AR D> 7 F BB S iz, ENLS D 6 FEANCBI L Tk, AHiE3ED
MK B D > 7 F TBR S e o7z, 55 3 EHFID S5 H AZT & SBT/CPZ O
MS AT N UZiE CTX OIEMKD MBI 7T 5D 456 Da fiTiZ > 7L 38
PENTZZ LM DERIN I, NEIEEDE & LT IPM BN by ch o 2 E 0V I LT,
IPM & MS 27 V% Fig. 9 IZR-7,

2-2-5 BT H ARPIHEME L O MEPM @ MS A7 KL

FRo CTX ERZHETHHE 7 70 AR Y U RFLAEID CPDX, <= U RHHED
PIPC, ESBLs FEAFIZ X DINKGIEDFEEL 2T 72NN T )V SRR LR PUFEFE D MEPM D 4
WHNEFHLIZLE &DMS A7 L% Fig 10-12 12737, WTFNOHEEEZANTH, T
RTOPWESRETFT379.1Dall~ M v 7 AD5FAF 7 F v (2M+H]Y) 75@%@%
Tz BB S O IR S B B Sk D > 7 v, Fig. 10(a) & Fig. 11(a)lZ~9 X 912, CPDX
Tl 428.0 Da, PIPC T 539.6 Da, MEPM T 406.2 Da (28Il iz, EMHERED E. coli
ATCC®25922 D FEREIR & 30 oM+ 2 &, W OHEE T L ABERHK & Bl L7
X ERICVEERICY 7 unBliflls vz (Fig. 10(b), Fig. 11(b)), —/. ESBLs EAEKD
E. coli NCTC13462 D FBRER & 92fih9 25 & . CPDX TILIENMK IR A Sk D 428.0 Da 121
2 T 370 .1 Da \ZHIKR ks 7 @il S vz (Fig. 10(c)) . PIPC TIIFENK 73 iR
Yy >k > 539.7 Da (\ZH1 2 T 579.6 Da IZ K3 g b ks 7 F @il < iz (Fig. 11(c)) .
MEPM TlE, WD E. coli ODREREIK L L TH, ABBHKEEMLIZLELFELT
FENK GRS D > 7 F VBB & dv, KRS D > 7 F VTRl S e o 7=

(Fig. 12),

2-2-6  HUEEHE & FRREIE OBk [ O B
CPDX, PIPC ¥ KO MEPM THUHI S U722 7T L3, CTX TIRGE L7 15 53 [H O H2fikey
T ORI SN D0 E. coli FEHERRZ FIV TS L7c, WIBBIK L 15 77 £ 7213 30 2 fH]
il L7z & & 0K > 7 ) VIRIE 2 NEEEWE IPM O > 7 VBRI TEEE(L L, ARk 7
FGREE (L : ’%f%%z) & LT Fig. 13-15 1277,
CPDX @ 428 Da \Z331F 2 IEMAK R B A DFEXS & 77 F VIR EE Tuog 1%, Fig. 13 1ZR T &
JEPERR 2 IV 2 & 15 53] 30 23 TRl O BEMRIERR] T3, 1,15 & 1116 TH 72D L,
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ESBLs Fiﬁk?ﬁ:ﬂ%mé £ 0.94 & 1.16 & DTN 30 sy OO J7 A3 EVME & foeof:o JJD
Koy 370 Da |2 j‘éfraxf/ﬁfwéﬁr“ SN F’Zr%kf $0.05 & ik
BITFRD LR o T=DITx L, ESBLs FEAREZ FHV 245 AL F‘ﬁ@#fﬁﬁf
0.42, 0.45 Toh o7, F£7-. ESBLs FEAK & &% %{%&Ttbﬁm‘é &L Ll 15 % @Tﬁﬁﬁﬁ#?ﬁ
T ESBLs FEAERKD 7 DN EMERE L 0 m75>o7io

PIPC D IEMAK RN 7 F VD Tsao 1. 15 il 30 ] & #EftREf 2 R <325 &
JEMERETI% 0.33 & 0.63, ESBLs FEERKTIL, 0.55 J: 054 L EHLLOBEDIZ i#@fmvﬁ%%
Tdh -7 (Fig. 14), PIPC DNKZFRB S 7 F LD Isgo 15, JEMERETIE 15 500 & 30 43
DT OEEMAERER T8 0 IIEVWVMETH Y . ESBLs FEALT iu\a“%mﬁéﬁﬁﬁ#ﬁaﬁf% 0.07
720 15 M OB T 6 BSBLs FEARKIZIRAMERE X 0 mb\fﬁf;ﬁpotoo

B2 MEPM Tlid, FEMKDEMH RS 7 F 0 Tage 12, 15 43 & 30 23 D BEfbEE R o
NELZ MR TIL 0.22 & 0.12 & 720 ESBLs PEARETIX, 0.12 & 0.11 720 | BRIZK H1H
DIFEWT 72 o T2, KGRI 7 F v ® Lsg 1%, 30 oML THWTHOKTH
Bt S nZe -7 (Fig. 15),

2-2-7  ERIRSTBERRIZ 351 D ESBLs PEA B IR HH O gt

KRETIE. WK BERK A6 ) U 7= > ESBLs FEA R M H OfE %47~ $, E. coli HEAERE R
M L7c & & LIRBRO TTETHIE U, SHUEE O IEMAK S R Sk DFE % & 7 F ViR B
&K G R B 2R DARXE > 7 F VSR EE & DERfR A HUE FEAIZ Fig. 15-18 IR 7, 7, fHXT
I IVIREE (e x TSN DB &EEM L) 13X means £ SD Trt#i 7 5,

PLEHE L LT CTX ZHW 5 &, Fig. 16(b) ([Z/RT XL 512, FRRDBERK E. coli TiX., CTX
FENMIK A FRM R S D 456 Da D 2 7 F LT W F O T Mﬁﬂj SHV, Lase [ LEEAREEE 23 15 47
.30 23 B D NEIZ EMERR Tl 2.4440.66 & 2.03+0.54 &  ESBLs FEA KR D 1.72+0.41 & 1.79+0.19
Sl ol il _@Mﬁ}: molee —J CTX MK HKS 7 F 0D 370 Da D> 7 F Vi
z@‘@r%kﬂi#ﬁm AT ESBLs BEAEKE D Iygo1d, L Z L OEEARRER T 0.7440.19 & 0.68+0.19
L7015 3 [E OBEAEFH] TS E.coli FEYERR & ﬂ%’rﬁﬁ@@l‘ k72572, K pneumoniae % ]
W5 & Fig 16(e)TRT & 912, Lase IXHEARRFREI DY 15 43 [ 30 73 I DNEIZ & MK T 5.34+1.54
& 3.75+1.67, ESBLs PFEAERKTIL 2.56£1.25 & 2.50+0.70 & foc V. E.coli Ffﬁnﬂei v OME
s Lize —Ji, o . E. coli #EHEGERE & [FIARIZEMER T3 S e o 7ozt L,
ESBLs PEARKRILE I Z L ORI T 1.14+0.28 é: 1.48+0.37 & E. coli R YERE R & [RIFRE D
E% 7R LTz, P mirabilis % A% & | Fig. 16(AIZRT X 912, Lise IZRERRERRI2S 15 43, 30

I DNEIZEMERE T 3.61+1.11 & 3.65+0.82, ESBLs FE/ERET 2.69£0.91 & 3.19+0.57 & K.
pneumoniae *IT X720 E. coli BEVEERE LV mVME & 72 o 72, Liold. E. coli BEVEGERE &
AR IR TR S22 2r o 7o DI xf L, ESBLs PEAKIT E N Eh O Bk f#] T
1.96+0.50 & 2.86+0.50 & E. coli HEVEF R X ‘%Mﬁf‘zﬁ;oto

CPDX # M5 & | Fig. 17T~ T L 91T, ERIRSBERK E. coli Tl CPDX FENNIK 53l
H2R D 428 Da [ZW IV DK T H B S U, Log (FHEAREFR 23 15 53 [, 30 59 [ ONEIZ &R
T 2.50£0.76 & 2.62+0.39, ESBLs FEAERED 1.9540.44 & 2.14+0.46 L U mwﬁfz!@oto -
B KGR > 7 F v 0D 370 Da D > 7 F VISR Clrim i & 4v9, ESBLs FEARE
D Iy b, TN OHEfREFR T 0.58+0.18 &£ 0.59£0.17 £ EWERZ /R L. E. coli FEEUERFE
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ERIFREEDIETH > 7=, K. pneumoniae % > % & | Fig. 17(c)ZRT L DT, Luos [T HEMAREER]
25 15 43[8. 30 2 M O NEIZ MR T 5.0041.01 & 4.62+0.82, ESBLs PEAML TIX 3.16£0.70 &
3.50+0.76 £ 720 | E. coli t%ﬁ*ﬁkot DEVMEZE R LTz, — . Lol E. coli FEVEEFE & [F]
FRICEMERR CIE i S o 7o DTkt L, ESBLs PEAERK TIXZ AU E 4L DMl [ <
1.17+0.38 & 1.33+0.59 & E. coli BEYERK L 0 mVME & 72 > 72, P mirabilis % % & | Fig.
17( DR T K 91T Laos X HEARIRE T 25 15 438, 30 5 T D NELZ AR C 3.53+1.63 & 3.83+1.06,
ESBLs PE/EFK T 4.13+1.81 & 3.27+0.99 & K. pneumoniae ¥2 TIL72W DS E. coli BEVEFE L D
EVME & 72 o7, I lX. E. coli BEYERERE & [RIARIZEMERR CIIBHI S L2 0> T2 D% L,
ESBLs FEAERKIT T Z A O REAREER] T 2.57£1.06 & 2.45+0.87 & E. coli FEMEREK LV @V MVE
Thol,

PIPC # 2% & | Fig. 18I T K 91T, EEIRTBERR E. coli TiX PIPC FENN/K 3 ff i) H
D 540 Da lZWT O TH R S 4, Lol i&ﬁiﬁf"ﬁﬂ 15 43, 30 43R D NELZ MR D
7#77C 1.54£0.70 & 1.22+0.35, ESBLs F%ﬁk@ 0.96+0.52 & 0.89+0.58 L ¥ mu\fﬁﬂ@oko
— 7 KGR E Sk > 7 v D 580 Da lZ31F % v 7 WV ITEMERE CTIERR ] 47T, ESBLs
FEAERRE TIE, Isgo (XZZ N E I DO BEMREFRH T 0.31£0.11 & 0.40+0.15 TH Y | E. coli FEAEFEE L&
ﬂ*%ﬁ;Oﬂﬁ’C“}bof:O K. pneumoniae % A% & | Fig. 18(c)ZnT K 91T Iso IFHEMAREER] 23

i, 30 R ONAEIC, BEMERE T 2.23+£0.62 & 2.50+0.43, ESBLs FEAERK Tl 1.47£0.17 &
1.14£0.34 L 720 | E. coli i%ﬁ*ﬂ%ot DEVMEZE R LTz, — . Issold. E. coli FEVEEFE & [A]
FRICIEMERR ClEi S e o 7o D IZxt L. ESBLs FEAERK TIXZ AU E 1L D fil s ] ¢
0.50+0.20 & 0.79+0.37 & E. coli fEHEREK L U mVME & 72 572, P mirabilis Z i\ % & | Fig.
18(ANT /R T K D 1T Lsao (FHERRIRER A3 15 438, 30 43 DNEIZJEMERE T 2.06+£0.81 & 2.46+0.48,
ESBLs PEAFE T 1.1440.56 & 1.39£0.27 &£ 72V | K. pneumoniae T2 TIX72\W ) E. coli BEHERS
BRIV EVME & e o7z, IssolE. E. coli BEHERRR & [RIER IR TIIM I S22 dr o 72 DI
%t L. ESBLs FEARKITE I Z 1L ORI T 0.63+0.23 }: 0.87+0.21 & E. coli FEERE LV
EWVMETH - 7=,

MEPM 1 Fig. 19 1Z7RF K 912, E. coli DIEMKII RIS D 406 Da D> 7 F i g
ALORET BRI S 4V, Laos [T HEARIRFAT DN 15 43 [, 30 53 W] O MEIZ AR C 0.40+£0.11 & 0.37+0.15,
ESBLs FEARK 0.27+0.06 &£ 0.34+0.12 X720 | E. coli Fﬁﬁlﬁe EIFEFRICMETH -7, Sk
SRR D 358 Da DL 7 F L, B & ESBLs EAKOWTIZEBW T LR S
7257, K. pneumoniae & P mirabilis % T HRROFER TH -T2,

RIZ E. coli, K. pneumoniae, P.mirabilis DEGIRSTBERRIZ T LT, K53 8 d ok o FE %t
77“»%@“%5#%% SRR O 7 VR TR 5 2 & TR Y LR EE A

B UL KSR DAFAEE 2 Wi L Lo, SR EEICR L CRL RIR e TR
L. meansxSD T#H7t L7z, CTX I Lo/ lisss CPDX I Lizof Lng. PIPC I3 Isso/ Isso. MEPM [
Liss/ laos T D, BRI BEKAE O 7 /LB I % Fig. 20 & Fig. 21 12779, Fig. 20(a)
(2R 15 4y AR EEARIE D CTX @ Lygo/luse 1. BEVERE, ESBLs FEARE, 7 T 7 T VERIFAE
@ ESBLs FEAMKDIAIZ, E. coli TIiE 0.09+0.02, 0.47+0.18, MHEZELIF L7220 | K
pneumoniae ClE 0.10£0.03,0.49+0.14,0.03+£0.01 & 72 ¥ | P. mirabilis T%,0.08+0.05,0.75+0.11,
0.02+0.01 & 720 WO EFETH ESBLs FEARED 7 MBEMERRIZHL R THEIZE WA R &
72572 (p<0.01), Fig. 20(b)iZ/" 3 CPDX O Iypo/las 1%, J&MERE, ESBLs FEARE, 777 7 v
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FA{FAE T @ ESBLs FEARRDIAIZ | E. coli TiX, 0.07+0.02, 0.32+0.08, RHEELL T & 720 |
K. pneumoniae TIiZ 0.04+0.01, 0.36+0.06, 0.01£0.01 & 72V . P mirabilis TiZ 0.05+0.03,
0.68+0.18, 0.04+0.07 £ 720 | WL OFEFETH ESBLs FEAEKD 7 NEMRIZHE R THEI
EWAER L 72572 (p<0.01), Fig. 21 (2753 PIPC D Isgo/Isao 1. MR, ESBLs BEAERRDIIE
2. E. coli Tlix, MHEELIT & 0.52+0.27 . K. pneumoniae Tl%, 0.05+0.03 & 1.18+0.30,
P. mirabilis T, 0.04+0.04 & 0.64£0.27 £ 720 WTHOEFE T ESBLs EARKED J7 03
PRRICHERTHEICEWER E o7 (p<0.01), AT 4 7 ar ba—/L®D MEPM I,
358 Da oy 7 FANBRHI S NN END, WTILOBEMEIZIBW TS Liss/ Lo EHIZO0 & 72
V. ESBLs PEAERK & BMERRIIMREELL N CTh o 72,

&2 E. coli, K. pneumoniae, P. mirabilis DGR TEERICKT LT, 15 oA L7- & X
DETLHIEDNIK R K D > 7 F VIR 2 kit S 7= MK 3 i ok o 7 - Vi i
LRGSR > 7 F VIR ORI TR LT B (1 /T ) 27 2 > b L, HHOFY
& & BHIT Fig22 (1o d,

CTX D Ly/lsr0.as6: a7y TEIEL EEIERR, ESBLs PEAEMRDIAIZ E. coli TIE 0.05 + 0.02, 0.26
+0.05, K. pneumoniae TIX 0.05+0.05, 0.28+0.06, P. mirabilis TiX 0.06+0.05, 0.36+0.07
TdH o7, CPDX D Lo/l 10405450y TEIE BEPERR, ESBLs FEADNAIC E. coli 0.04 £ 0.02,

0.14+0.07, K. pneumoniae T(% 0.02+0.01, 0.20+0.03, P. mirabilis T/% 0.03+0.02, 0.34+

0.08 Th o7,
PIPC @ I.. /1 VX, EMERR . ESBLs FEAEREDIELZ E. coli 0.00+0.00, 0.29+0.18,

580" 7(540+562 +580)

K. pneumoniae TI% 0.04+0.03, 0.42+0.12, P. mirabilis T1% 0.02+0.05, 0.41+£0.17 TH >
7o
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2-3 E8

JEYYETR I BT, B DO TR IR B0 T2 W HIE B O /AR 0N EBRA IR & 72 [
Lo TS, ARIFFETIE, ZAIMMERE OB 72 e FHREO B2 S 2 AT 72 OI2H
PR E A OB D | FERNESZ MR O R R 2 IS 5 72D )ik L LT, MALDI-
TOF MS Z Wz T O RF 21T - 72,

WA Z MR, FIA4 L= b2 AWMk ELE FIA4 L —NIRBET2HE %
1RFEICE=2 Y 7 L, ZORE RN O I FEANE S R 21T 5 AR
IYNTHEE & N2 071513 8 D, ESBLs FEAE R ORI HIL, EKIETIZ CTX & CPDX & b1
96% T D DITxF LT, ARSI EE 2 W THIEIZ RV T 5 RFH# IS CTX O
HERN 75% TH 5 DIZxt L CPDX TlX 96% Tdh D L ME SN TV D 2 BHEROE WL,
CPDX O 55 CTX XV ESBLs FEAEZI AT WAREMZET L0 EEZ LD, £
Z T, AWFECTRRITT 2 HE KA CTX ICIA T Fig 2 [CRT 87 7 B AR U RHIEKD
CPDX &= U U RHEHED PIPC ZHWN, *HT 47 a3 hr—/L& LT ESBLs FEA
WNOEAIND BTV X ~—BILHMINR NI LR LARGIEIED MEPM 2 W %
L,

MALDI Biotyper® Ci%, CTX I%455.9 Da & 477.8 Da (¥ 7 ANl S (Fig. 5). [A
FETE % N2 JEATAIFE 29 0 456.1Da & 478.1Da & [FEEDFER & 72 7=, F7=. VITEK®MS
OHEICBNT A UEREMLICS 7 FABRBRENT- 2V, ZAbDy 7 Fid, AR
BEKFTHONVEF ST — T =4 L LTFEET D CTX BA A bR crm ko
IR ET T T Y T AL FUAIERE U CTFEET 2 Z S ICHkT 5 2V, CTX Z &% E.
coli ATCC®25922 & H4fili9~2% & | 456.0Da & 478.0 Da (23 7 F /L 3@l & 4u. ESBLs PEARE
TH D E coliNCTC13462 EHfilisEH L, ZNHDY 7 FNMIZIAZT370.1Da & 414.0 Da
ZH Tl VR BR S iz, X, VITEK® MS TOfRER EFE L TH Y MALDI
Biotyper® CHILH K 5 = & 23R8 S 4172, CTX % ESBLs PEAFE & Bifih S W 7= BRI H 7212 H
BLv 7, LLFOISHE TR &b (Fig.23) 2V, CTX (Fig. 23(a)) 1% ESBLs
FEAERRMEAT D B 77 X ~—FBIZ X - TG ZE=Z T, MEBRIEKG 2R CRBEE &
413.1Da  (Fig.23(c)) & 725, & BITWURFELISIC LD FEEE & 369.1 Da  (Fig.23(d)) &
2%, ZOREABILIIGTE DERMY (Fig. 23(c) & Ziuicki < BB S IZ & 0 ARk (Fig.
23 (d) &7 5D,

Etxtgt L 9% CPDX, PIPC, MEPM I%, Z#Z41 428.0 Da, 539.6 Da, 406.2 Da 24
EEOIENAK B D > 7 F Ve nBlilll S v7- (Fig. 10(a) ~ Fig. 12(a)), 24U 51X Fig. 2
ISR T EMEROBEEELRASOMETHY . WTFROFEEK S MALDI Biotyper® THitH
ARETH 7=, WIT, BPUEIIZH LT ESBLs FEAEREHMPEAT D B 77 X ~—BIZ LD
KGR B 2 BB L7z, CPDX X JEATAIFZE 2 1238\ C. CPDX D IENK Iy @itk s 7
M7 e b UAHIA (IM+H]Y) & LT 428.5 Da (K3t sk s 7 F it 7 v b A0
B (Mpe-X+H]") & LT 370.5Da 2 S TH Y . PIPC®DIENK G REY K> 7 F v
I3 b U U AL A AR ([M+Nal+) & LT 540.2 Da (SR H S, K fiE# ks 7
FE 2 DT N U 7 AA AN L 72 [My+2Nal+ & LT 580.2 Da (ZHiH STV 5,
CPDX & PIPC % ESBLs FEERE E. coli NCTC13462 Bk & 30 sy BB+ % L. CPDX T
1% 428.0 Da & 370.1 Da (23 7 T /ADEMl 4L (Fig. 10), PIPC Tl 539.9 Da 35 L 11 579.6
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Da 2 7 FAREH S 7= (Fig 11), 2SOV 7 /UL eiTifge L REkOFERTH V|
EEERLELAEBTHZ LD, BHEKOIEMAKSBYE K 7 F L X ONKS Y
Bk 7P ARBREEINTHnD D EE 2 LD, FLEEO(LHEEICEHT 5 L, CPDX
X CTX O~Ta SNEEROINLVEAFULEIC T o F LENT ZAT LS TEAINT
WHZ LTz, R~TagBOH VR UBRT AT VN A NF VERICERI NG L 7o
TW5, RFFEIZEWT CTX & CPDX TRBROFERPFHI LN &N D, 2 b OEREMR
X, MKGIREERICE D B T 7 ¥ DEBRONMKSMRERINC B RF S VWb O LRI
%, MEPM TiZ, AFREEK, BYERD E. coli ATCC®25922 Wi 35 & 1Y ESBLs PEAFE E.
coli NCTC13462 SR D\ 341 & 30 43[R #EEil L C % 406.0 DalZ > 7 L 23 @ S v 7z (Fig.
12), ZHhiE, Fig 2R TRHEBERE LIZIEFR UEE2 R L, 1778 2 T 6 MK Y
Bk 7 F v T b U 7 LA F AR ([M+Na]?) & LT 406.1Da i S Tnb, %
7. ESBLs PE/ERR & #2h U CH 7= 72 7 VI3 B & d°. MEPM 2% ESBLs PEAZ I O pE
BTHB T —BIIOMENNZ EERKM LR E T, UELY, BT 7 E
ARY RPUEIKD CTX & CPDX, BLO_=2 VU RAPUHE I D PIPC S ESBLs MEA T IC
X 2K 53R % 5% 1) . MALDI Biotyper® TZ OWEEZL AR Z D Z ENARETH Y . X 4T
47 aryba—E LTHANRNRLARTEIED MEPM £ RETH D Z ENHA LN E
rot,

MALDI-TOF MS [ZZE{E D Re I, B CHE R TRl SN D > 7T VRIEDN R 5,
PUREIE D > 7 VBB EE % Wik 3 5 72 D ITIX NI M E 2 3% 8 L CHRIE OREREL 21T\,
FARF S 7 F VR L LTl T 5 2 ENEE LW NEEYE 2~ b U v 7 2 ((HCCA)
2) DT FIVIREE & FIVCTHIRE & 7 F V58 & L. ESBLs FEAR B OVl ik HHVE A e sz L 72
W LinL, (HCCA) » iZHiHIKIC AR TRREIEFIME L, MS A7 ML ETHERD > 7
FOVEREE X 0 X502 E, (HCCA) L IZE DA F -2 NEEEE E LT, R4 7L —
N RAFDPD-1 FIZ[EFE S AL EN BGERRE Lo, AR OMEE LR 9 FKHD
25, MS A7 ML BIZIHHFEX G OPE KB RO B &EMLIZ Y 7 F V&R S 720 IPM
EERAL., Bt TO0EEDO T I NARE L RRRED Y I ARE e D KO CTX
& CPDX (Zxf LT 32 pg /mL OIREZMHEH L, > 7 F/BE MR PIPC 38 XX MEPM T
1%, 16 pg/mL OFERE A U TS 7 LsiE (1, : x ITEEBREL) 2RO,

ESBLs JEAHOMEAT S B T2 H~—PICL D, B T2 LRFEED MK ST
PEfbE AR L CHEIT 5, 207, iR & T 2HEEOIEMAK SRR kD> 7 F
JUVBREE S K OVINAK i e D > 7 F VSR EE T HEMM R OB A Z T A5 b D EE 2 b b,
CTX Z % & Fig. 7129 X 91T E. coli BEHEFE K D ESBLs FEAE T & LR RE K A7
CTX DK EY D > 7 FIVEREE DS L7223, 60 45 ] OBk T Lz, 2.
AR AR < 25 &, SLEEONMKGIRFISHIZ E BRI ES, mibxtg s L
VTNV OMEEEROFIERENED Lo b O L LS5, ESBLs FEAERK & MR OB
TR 2 15 R E 30 s CRFTT A 2 & & Lz, CTX IE Fig. 16 1273 X912, E
coli DEFIRFTBERRTIX. 15 50 & 30 3V A DMK C & | FEINAK S il 4 i >k D F8
7T OVEREE I XRAMERR D 7 28 ESBLs PEARR K 0 mVME 2R L2 DICxkt L, Ik oy i i sk
D7 F X, ESBLs BEEAKTOARBII S, ZOFE% S 7 ViR T EfRFEIc L 67
FIEE CMEE R Uz, [RIEEORERD K. pneumoniae & P. mirabilis THFRO LN, DI &
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1%, BRI ZTBERR S ESBLs BEAEK TH 22008 9 2 OHRINZ, 456Da & 370Da DY 7 F V%
fEHATRETH D Z LA EKR L TWD, £/, PlE3E L LT CPDX £721% PIPC ZH 1 TH
Fig. 17 B8 X O Fig. 18 [T R T L 512, CTX ERRDFER L role, XHT 47T ar br—)L
® MEPM (. Fig. 19 12" T X912, WTFNOEFE, W oRIZB W TH IEIK S @Y H
KO T FNORBBRS Tz, LLEXY | HUEIEE 15 o2 2 & T, SUREFEOIEN
KRR SED > 7 F v LMK D S 7 F v & W T, ESBLs BEAEKKTH 2 0045
INEHBITE D Z EDRBEINTZ, P mirabilis \ZEB 35 &, NUKSEYHEROFAX S 7
FIVBREE L, CTX & CPDX IZ8WNT E. coli 3 L N K. pneumoniae &V /&< . PIPC (28T
E.coli XV &< K pneumoniae L RIFEFELTpoTz, Z DI &L, BREIC XV INK fifEESRE PE
AR E T PEAR SIVTE K R SE D HLRH SIS KT T DIEEN R 5 Z L2 BEHR L TRV |
FERE S 7T VIREEIT Z AL & OFE W & BRI SO L TN 5 ATREPE DS R S Tz,

Fxt s 7 VBB, HIE RN ffﬁé#mmAMWitimm TR DU A SR
LTWD 2 EMb, KGR DAL Z a5 72 DI K sk OFExE s 7
TV EE A FENK 3 Sk OFEXF O > 7 f/vaﬁg;m%fm 2: . Fig.20 & Fig.21 12”9 &
N, WTNOREETH ARG E LT X TOFREIEIZIB T, ESBLs FEEAKD A

BRIV BRICKRERME L 72 o7 (p<0.01), E7 72 AR Y VRHEHKD CTX & CPDX

6i\F1g. 20 (Z7~9° X 912 ESBLs FEAERKDAR R > 7 VBRE LLIXEREIC L W RE SRR |
P. mirabilis X E. coli X° K. pneumoniae ® 2 5 < R&E @t /o7, £z, p7 7 ¥4 ~—F
IEMEDOREAITH D CLA HAFT Tlk, BMERR S FRRE O E TIRT L, #AlRFR %2 30 4
EELCLTYH, O TH -7, Fig. 21 TRT L= U RPEHKD PIPC T
H, WITNOBEMIZE T, Fxtsy 7 VIR T ESBLs FEARE D 7 2NEMERE X 0 A&
ICRE ML 72572, LLEX D ESBLs BEARRIZ I THIE RWNIZHLE DMK DY) H
HEIWZELFETDHZEBHLNE o7z,

ESBLs FEARK CTHIKR DR DAFTEH N E L 725 2 L h . KSR B> 7 F Vi
% KSR Sk 7 v L IEK S iR Sk o %/vm@‘%ml&%#é & T, RERR
& ESBLs PEAERKROHIB 24T - 72, Fig. 22 (24 K 5 IZEMERRIL CTX Tid 0.11 Kiili, CPDX
F LU PIPC TiX 0.06 AKiifi & 72V | ESBLs Eé*ﬁk& zL~/\7 v 752 R KRS
ZEMHIBMNETR ST,

LLEX Y| E.coli BEMER IR 2 I TR TE U 7 St 2 B R /0 BIERR O HIBINIZ 3 ¢ & | HIEIC
L 15 O CEMTE 5 Z ENRBINT,
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BIE R A V7o S O RaE R H 5 i D RREt

P S & HIBRBIK 2 15 Rl S 25 Z & ©, ESBLs FEAER 21BN TE 7243, Pk
x5 MIC fERFEEZ R LTS HOD, Bip s v 7 F VIR 2R3 ERAEE Lz,
MALDI-TOF MS Tl =7z o 7 F B8, WIERN OB S & 3 D E L2 FFoHiH
WEMOZONRBENEEZKML TWVD I END, ZOEVWAEERED 5 \WITRERIEED
EWIZRKT 5 LB 272, RETIX ESBLs FEARMEATH B 77 ¥~—BIZEB LT,
BT H~—EOMHFIELBZR L, BARRE L SEEEEA1TD T, K0 R I AR
WOFIEOFEA BT L2 EME Lz, WEBRMEIZIE, #RELTL 72 x5 H
VN, SR IBEYMIE ORR & U CHE 2T U7 R 2 V., BRI 3R B R Y O JR
R Tz,

3-1 ERGE

3-1-1  ARBRE

PEAERFRIZ, ESBLs PE/ERRE & LT E. coliNCTC13462 % | J&Mkk & L C E. coli ATCC®25922
A U7z, BRIRTHERR 1. ERECE G IR PR B Rt TR /0B S 41-80°C TR
RAFE 72 MRSA, MSSA. Enterococcus faecalis, Enterococcus feacium % L | SEERICIE,
N FFor—RA YA 5%IMIEFERM (HABD) [C8&Ffith, 35°CT—BrFAIE# Lo
=—z M,

3-1-2 JRRIK

BRIR AR AL, EREE R G IR BT B BT T 2022 4F 1 A 226 2022 4F 6 A £ TIZERIR
L 0HE, 77 LY TIHNHTE BHEIC X DRSSz 15 Bk & 20 8~
50 RO B L O IRB X OMIRIR AR 2 AV, ARSI D280, EHREERAIH
Bt FEOuERE PRI E S OKE GRRE T 5 650 ) &1 THEM LI,

3-1-3  fE PR3

AR Z VERBR I L= Prd 3 2 DL ISR d,
ABPC. AMK. AZT. CAZ. CEZ, CXM. CFPM, CMZ. CPDX-PR. CTRX. CTX. GM,
IPM. LMOX. LVFX. CPFX. MEPM. MINO, PIPC. Colistin (CL). SBT/ABPC,
Ceftolozane/Tazobactam (CTLZ/TAZ). ST. TAZ/PIPC,

MALDI-TOF MS (2 X % HAIMMIEFE OB ICIE, FT7 4 7 L— RSP DPD-1 G L
BRAEAE) OBRGEHR IRICE, %R KT A 7 L— F P DPE-1 CEBHbFE S H)
IZ[EFE S TS CTX, CPDX, CPR, MEPM @ 4 ff 4 Hu 7z,

3-1-4  FEHIEz MR

FEBRITAE U 72 A O AN X, DL NIRRT HIETCHELZ, BD 7o=y 7 X ™
7T D3 HT 47 NMIC-440 /X3 )V (HA BD) % A\, & HBREEZERAE S 27 A BD
Z7x=v 27 A (HABD) fEEAEARETMIC 2 HlE L7z, CLSIM07-A9 M100-S26%9
IZHEHL L T MIC % % & (/&M Susceptible, WAL © Intermediate, TP : Resistant
BT TV =T T2, RBRPERIL, 2=V U RPUEHE D ABPC, PIPC, <=3 U »%&Hl
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# 3 AFI D SBT/ABPC, CTLZ/TAZ, TAZ/PIPC, &7 7 v AR YV RHIFHIK D CEZ, CXM,
CTX. CAZ. CPDX. CTRX. CFPM. B 7 7 ~A > U ZRHEHED CMZ, FF ¥t 7= 2%
PUEID LMOX, &/ 7 ¥ ARPIEHIED AZT, TV RLARPIEIED IPM, MEPM,
7R BB ARPUE SO AMK, GM, == —% / 1 Y RHiE# O LVFX, CPFX, 7 7% A1
7 U VRPLEIED MINO, KU T F RRPLFAHIED CL, STHHFID ST & Lz,

3-1-5 KRB RAES X ORATHEE G A

FERITHE U 72 A O R B I X OVCRA B T O IE. 2-4-2 ORBIAfERBA R
LY 2-4-3 @D blacrxm group [ ZFLHE L7 HIETRIE Lz, 7238, 5 2 % T blactx-m group D¥]
BN L7c v ¥ —=7 A®ESBL Bfn M F v b OPGEF IV, RIEMD D
¥ —=7 AESBL Bl Rt & v b 2 (BRI RS ) 2 Wi, 77T A ~—78 blacrx-
M-25 group. blactx-m chimeras blactxmo1 group ¥ &K T8 blacrx-ms group 75 A - 7= Reaction mixture

1 & blasuv. blactx-m-2 group  blactx-wm.o group, blages 3 X TN blarem 73 A - 72 Reaction mixture
2 & 7oty BEKOFREESOWE HIEICETIT R0,

3-1-6 B 77 X~—¥OMH ik

HOSHRE LT, ABEEAK, L7 e X, REEZHEHL T, McFarland 1 O k& &£
(ZFRHE L 7o A% 1 mL % 14,000 rpm C 10 srfElim O o BEL 72, RiEakRE®, PBS () 1
mL THEF L, FEE LB TRAZ 2BV IK Lz, EEZRER, ¥ o7 Ehatss
BugBuster® Protein Extraction Reagent (A /L2 ) 100 uL ZJ&F0 L 7=, 10 73§ E % 14,000 rpm
T 10 47z 0B L. Pierce™ Micro-Spin Columns % H VT _E{E 72> & SmiG I pk 77 % Br
ELT, P77 ~—CHIHKEZER L, 322205 3-2-8 DRFHIH A L7-, 725329 &
3-2-10 ORREFCIEL, [A UFHFEKE 10 mL % VT 3,400 rpm T 10 4y [ D orBERL . BiG 2B
FL7, PBS (1) ImLZHAWTiEEE 1.5mL~A 27 02F2—7I12B L, PBS(-) TOWHET
PR IT ERE &R U HETITo 7,

3-1-7  MALDI-TOF MS % H\ 7= i B O 1 E 7 1%

B7 7 X~—YHiHikE, F7 A7 L — FHPDPE-1 ® CTX : 32pg/mL & CPDX: 32
pg/mL @ 7 L2 100 pL, CPR: 16 ug/mL @ 7 = /L |{Z 50 puL, Cefpirome-Clavulanate

(CPR/CLA) : 4 ug/mL/4 pg/mL @ 7 /L2 25 uL, MEPM: 8 pg/mL @ 7 /L2 25 pL ¥
L7z, 35°COUFREEM T C—ERfE &%, W EE3 W 2% —7 > 7L — K MSP 9%
target polished steel BC (7 /L5 — « X)L k=27 AL IC8AF L Clo S, N %E
WEREHE 1 pL, ~ b v 7 AWK 1 pL 2 B L T HREERE S, MALDI-TOF MS OH#|E
wEbE L7,

HIERRIZ, B 2 ETHWERELZ — KR L T, BHEEONKSEYB kDT 75
JUBRE 2 S T IENNOK A R R Sk o 7 VR & IR oy R Sk S R VBRI D #E
fmckELAME 1 1 : 1) % meanstSD T# L7-,

hydro” “total

I ARG R KD > 7 L GRE -
hydro = ——— - . =D
Liotal  FEAUKSM RIS S 7 IV SREE + A SRtk D S 7 L3
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32 fER

3-2-1 FBREROKFH

ARETHH LRI, BHEFIIERET 2022 4 1 A 235 2022 45 6 AICERR X 0 IR
JUENEEDIL, 7T LY IV N B MR O 7T AR 2580 72 15 ik % H
Wiz, T OFEZ Table3 1IZRT, £D 9 B, blactxwm M1 ZRA T DL, E. coli
SHIATHY . TOMD 10 KT blacrxm MBIsF 2 RA Le o 72 5 1K 5 E. coli 73
S, 2 BIK B K. pneumoniae. 1 fAKNN O Morganella morganii, 1 HRIK G
Enterobacter cloacae MR S vz, £7=. E.coli & K. pneumoniae OFEFEFE L S 7z
AR 1 Bilkdo 572, blacrxm {5 & LT CTX-M-1 % 1 Bk, CTX-M-9 # % 4 Bk7R
7o,

322 BT 7 F LRHUEHE CPR O MS A7 FL

CTX X° CPDX tRIAMTHDIE 7 7y r AR U RPIFEHKD CPR 2 L7z L &D MS
AT MV Fig. 22T, ¥~ M) v I ADnFAF 7 F /0 (2M + H]Y) 1Z379.1 Da
B SN T, SPUEIEOIENMAK SR D S 7 F WiE, Fig. 2423 L 912, 514.9
Da & 396.1 Da \Z8IH & iz, BEYERRD E. coli ATCC®25922 O H R IR & 30 4y WHEfil L C
t . Fig 24(0) I~ & 9 ICFEMK B Sk D> 7 F /L7 514.9 Da & 396.0 Da (2Bl S
72o —J7. ESBLs FEAERRD E. coli NCTC13462 O # Bl & 30 4y M4 2% & | Fig. 24(c)
RS K DT IENK R K D > 7 F VAN 2T 369.9 Da & 323.8 Da (207K 3 fift#) B 3k
DY T F IR E T,

3-2-3 FEMBSR E LTCL 7 a2 & V7= R

SR L 7' v A F 23 AR A K %2 VT ESBLs PEAEE D E. coli NCTC13462 % B0
SHIRFOFEIED T /N, TEZ Fig. 25 1277

CTX D Lio/Lsg0ea56- 475 TEIE L7 0 AT 0.92+£0.03, AFLRHEAK TIE 0.74+£0.03 T -
72 CPDX D Ly /ls00,005 1 450) TECIEL L7 7 A TIE0.56£0.03, AEFLAHIK TIE 0.33£0.03 T
HY, CPR D 1,,/1 ETIE, L 7 1 A TIiE 0.48+0.07, EFAEH /K TIEL 0.47+0.06

370/ 13704396 + 515)
Th-oT,

3-2-4 UL & D IRIBIE O B2l [ O R

DRI & IR % 5 o7, 15 3L 30 o Ol STk o 1 M, THZ Fig. 26 12
N I

CTX D T/l 70456+ a75) TEVEL EVERRTIZ, SR RTIC £ 597 0.07~0.09 & 72 0 | ik fi]
I X 2 BT b h o7, —J7, ESBLs FEAEMKTIX, Bl 15 31T 092 L b i
L 72 o723, 30 S OEMTIZ, 0.87 LT Lz,

CPDX D Lyyo/lss0,05 -+ aso) IS BEPERR Tid, BEARIFIC & 597 0.05~0.06 & 720 | BEfikiky
FIC £ 2 B S e o dz, —J7, ESBLs EEAMK TIL, #fih 15 70T 0.56 &b &
VMl & 22 o 7273 30 S O CIE, 0.49 LTIz LT,

CPR D T;/T 37013061 515) TEIEL BPERRTIX, BARFFRHIC K 597 0.12~0.16 & 72 0 | BEfiliF(H]
I X 2 BNIEE S D hoTo, —J5, ESBLs FEARK TIxsEfih 5 /3 Ti% 0.19 & ki &
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[FIFLHE CTdo o 7o A8, HEMRIERTAS 15 230 30 D& K< 72D L0 Lo/l ss) THIT 048 35
L TN0.72 & BERRRFRUEAFRIIC R E < 72 o 72,

3-2-5 REMERMR A WO U 7o 0 B0k A IO 7o B T IR B O R E

L 7 AT O SRR Z AT~ QBRI EEICTEE L 7R O S TIE I D T /o
fi % Fig 27~Fig. 32 1T~ T,

L 7 a2 AT 10°~10° CFU/mL ([ZFA%#E L7 BB 2 5 & BEER] 15 ks
2 CTX D Iyf/lagase + a1 T1E L E. coli ATCC®25922 T3, W REIC L 57
0.08+0.02~0.16+0.04 Td > 7= (Fig. 27(a))s —J7. E. coli NCTC13462 Tl%, 10° CFU/mL LA
T T 0.13£0.02~0.15 Td > 7225, 105CFU/mL T 0.34+0.03, 10" CFU/mL C 0.84+0.03, 10°
CFU/mL T 0.93£0.02 & 72 > 7o, HfiliRFR] 30 72 CTH . Fig. 27(b)IZRnd & O (kKA 15 43
L RBR OB 2 s Lz, HARKER 15 (28105 CPDX D L/l s s a5 I E. coli
ATCC®25922 TlX. HRIEEIZ X 59 0.0540.01~0.10£0.03 TH - 7= (Fig. 28(a)), —Ji. E.
coli NCTC13462 Tix. 10° CFU/mL LA F Tl% 0.08+0.01~0.10+0.01 T - 7273, 10° CFU/mL
T 0.22+0.02, 10 CFU/mL T 0.56+0.05. 103 CFU/mL T 0.87+0.01 & 72> 7=, #EfilEER] 30 4>
T%, Fig. 28(b)CRT L O ITHEAMRER] 15 70 & [AEROME M 2 7= U7z, BliRefH] 15 512310
% CPR D Iy /Lo 515y TEIE . E coli ATCC®25922 Tl W #EIC L b5
0.06+0.03~0.12+0.04 TdH > 7= (Fig. 29(a))s —J7. E. coli NCTC13462 Tl&, 10° CFU/mL LA
T CI% 0.11£0.02~0.14+0.03 T Y . 107 CFU/mL T 0.48+0.05, 10° CFU/mL T 0.61+0.05 &
7o T, PEMIERD 30 /3 TH . Fig 29(b)IZ/R"T & 912 E. coli ATCC®25922 X [FIER DH A % 7%
L. E. coli NCTC13462 |%, 10° CFU/mL LLF 0.12+£0.02~0.13£0.04 T& v, 10° CFU/mL T
0.18+0.1, 107 CFU/mL C 0.73+0.03, 10® CFU/mL C 0.89+0.03 & 72~ 7=,

w2 ORBRIARZ AV T 10°~107 CFU/mL (ZFF%E L 7- ERRmiR % A5 & BERRER 15
SFIZBT D CTX D Ly/lgsesars 1T E. coli ATCC®25922 T, WiRREIC L 5 F
0.05+0.01~0.10£0.01 TdH >7= (Fig. 30(a)). — . E. coli NCTC13462 Ti%, 10° CFU/mL LA
T CIE 0.09+0.01~0.18+0.03 T > 7223, 10° CFU/mL T 0.60+0.03, 10" CFU/mL C 0.92+0.02
Elpodn, BEREER 30 23 CH . Fig 30(b)ICR T XL 9 (2 E. coli ATCC®25922 [ X [AIKR DfE 8] %
L. E. coliNCTC13462 %, 10* CFU/mL LA F 0. 11%0.04~0.1440.02 T& Y , 10° CFU/mL T
0.51£0.2, 10° CFU/mL C 0.85+0.03, 10’7 CFU/mL C 0.98+0.04 & 72 > 7=, #ZfillFER 15 (2817
% CPDX D Lo/l «asoy B 1L E. coli ATCC®25922 TIid, WKIREIZ L & F
0.0440.01~0.04+£0.04 TdH ~>7= (Fig. 31(a))s —J7. E. coli NCTC13462 Tl&, 10° CFU/mL LA
T 1 0.08£0.01~0.10£0.01 T& ¥, 10° CFU/mL T 0.20+0.02 T& Y . 10’ CFU/mL T 0.67+0.05
Elp oo, BEARFER 30 43 CH . Fig 31(b)IC/RT &L 91T E. coli ATCC®25922 [ X [AIER DfE A %
78 UL E. coliNCTC13462 (%, 10* CFU/mL LA F 0.09+0.02~0.10+0.01, 103 CFU/mL T 0.27+0.02,
10° CFU/mL T 0.65+0.03, 107 CFU/mL T 0.95£0.02 & 72~ 7=, #flIFR] 15 /01281 5 CPR
D Loo/s101306 515) I E. coli ATCC®25922 Ti, FEIREZIZ X 57 0.08+0.04~0.13+0.02
T o 7= (Fig. 32())., — 5. E. coli NCTCI3462 <TiL. 10* CFUmL LL F T
0.1240.04~0.12+0.02, 10°~10° CFU/mL T 0.20£0.02~0.20+0.03 & 72 ¥ . 10" CFU/mL T 0.45+0.06
Elp oz, PEAREERT 30 2y T b, Fig 32(b)ICR T XL 9 (2 E. coli ATCC®25922 [ X [RIKE DfE 8] %
KL, E. coliNCTC13462 TlZ, 10°~10* CFU/mL O iz E T 0.15+0.03~0.12+0.03 TH v |
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10° CFU/mL T 0.26+0.01. 10° CFU/mL T 0.32+0.03. 107 CFU/mL T 0.86+0.07 & 72> 7~

ESBLs FEAER D I o /1. TEEMERR L O ARICE W EZ ST RAREERREZ X, WIho
PLEHTH L7 2 2 TlE 10 CFU/ML TH o = D%t L, @ FH ORI TIE 105 CFU/mL
‘/C\\g?) D f:o

3-2-6  BEIRTEME Z W00 U 7o 20 Bk 2 -l 7o e T R B oD Bt

L 7 uRAET 3T DR EZ O THEIRREZ 10°~107 CFU/mL (ZFH#EL 72RO & HLEE
D 4o/ TEZ Fig 33~Fig. 38 12777

L 70 22 WA D & BEAREFH] 15 531280 5 CTX O Lo/l g.se s as TEIE
JEMERRE TlE. BEIEEEIC X 57 0.08£0.01~0.11+£0.01 T - 7= (Fig.33(a)), —Ji. ESBLs £
AR T 10° CFU/mL LA F T 0.09+£0.02~0.11£0.01 & 72 ¥ 105 CFU/mL T 0.20+0.01, 10" CFU/mL
T 0.44+0.2 & 72 o 7=, BRI 30 23 TH . Fig. 33029 X 9 ICHERARIFR] 15 4y & [FEED
I 2R U7z, BEARIERT 15 53123510 2 CPDX O Ly /L 500,40+ asoy 1T JEPERR C I B0
12X 57 0.09+£0.01~0.10£0.02 T ~ 7= (Fig. 34(a)), — . ESBLs FEARET 10° CFU/mL LA
T T 0.09£0.01~0.09£0.02 & 72V . 10° CFU/mL T 0.14+0.01, 10" CFU/mL T 0.33£0.01 &
7o Tz FEARIRERT 30 43T Fig. 33(b)Z R T~ & 9 (SHEMRIRERE] 15 20 & Rk OE M 2~ Lz, .,
MR 15 57123810 D CPR @ Lo/l e 515 TR RRPERR CIXE IR L 5
0.06+0.01~0.11+£0.02 Td> > 7= (Fig. 35(a))s — i, ESBLs PFEARL T 10° CFU/mL LLF Tl
0.13£0.01~0.17+0.03 £ 72 Y . 107 CFU/mL T 0.21+0.01 & 72~ 7=, #EfkEER 30 4> T, Fig.
35(O)WIART L D IR X Rk OB %2 7~ L. ESBLs BEZERKIE 10° CFU/mL T 0.12+0.02,
10*~10° CFU/mL T 0.20+0.03~0.22+0.02 T& ¥ , 10" CFU/mL T 0.38+0.02 & 72 > 7=,

i 5 D JRAR R 2 B IR I I 2 & AEARIER 15 5012380 % CTX D Lipg/Lyg.as6 a7s) TH
. IR X 59 0.07£0.03~0.10+£0.02 T& - 7= (Fig. 36(a)), —J7. ESBLs PEAKKT 10°
CFU/mL LA F T 0.10£0.01~0.16+£0.01 T& ¥, 10°CFU/mL T 0.34+0.01 & 729, 10’ CFU/mL
T 0.86+£0.07 & 727, Fig. 36(b)IZ~"T & O IR IZFEIER DA 27~ L, ESBLs FEAERK
I%. 10* CFU/mL TLL T 0.09+0.01~0.11£0.03 & 72V | 10° CFU/mL T 0.26+0.03, 10° CFU/mL
TIX 0.71£0.01 72 v, 107 CFU/mL T 0.99+0.20 & 72~ 7=, #fiREER] 15 431281 5 CPDX
D Lio/L 701408 + asoy TEVE S BRI EEZ X 57 0.07+£0.03~0.10+0.02 T - 7= (Fig. 37(a) s —J7,
ESBLs PEARE T 10° CFU/mL LA T C 0.05+£0.01~0.09+0.01 T& Y . 10° CFU/mL T 0.20+0.01
L7210 10 CFU/mL T 0.70+0.04 & 72 o 7=, Al 30 43 TH . Fig. 37T K 9 1T
PERRIZRAER OIE 2 7% L, ESBLs FEAERKIT, 10* CFU/mL CTLLF 0.05+0.01~0.05+£0.02 & 73
V. 10°CFU/mL T 0.16+0.02, 10° CFU/mL Ci% 0.48+0.05 & 72 ¥ . 107 CFU/mL T 0.960.02
Lilpode, MK 15 2128102 CPR D I/l e sis) TEIE EHEREZIC L S
0.09+0.01~0.11+£0.01 T 7= (Fig. 38(a)), — 7. ESBLs PEAMK T 10* CFU/mL LLF T
0.07£0.01~0.13£0.01 & 72 ¥ . 10° CFU/mL T 0.21£0.02, 10 CFU/mL T 0.24+0.01 T& v . 107
CFU/mL T 0.29£0.02 & 72 > 7=, e 30 /0 T, Fig. 38-(b)IT/"T K 5 ICEMERR I [RIER
DA Z 7~ L, ESBLs FEAE#EIE, 10* CFU/mL TLL T 0.13+£0.01~0.16+£0.04 & 72V | 10° CFU/mL
T 0.19£0.03 T&H Y, 10° CFU/mL T 0.22+0.03 & 72V . 107 CFU/mL T 0.58+0.03 & 72 > 7=,

ESBLs PEAEH D 1, /1 EZEMERR LY AEICEWEZ R T RARERIRE L, WTho

hydro” “total

PRI TEH L7 2 2T 10° CFU/ML Th > 7= DTkt L., s FH ORI TIZ 105 CFU/mL
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ThoT-,

327 T gr/ Lo TEASHTS™ D PERI RS KOl O 28

20 fR~50 RO B MEETIT LMD M H DIRIC E. coli ATCC®25922 Z RN T2 Rf D 4471 1 3
» Ihydro total % Fig. 39 (27”7,

o3 [R D RERRIFIR] ClE, Fig 39(a) T/ g K 5 IS CTX D Lyy/Ls50,456 4 47s) TEIE SO ARELTF D

%ﬁwﬁ%f 0.08~0.11 &£ 720, 50 fRELF DO ZMEDIR T 0.05~0.10, IR T 0.06 & 7257,

CPDX D Ly /Lsr00m 1 as0) TECHEL 50 FRELT O FHAEDIRT 0.05~0.06, 50 LA T DLEDIR
T 0.01~0.07, MJRT 0.05 TH o720 CPR D Ly/ls.06, 515 EIFEL 50 RELF OB MEDJR T
0.10~0.14, 50 fXEL F D&MD IR T 0.08~0.11, IfiLJR T 0.08 Th o7, 30 43 OHEMEERH T

IE Fig. 39(b) 29 K 21T, 15 3l O EEH & FEEDORER TH - 72,

3-2-8 I /1 AEIZXKT DT T LGIHERE R

hydro” “total
{5 DIRIC Y T LGEERE 2 0 LI B OB B D 1 /N, EZ Fig. 40 1279,
CTX & 15 4B F 7713 30 /st 5 &, 1. /1 f1XF N 24 MRSA T 0.07,

370" 7(370+456+478)
0.09, MSSA T 0.12, 0.06, E.faecalis T 0.13, 0.09 & 72V | E.faecium /I3 0Dl fH]
TH 007 THolz, WTFNORMZ CPDX &l LT, HEAIRIC L 591, /L, X
0.04~0.10 DfE & 72V . CPR EHEfiL TH 1 fE1X 0.06~0.10 DIETH Y . 7T NG
RE ORI L2 EBWNIR N2 o T2,

hydro total

329 BT/~ —BMHICEMT DMEED L /1, BEICKT 5 88

JREEEGIE BE DIRPICHFIET H2HE BN D RWEETH, WIRIRELZ BIF 52 & THhill
MEEZRmO DL EPMFEEIND, TORHDOTEELE LT, 77 ¥ ~—EHMHBRECHER
TOMARELHLT HIENB 2 b D, RIFEZ HWIEBREHIELD, L 7w A E 3w
FH ORI Z VT 103~10° CFU/mL (ZFH%E L 7= F8%9% 10 mL 25, DB X5 E O
IRfE TRROA I X 5180\ 2 JrEe s & WK & OBflRF M 4 150 & L THRE LT,

L 7w 2 CHlf#E U7c BRRBIE Tl Fig. 41 1SR L 91 CTX D Lipg/l0.as6 1 a7s) TEITFHEE
WE 1 mL O¥AEIZ, ESBLs FEAEMTH D E. coli NCTC13462 DI E /S 10°~10° CFU/mL

TIX 013 FRE L 220 | R 10 mL 2> 5 DBk X DM A4 5 &, 10° CFU/mL T
0.10£0.01, 10*CFU/mL T 0.09+0.01, 10°CFU/mL T 0.24£0.03 T& > 7=, 10°CFU/mL & 10*
CFU/mML CTZEZRO - 7=/, 10°CFU/mL TH EREE2RO T (p<0.05), —J7, IR
TdH D E. coli ATCC®25922 T 1 mL DA 10°~105CFU/mL Tl 0.13 FRE TH
V. RS 10 mL 225 OB L DIRMEZIT o TH 0.10 FRETH o 72,

fde s B O R IR CTHETE U= EIRBIE T, Fig. 42 1SR4 X 912, ESBLs BEARRTH S E.
coli NCTC13462 Tix, % E 1 mL 4. 10° CFU/mL T 0.09+0.01, 10* CFU/mL T
0.11£0.02, 10° CFU/mL T 0.18+0.02 T& v fi#&iK &£ 10 mL 7> b O BEC X D IRME 21T 9
& . 10°CFU/mL T 0.06£0.01, 10*CFU/mL T 0.19£0.01, 10°CFU/mL T 0.28+0.04 T& ~ 7=,
10° CFU/mL %D 720> 7228, 10*CFU/mL T (p<0.05), 10°CFU/mL T (p<0.01) &FH
BRIz, E. coli ATCC®25922 % RN éﬂit TR R 1| mL O412 10°~10°CFU/m
LT, 0.07 RETHY . HEE10mL S OoBEc X 2BMEE21T>TH 0.08 FLE TH

27,

21



3-2-10  FRIRMRIA Z I 7ol
RIIEING B 775 ~— Bt UITE RS IR O 1 /1, % Fig 43 127,

blactxm MBI T 2 RA L7277 LEVERE 28072 10 RiKIE, p 77 7 ~—EHhi
R LIRS 15 oyl L C b 1 /1, fEIE CTX T 0.09+£0.02, CPDX T 0.05+0.03, CPR
T0.11£0.01 THDHDIZH L. blacrxm MBInFZRAT D E. coli Z7d07= 5 iKIZ, BT
7~ —CHhhiE & U2 15 oMM 5 & 1, /1, T8I CTX T 0.96£0.02, CPDX T
0.98+0.02, CPR T 0.87+0.09 T&H o7z, 30 Syl L T 1 o /. T 15 Sy L 72
i R EFARDETH -7z, £7o. CLAHAFTTO CTX, CPDX BL R CPRD I, /T fH

hydro® “total

IZ. WPFNOBIETS 15 4R OHkT 0.11 FRE. 30 M O#fih T 0.13 FRETH - 7=,
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3-3 BE

BUE, MR O EEEAIMMEE 2 32 ik LT, MkEEE OBMER Vs« M
W22 ODHIENEMEES LTV D, 1 D03, l@ﬂm%ﬁ'ﬁ BT 2R T 2 2E8%
HHBIRTHA T A7 L FilmArray (B4 AV =2— « Uy N EH) @ BioFire M fgES
BRIV 2 ZHWALHETHY, 9 1 i European Committee on Antimicrobial
Susceptibility Testing (EUCAST)D 7 1 A 7 JLHk {5 % FEhi 9~ % Rapid antimicrobial susceptibility
testing (RAST) T®H 5, AIE 1L, HIEHEER2Y 1 B & <. 30 B & 10 FEOMHMER 1%
ETDHIENFARRTH Y, HEBAESCHANEZERBROF R L OMHBEANRRWE ORE N H
% W %L, 4 R OB R AR O HE N ATRER G AN D D | e DI
PR MBS R & OMB S B < RS R A £ TORFM A 17 RefE A S iz & ok
Mo ¥, LinLl, ZbOFEFMPEHERSITEBOBIES 7 F AR S Thirb E
MINHBETH Y, RIEPIEH I TS 10 K LA ERRE LTV D728, Sféfs s
ECORFMZET S, RETIEL, BRRIE LD 2BEE R 217 b T I AL E OFEDH
2R 5Z &2 HME L, ESBLs BFEAWMNEAT H B 774 ~—FBIZEH L TGtz
1777,

BRIR & 0 JRIBIRGYIE 2 Be VN, 77T A CREINE B ER D 777 ARRVERRE 23 S
i 15 BIED 55 blactxwm MBI 2 RA T 5K 5 BIETWTNDY E coli HS
. blactxm BB T 52 RA L2 o T2 ISKRIRD 5 6 E. coli 78 5 ¥R, K. pneumoniae 73 2
AR, Morganella morganii 73 1 ¥, Enterobacter cloacae 73 1 iR B Sz, F7=.
E. coli & K. pneumoniae ODFEEXEFRAFR M S VIR | #ifkd -7, ESBLs FEAMKI
CLSI R¥ = A > b (Fig. 1) ICFE#E ST W5 E. coli. K. pneumoniae, P mirabilis D 9 5 E.
coli DH T o7, BMERIZ. E. coli (T X2 RIEEG 5 K, K. pneumoniae 1% 2 fik, M.
morganii, E. cloacae 3EEI 1 FRIK, E. coli & K. pneumoniae @ 2 HEFEIZ K 5 JREEIFEG: 1
BIKCTH -T2, M morganii 1 ZHFREGESH T —T VIR TROND Z ENHY | E. cloacae
AT =T VEEREBETORBERENEZ ST LN HLH, 20 2 HIEL S, E coli, K.
pneumoniae, P. mirabilis \Z b ~FUITHRHBEEE 1X 372 0 ARV AmpC LB 7 7 577“—’2@$
HTHYENRB T 7 FLREEDOEGIZEY, AmpC B B 7 7 & ~—E20E T
SHHNARRXLZRPIEEZ I CDITEAED B 77 ¥ LARTUHEIEDR 22 < foﬁé%/\z’))
bHHZ N, YRR FITFER L2 WEEThH 5 3030,

MALDI-TOF MS Z HWoRaf Tl 55 2 BT L 722848 DPD-1 /3% L D IRZEH IR IC
v, Bk XKL TEH D DPE-1 /X b & AU 2, DPE-1 /NR Ui, N=v U RPTESE
@ PIPC M EAH AL TWARWW T2 D FERRIZAEE T, Hr72i2 AmpC L B 727 ¥ ~—EEARE D
HBITHEHTELAEBHEOHLHE 4 HRET7 72 AR Y U RPLEIEDO CPREHWH Z & &
L72, Z#FETIZ CPR % MALDI-TOF MS TH#T L7 ER B2 N2 D, BT 7 X~
—E &g L LIRFHT N H . MALDI-TOF MS C CPR D AINZK 43 fif SO 0 I8 B 23 AT RE
MFt L7, CPR OIENAKSEYIL 5149Da 123 7 F A &N (Fig. 24). Fig.2 (TR T
WEERLFAFEDOETH 722 LD, MALDI-TOF MS T CPR Z 53 HTH[RETH H Z & 3
52272572, CPRIZB 77 X ~—VIZLDMANMEEZZIT DL, 369.8Da & 323.8Da
ZH T T v ARl S iz, 323.8 Da DY 7 S ViE, CPR & ABRRE K F 7 12k
L THBIIS N Z LD AETORGIERNGIN LIz, —77369.8Da D2
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FiE, ABREIEKCRMERR & O TIIM AR EE MK < . ESBLs PEAERK & D HEfil TREH
RAFNTIRE N m < R o Tz, RETHMKISR E 35 CPR O 7 F vk, FENKS R ik
D7 FNELTS5149Da %, MK RBEKD > 7 e LT 369.8Dax s Z &k
L7z,

% 2 ETHWERIRZEERR O T, HUmSE & WIREI Ok 15 59T ESBLs FEAR & L
THRBITE 722, JLEEITH T 5 MIC BARMEZ R TS DD, Rip 2 7 F )Vl 2~ 3
BEMTFAE L 72, MALDI-TOF MS CEIl X7z 7 Vi, WERNOBIHxGE T 5
S FFOPIEEREL ML TWDZ EnD, ZOEVPEZERED D \WVITEREEOE N
(ZHEKS 5 & B 272, ESBLs PEAEDIEHEREK TH 5 E. coli NCTC13462 % AEBLEIE KT
McFarland 1 (23 L7-EBEBIREL Y B 7 7 ¥ ~—FBE2HH Lz 2 A, 1551 CTX & #
filt UTZRE D T/ 5000456 475 TEIE 0.7470.03 & FRREIR & ik L 72K 0.26+0.05 (5 2
BEOMRIVER) LvEmWMEL R LT, 202 X, ERER, ML B 774~
—EBEZMND Z L THRNTHEELINKDEST 2 ENARETHLZLEZEKRL TR,
R L THRHEBEZED D ZEICHES L TWD I ENRBENT, £/, 2 ETHW
723 (Fig. 22) & —fxfb L7212 K W SRR & ESBLs FEAE DHB A2 T o2 2 A, &
TFNVRELZIA =T v T 52 BRDEETR LT, 2O &b, %O
HELT, KT EHWALZEDREFHTHLILDEE XD,

EEZ WD 2 B CTOMG T, BERREIK & OARERTIX 15 20N &#E Th 5 &kt
J7n, RETIE B 77 4~—CBoMBIcLVRHEEEZED N2 &b, Bl
RO CE5AEENEEZATILOLEEZ LN D, Fig 26 T3 X912 CTX, CPDX,
BELUCPDX OWTHOHEITE 5 5Ll Lo TR kD> 7 F V248 2
52 ENTE, FFIT CTX & CPDX & 15 /M O#fiRsIZ > 7 VIR A3 i b i < . CPR
XA ORIB & L HICT T RENEIN L, 30 R oSS Kb EVEE 2o 7,
LEX Y 5 R oEEM < ESBLs PEA R O A M4 fBI 3k 2 FIREME S R S vT,
BRIR~DISHEB 2 5 &, LR IE L Otk 4 15 M E71X 30 ol & T D081 —F
VBN TORMENEND ERATRETH 2 Ll L. LIEORETTIX 5 o M O BfliRs i 4 B
SLTHRETHZEE LT,

PR &GRS D SRR D ESBLs EEAEHOF A BT 2DI2H=0 | [RPICEEND T
2 BEOWMERR S, B, BE OMEREREDRE, 5T 2 7T LR 23 E &S
RICHEBZ RIEZ SR ODERT 2MENSH D, EZ TR T MR AD AT L
Ta AL TRIBEE~OREZ R Lz, RS E LT hoORERKTYH . Fig
50T XD VABAREKE L7 e A THRIHEEICETRO NPT, 202 &iF
WD L2 B 77 &7~?%ﬁﬁb\52&%%ﬁﬁ{£ . T BEOWMERDDEA S
NTWTHORHBEICIIEELZ RIES RN EBRHL N o7z, ﬁ%%%(?)ﬁﬁ 20~50 1%
DIRIZ E. coli ATCC®25922 2R UHE L7z, Fig. 39 12”77 XL 912, CTX, CPDX B
L TOVCPR O TOIEA|T 30 O TH 7T EEIIZ 02 L FThoTz, EHIC
MRZHANTS 02 L O 7 FIVsREE L & 720 | AR MR, MR O DS :%ﬁé%nb
RN ERNDhoTo, 7T ABYERE & IS E AR, Fig. 40 (R T L0, WTho
FHITH 7 FIRRERIT 02 AT &0 7T AGEERE T OF BRI E L
WIZ ENREI T, BAEXY . RRIEPIZIIT D ESBLs AR DIF(ED A HEDH|HIIC
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PERISCAE S, MBPAEEE B DA OREFEORIENFEST 5 2 Lid/e . Y7 AmE kX
02U TFTHDZENHLMNE ST,

BHTRERDEEIT, WABREZEL W ICHEY MDD LEN S L BEEARK 1O
—DThb, L7 AT I ARER~OEHBEDE NEZRF LT L 2 A Fig.27 C
AT L DI, CTX 1% 15 43 KON 30 2 B 0BT . E. coli ATCC®25922 D B &)
10°~10% CFU/mL "CiZ 0.08+0.02~ 0.16+0.04 & FH&EIZ L O TN EL L > = DIkt L,
E. coli NCTC13462 T1E 10°~10° CFU/mL O E & T E. coli ATCC®25922 LIZIEFRIETH - 7=
23, 10°CFU/mL T 0.34+0.03 & AEIZEWVME S o7z, 72, CPDX ZH\WT%, Fig. 28
2T X I CTX [AEDOFER L 72572, CPR Z A5 & Fig. 29 [Z/”R T X 92 E. coli
ATCC®2592 1% CTX & [AEETH - 7243, E. coli NCTC13462 (% 15 4y M EEfil S B 72354,
10°~10° CFU/mL £ TIZEMERK & Zb B 72~ 725, 107 CFU/mL T 0.48+0.05 fE & A E 2 &
< 7potz, 30 M oA T, CTX 3 X N CPDX & [FA£IZ 105 CFU/mL TZENH 5 fif R
Elpole, ZOZENL, L7 R AORHWSGEITHEE TR E 72 2H &IX 10°CFU/mL T
H Y, CTX, CPDX L 15 sy M OEMAkIFEE], CPR 1% 30 43 O #EfREf] C ESBLs pEARK &
MR R CE D Z BN E R o T, BEFHEDORBEEZHWS & Fig. 30 1277 &
12, CTX TIX E. coli ATCC®25922 & OHEMBFRHIC X &3 7 BRI 0.1 LT & 7
DREEIZ K DB o T2, —J5. E. coli NCTC13462 O % 10°CFU/MmL & ¥ 5 &
27 F VR IIE 15 3 OBl T 0.18+0.03, 30 4RI DFEMRTIX 0.51£0.2 & MR L O A
BElo@m< oz, 72 CPDX £721X CPR T%, Fig. 31 8LV Fig. 32 12 "7T L 912, CTX
ERIBRDFER CTH o7z, PAELY | SHIRICBEFRIEZHWESGETH, SiEEKE D 15
RO EERRTIIBH TR E 72 2 F&1X 10CFU/mML TH 543, 30 43 M OBl FHE TIx 10°
CFU/mL & L7 e XX 0D WEHETHRIFETH D Z &R I,

52 B CIX. E. coli BEVERMRIL R B FE O BRIR 2 BERK X 0 IR ko > 75 v il
EREWRERTH 722 LD, BRRDBER COMF I TR & 72 2 B &R
FEL b aREMENDH D, L7 0 A& fW=84A. Fig 33~Fig. 35 IR T Lo, v 7
TV B LR R S BIERR O 7 SR E AR LV IRVVETH o 7o, WTROPIEIE TS 15
oy O BEfREEFE] CIE 10°CFU/mL O % £ C ESBLs FEAEFH OHBINATRETH » 7=, RIEIKE
FWT% ., Fig. 36~Fig. 38 279 L 912, 10°CFU/mL @ [F & T ESBLs FEA K OBl 23 7]
RECoholz, LAEL Y, ESBLs FEARE ORI LR EOMH TIREIX, 15 o8
fit CIL 10°CFU/mL T&H V| 30 7Ol TIX 10°CFU/mML Th 5 Z & DR I vz,

BRI AL 2 Tl RBEGYE N DN TR, 77 L2 E CRENME B B3890 6
TG A IR AN RS MR % I U C 3EAIMHPE R o A 250 5, JEANES MR I
BRLTan=—Z2 WD, KETOMRG TR, IREES EBERAE 2 EHT 5720,
RBETORENERICR D, —MKIZ, RBKEZ AW T 2 EORREIL, 1 7B 1
RO LN BA. BHOBERAETI0~10°CFUmML DREEFET 5, EdRo@v., i
RO B 15 43 OREfREER] T 10°CFU/mL, 30 43 O EER] T 105 CFU/mL TH 5 7=
. BERIGHICIED R THHEZ 14— — L2 0ER S L, RO EERRERT
FhE AT e OYRME L & LT, mOLmBEC XA EORMEHIEN S H, £ 2T, SBiRD
®Z 1lmL 75 10mLIZEE LT, @B XY EORMZIT 72, mEikE LTL
71 A% WAL 10° CFU/mL (Fig. 41), R Z 72385413 10* CFU/mL (Fig. 42) LA
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OB T ESBLs FEAMK & REMERK A H B H R 5 ATREME S R ST,

BRI 10 mL 2> 535 DBEEZ TS 721112 p 7 7 X ~—E DOt %217V, MALDI- TOF
MS C ESBLs EAERHOF A BT 2 & | BIEROBREITWTNOHFEETEH > 7 F Ll
JELEA 02 LLF O & 72 o 7=, —J5, ESBLs FEAREZ & el {RiX, CTX, CPDX T 0.9 L4
FOETHY, CPR TIX 0.7 L EDfEE R LT=, F£7-. CLA {77 F Tl ESBLs PEAEFED
EIX 02T &R, CLAIZL DEZ ST CEMR ERREDEE 2D Z LRI,
ESBLs FEARDFEICE SR TH o7, S BIZ, E. coli & E. faecalis %739 TR
(Table 3 ® E-5 B L WS-3) TH, 7 FH/AB@EKIE, CTX, CPDX, CPR ®DJIHIZ ESBLs
FEARRET 1.0, 1.0, 0.72, MR T0.08, 0.05, 0.11 L7220 | FERMRATHIFHEOEEZ
2T 5 Z & 72 < ESBLs FEAERK LMK ZHIBITE 5 Z LGN Lo T, £, D
FRENHAE L7z ESBLs PEAMZ G LMIRICB W T, L 7 a A £ 3@ & o RBIRIC S
T LGPERE A RN LIRS R & FARIS, O EE =T 5 2 & e EMERR &R+ 25 2
ENRTET, UEXY, BT 7 ¥~—FBEIZIDHIAREZ., BERBREIZEWTHMoOFEREL
fFOB R ST 5 Z L7 < BSBLs PEAMR L MR Z I TEZ 5 Z LR LN E o T,

R%ZIC, B2 EOEKZ HWTZHRENIB W T 7 VSR N R 5 R ZE O bl
A3, ESBLs EEAERMN DM LTZ B 7 7 7~ =B & HOTZAREORE T Liyo/lsseuse  a7s)
fiE1E 0.96+£0.02 & FERIZ X DEWITFRD Hiv/eh o7z, ESBLs FEARIZEBWTHEM L2
BRIZ S iR L D7 Wiy CTX IZXF3 2 MIC a7 32 pg/mL L EDOfEZ R L2 &
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Isolation culture

J_ L 35°c 16~18hours

Identification tests

Antimicrobial susceptibility tests

< L 35°c 16~18 hours

Criteria for Performance of ESBL Test
Method
Disk diffusion Broth microdilution
Medium Mueller hinton ager Mueller hinton broth
Escherichia coli, Klebsiella pneumoniae Escherichia coli, Klebsiella pneumoniae
CPDX : =17mm CPDX : =8pug/mL
CAZ : =22mm CAZ : =2pg/mL
AZT : =27mm AZT : =22pg/mL
CTX : =27mm CTX : =2pg/mL
Results
CTRX : =25mm CTRX : =22 pug/mL
Proteus mirabilis Proteus mirabilis
CPDX : =22mm CPDX : =2 pug/mL
CAZ : =22mm CAZ : =22pg/mL
CTX : =27mm CTX : =2pg/mL
J L 35°c 16~18 hours
ESBL Test
Meth:
cthod Disk diffusion Broth microdilution
Medium Mueller hinton ager Mueller hinton broth
CAZ and CAZ/CLA CAZ and CAZ/CLA
CTX and CTX/CLA CTX and CTX/CLA
Results
A > 5-mm increase in a zone diameter for| A >3 twofold concentration decrease in
either antimicrobial agent tested in an MIC for either antimicrobial agent tested
combination with clavulanate vs the zone in combination with clavulanate vs the MIC
diameter of the agent when tested alone = | of the agent when tested alone = ESBL
ESBL

2V

35°C 16~18 hours

ESBLs-producing bacteria

Fig. 1. Screening and identification test methods for the detection of Extended-
Spectrum B-Lactamase (ESBLs)-producing bacteria based on the CLSI document

(M100-S20) .
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(a) cefotaxime (CTX)

O\I‘\Ia O
Exact Mass : 477.04
O
ﬁ N (-Na:455.06 )
N-
H S

(b) cefpodoxime (CPDX)
C,1Hy;N50,8,
? Exact Mass : 557.13
N, - j: (-proxetil group:427.06)
\
HzN /ﬂ\s
(© piperacillin (PIPC)
j C,;H,4NsNaO-S
J\( ¥° o H CO=Na Exact Mass : 539.15
WH mcm (-Na:517.27)
Ne-- CHa
“« 0
(d) meropenem (MEPM)
0
. I!‘}\N’Clh C,7HysN;058
o C0eH T . Exact Mass : 383.15
H N7\
”0,_ ” + 3H:0
HiC || H H \C”B
irome (CPR
(e) cefpirome ( ) CppH,,N0:S2
0 8 Exact Mass : 515.12
Y\M h]vj/\
N-ocH,

Fig. 2. Chemical structures, molecular formula, and exact masses of
antimicrobial drugs. 33



Fig. 3. Methods for determining sensitive strain ESBLs-producing strain in the
AmpC and ESBL Detection Set.(a) Sensitive strain ( E. coli ATCC®25922)
and
(b) ESBLs-producing strain (E. coli NCTC13462).
Disc type and drug contained;
A:CPDX 10 pg
B:CPDX 10 ug + ESBL - inhibitor
C:CPDX 10 pg + AmpC - inhibitor
D:CPDX 10 pg + ESBL - inhibitor + AmpC - inhibitor
Sensitive strain : | A-B |, | A-C |, | A-D | =2 mm
ESBLs-producing strain : B-A and D-C=5 mm,
moreover | B-D | and | A-C | =4 mm
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Reaction mixture 1 Reaction mixture 2

D@ ®@ ®® N P D@ 3®® ®® N P

800 bp 713 bp

688 bp
404 bp

L] 565 bp
246 bp

Fig. 4. Electrophoresis with Cica geneus ESBL Genotype Detection KIT.

Reaction mixture 1 contains blacry ., group and blacry y.e group primers.
Reaction mixture 2 contains blaqry ., group and blacry y.g Eroup primers.

Position D: E. coli ATCC®25922
Position @: E. coli NCTC13462
Position 3): CTX-M1

Position @ : CTX-M2

Position & : CTX-M8

Position ® : CTX-M9

Position N: negative control
Position P: positive control
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Suspicion: Resistance

(+

Antimicrobial susceptibility
AmpC/ESBL ID TEST

CTX-M type gene

ESBLs-producing
strain

Exclusion

Suspicion: Sensitive

(=)

CTX-M type gene

ESBLs-producing
strain

Sensitive strain

!

V4

!

Standard strain

Standard strain

E. coli NCTC13462 E. coli ATCC®25922
Clinical isolates Clinical isolates

E. coli 10 E. coli 10

K. pneumoniae 10 K. pneumoniae 10

P. mirabilis 10 P. mirabilis 10

Fig. 5. Flow chart of classification of test strains into sensitive and extended-
spectrum P-lactamase (ESBLs)-producing strains.
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Fig.6. MALDI-TOF MS of CTX, (a) antimicrobial drug in saline (negative
control); (b) supernatant of E. coli ATCC® 25922 suspension incubated with
antimicrobial drug for 30 min; (c) supernatant of E. coli NCTC 13462 suspension
incubated with antimicrobial drug for 30 min. Gray bars indicate the positions of
mean the hydrolyzate-derived signal.
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Fig.7. Relationship between CTX signal intensity from non-
hydrolyzed and hydrolyzed products at 15 min culture (open bar),
30 min culture (shaded bar), and 60 min culture (solid bar).

(a) E. coli ATCC 25922, and (b) E. coli NCTC 13462.
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Fig. 8. Relationship between CTX signal intensity from non-hydrolysates and
hydrolysates with various volumes of sample inoculum. Open bar: 1 pL; Light
shaded bar: 2 pL; Shaded bar: 3 pL; Solid bar: 4 pL.
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Fig.9. MALDI-TOF MS of IPM in saline.
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Fig.10. MALDI-TOF MS of CPDX.

(a) antimicrobial drug in saline (negative control); (b) supernatant of E. coli
ATCC® 25922 suspension incubated with antimicrobial drug for 30 min; (c)
supernatant of E. coli NCTC 13462 suspension incubated with antimicrobial
drug for 30 min. Gray bars indicate the positions of mean the hydrolyzate-
derived signal.
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Fig.11. MALDI-TOF MS of PIPC.

(a) antimicrobial drug in saline (negative control); (b) supernatant of E. coli
ATCC® 25922 suspension incubated with antimicrobial drug for 30 min; (c)
supernatant of £. coli NCTC 13462 suspension incubated with antimicrobial
drug for 30 min. Gray bars indicate the positions of mean the hydrolyzate-
derived signal.
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Fig.12. MALDI-TOF MS of MEPM.

(a) antimicrobial drug in saline (negative control); (b) supernatant of E. coli
ATCC® 25922 suspension incubated with antimicrobial drug for 30 min; (c)
supernatant of E. coli NCTC 13462 suspension incubated with antimicrobial
drug for 30 min.
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Fig.13. Relationship between CPDX signal intensity from non-
hydrolyzed and hydrolyzed products. Incubation time: 30 min culture
(open bar) and 60 min culture (solid bar). (a) E. coli ATCC® 25922; (b) E.
coliNCTC 13462 .
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Fig. 14. Relationship between PIPC signal intensity from non-hydrolyzed
and hydrolyzed products. Incubation time: 30 min culture (open bar) and
60 min culture (solid bar). (a) E. coli ATCC® 25922 ; (b) E. coli NCTC
13462.
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Fig.15. Relationship between MEPM signal intensity from non-
hydrolyzed and hydrolyzed products. Incubation time: 30 min culture
(open bar) and 60 min culture (solid bar). (a) E. coli ATCC® 25922 ; (b)
E. coli NCTC 13462.
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Fig. 16. Relative signal intensity of CTX from non-hydrolyzed antimicrobial
drugs vs. relative signal intensity from hydrolyzed antimicrobial drugs. (a) E. coli
standard strain (ATCC® 25922, NCTC13462); (b) E. coli clinical isolate (sensitive
strains 10, ESBLs-producing strains 10); (¢) Klebsiella pneumoniae clinical
isolate (sensitive strains 10, ESBLs-producing strains 10); (d) Proteus mirabilis
clinical isolate (sensitive strains 10, ESBLs-producing strains 10);

Open bar: CTX antimicrobial drug non-hydrolyzed substance from 456 Da,

Solid bar: CTX antimicrobial drug hydrolyzed substance from 370 Da.
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Fig. 17. Relative signal intensity of CPDX from non-hydrolyzed antimicrobial
drugs vs. relative signal intensity from hydrolyzed antimicrobial drugs. (a) E. coli
standard strain (ATCC® 25922, NCTC13462); (b) E. coli clinical isolate (sensitive
strains 10, ESBLs-producing strains 10); (¢) Klebsiella pneumoniae clinical
isolate (sensitive strains 10, ESBLs-producing strains 10); (d) Proteus mirabilis
clinical isolate (sensitive strains 10, ESBLs-producing strains 10);

Open bar: CPDX antimicrobial drug non-hydrolyzed substance from 428 Da,
Solid bar : CPDX antimicrobial drug hydrolyzed substance from 370 Da.
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Fig. 18. Relative signal intensity of PIPC from non-hydrolyzed antimicrobial
drugs vs. relative signal intensity from hydrolyzed antimicrobial drugs. (a) E. coli
standard strain (ATCC® 25922, NCTC13462); (b) E. coli clinical isolate (sensitive
strains 10, ESBLs-producing strains 10); (¢) Klebsiella pneumoniae clinical
isolate (sensitive strains 10, ESBLs-producing strains 10); (d) Proteus mirabilis
clinical isolate (sensitive strains 10, ESBLs-producing strains 10).

Open bar: PIPC antimicrobial drug non-hydrolyzed substance from 540 Da,

Solid bar : PIPC antimicrobial drug hydrolyzed substance from 580 Da.
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Fig. 19. Relative signal intensity of MEPM from non-hydrolyzed antimicrobial
drugs vs. relative signal intensity from hydrolyzed antimicrobial drugs. (a) E. coli
standard strain (ATCC® 25922, NCTC13462); (b) E. coli clinical isolate (sensitive
strains 10, ESBLs-producing strains 10); (¢) Klebsiella pneumoniae clinical
isolate (sensitive strains 10, ESBLs-producing strains 10); (d) Proteus mirabilis
clinical isolate (sensitive strains 10, ESBLs-producing strains 10).

Open bar: PIPC antimicrobial drug non-hydrolyzed substance from 406 Da,

Solid bar: PIPC antimicrobial drug hydrolyzed substance from 358 Da.
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Fig. 20. Relative signal intensity ratio of antimicrobial drugs non-hydrolysate-
derived/ antimicrobial drugs hydrolysate-derived relative signal intensities in
clinical isolates at 15 min incubation for sensitive strains (open bar), ESBLs-
producing strains (solid bar), and ESBLs-producing strains in the presence of
CLA (shaded bar). (a) 155, / 145, values for clinical isolates using CTX; (b) L5, /
1,5 values for clinical isolates using CPDX.

U.D.: Undetectable

* p<0.01
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Fig. 21. Relative signal intensity ratio (Isg,/ Is4, ) of PIPC non-hydrolysate-
derived/ PIPC hydrolysate-derived relative signal intensities in clinical
isolates at 15 min incubation for sensitive strains (open bar), ESBLs-
producing strains (solid bar), and ESBLs-producing strains in the presence of
CLA (shaded bar).

U.D.: Undetectable

*p<0.01
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Fig. 22. Ratios of MALDI-TOF MS signal intensity derived from antimicrobial
hydrolysate divided by the sum of the signal intensities derived from the
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detected hydrolysate and unhydrolysed drug.

(a) CTX signal intensity at 370 Da/(456 Da + 478 Da + 370 Da);
(b) CPDX signal intensity at 370 Da/(428 Da + 450 Da + 370 Da); and
(c) PIPC signal intensity at 580 Da/(540 Da + 562 Da + 580 Da).

Solid circles indicate ESBLs-producing strains
Open circles indicate sensitive strains.
The bar represents the mean value.
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Fig. 23. Hydrolyzed metabolites of CTX 2V,

CTX (a) is hydrolyzed by p-lactamase produced by ESBLs-producing
bacteria to form B-lactam ring-opened structure (b). The structure (c), which
is formed through condensation cyclization, becomes the structure (d) by
decarboxylation.
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Fig. 24. MALDI-TOF MS of CPR.

(a) antimicrobial drug in saline (negative control); (b) supernatant of E. coli
ATCC® 25922 suspension incubated with antimicrobial drug for 30 min; (c)
supernatant of £. coli NCTC 13462 suspension incubated with
antimicrobial drug for 30 min. The extracted f-lactamase were used for the

measurements.

Gray bars indicate the positions of mean the hydrolyzate-derived signal.
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Fig. 25. Comparison of dispersions using the ratio of MALDI-TOF MS signal
intensity derived from antimicrobial hydrolysate divided by the sum of the
signal intensities derived from the detected hydrolysate and unhydrolysed drug.
CTX signal intensity at 370 Da/(456 Da + 478 Da + 370 Da); CPDX signal
intensity at 370 Da/(428 Da + 450 Da + 370 Da); and CPR signal intensity at
370 Da/(370 Da + 396 Da + 515 Da). The extracted -lactamase were used for
the measurements.

Solid circles indicate the suspension of ESBLs-producing strain (E. coli
NCTC13462) in L-broth.

Open squares indicate the suspension of ESBLs-producing strain (E. coli
NCTC13462) in saline.

Data represents the mean value = SD.
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Fig. 26. Ratios of MALDI-TOF MS signal intensity derived from
antimicrobial hydrolysate divided by the sum of the signal intensities derived
from the detected hydrolysate and unhydrolysed drug with incubation time
for 5 min (open bar), 15 min (shaded bar), and 30 min (solid bar). CTX
signal intensity at 370 Da/(456 Da + 478 Da + 370 Da); CPDX signal
intensity at 370 Da/(428 Da + 450 Da + 370 Da); and CPR signal intensity at
370 Da/(370 Da + 396 Da + 515 Da). The extracted p-lactamase were used
for the measurements.

(a) Suspension of sensitive strain (E. coli ATCC® 25922) in saline.

(b) Suspension of ESBLs-producing strain (£. coli NCTC13462) in saline.
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Fig. 27. Dilution series of bacterial volumes suspended in L-broth using the
ratio of MALDI-TOF MS signal intensity derived from CTX hydrolysate
divided by the sum of the signal intensities derived from the detected
hydrolysate and unhydrolysed drug. The incubation times were (a) 15 min
and (b) 30 min. The extracted -lactamase were used for the measurements.
Open circles indicate E. coli ATCC® 25922.

Solid circles indicate E. coli NCTC13462.
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Fig. 28. Dilution series of bacterial volumes suspended in L-broth using the
ratio of MALDI-TOF MS signal intensity derived from CPDX hydrolysate
divided by the sum of the signal intensities derived from the detected
hydrolysate and unhydrolysed drug. The incubation times were (a) 15 min
and (b) 30 min. The extracted B-lactamase were used for the measurements.
Open circles indicate E. coli ATCC® 25922.

Solid circles indicate E. coli NCTC13462.
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Fig. 29. Dilution series of bacterial volumes suspended in L-broth using the
ratio of MALDI-TOF MS signal intensity derived from CPR hydrolysate
divided by the sum of the signal intensities derived from the detected
hydrolysate and unhydrolysed drug. The incubation times were (a) 15 min
and (b) 30 min. The extracted -lactamase were used for the measurements.
Open circles indicate E. coli ATCC® 25922.

Solid circles indicate E. coli NCTC13462.
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Fig. 30. Dilution series of bacterial volumes suspended in urine samples
using the ratio of MALDI-TOF MS signal intensity derived from CTX
hydrolysate divided by the sum of the signal intensities derived from the
detected hydrolysate and unhydrolysed drug. The incubation times were (a)
15 min and (b) 30 min. The extracted B-lactamase were used for the
measurements.

Open circles indicate E. coli ATCC® 25922.

Solid circles indicate E. coli NCTC13462.
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Fig. 31. Dilution series of bacterial volumes suspended in urine samples
using the ratio of MALDI-TOF MS signal intensity derived from CPDX
hydrolysate divided by the sum of the signal intensities derived from the
detected hydrolysate and unhydrolysed drug. The incubation times were (a)
15 min and (b) 30 min The extracted f-lactamase were used for the
measurements.

Open circles indicate E. coli ATCC® 25922.

Solid circles indicate E. coli NCTC13462.
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Fig. 32. Dilution series of bacterial volumes suspended in urine samples
using the ratio of MALDI-TOF MS signal intensity derived from CPR
hydrolysate divided by the sum of the signal intensities derived from the
detected hydrolysate and unhydrolysed drug. The incubation times were (a)
15 min and (b) 30 min. The extracted B-lactamase were used for the
measurements.

Open circles indicate E. coli ATCC® 25922.

Solid circles indicate E. coli NCTC13462.
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Fig. 33. Dilution series of bacterial volumes suspended in L-broth using the
ratio of MALDI-TOF MS signal intensity derived from CTX hydrolysate
divided by the sum of the signal intensities derived from the detected
hydrolysate and unhydrolysed drug. The incubation times were (a) 15 min
and (b) 30 min. The extracted -lactamase were used for the measurements.
Open circles indicate clinical isolates of sensitive strains.

Solid circles indicate clinical isolated of ESBLs-producing strains.
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Fig. 34. Dilution series of bacterial volumes suspended in L-broth using the
ratio of MALDI-TOF MS signal intensity derived from CPDX hydrolysate
divided by the sum of the signal intensities derived from the detected
hydrolysate and unhydrolysed drug. The incubation times were (a) 15 min
and (b) 30 min. The extracted -lactamase were used for the measurements.
Open circles indicate clinical isolates of sensitive strains.

Solid circles indicate clinical isolated of ESBLs-producing strains.
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Fig. 35. Dilution series of bacterial volumes suspended in L-broth using the
ratio of MALDI-TOF MS signal intensity derived from CPR hydrolysate
divided by the sum of the signal intensities derived from the detected
hydrolysate and unhydrolysed drug. The incubation times were (a) 15 min
and (b) 30 min. The extracted -lactamase were used for the measurements.
Open circles indicate clinical isolates of sensitive strains.

Solid circles indicate clinical isolated of ESBLs-producing strains.
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Fig. 36. Dilution series of bacterial volumes suspended in urine samples
using the ratio of MALDI-TOF MS signal intensity derived from CTX
hydrolysate divided by the sum of the signal intensities derived from the
detected hydrolysate and unhydrolysed drug. The incubation times were (a)
15 min and (b) 30 min. The extracted B-lactamase were used for the
measurements.

Open circles indicate clinical isolates of sensitive strains.

Solid circles indicate clinical isolated of ESBLs-producing strains.
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Fig. 37. Dilution series of bacterial volumes suspended in urine samples
using the ratio of MALDI-TOF MS signal intensity derived from CPDX
hydrolysate divided by the sum of the signal intensities derived from the
detected hydrolysate and unhydrolysed drug. The incubation times were (a)
15 min and (b) 30 min. The extracted B-lactamase were used for the
measurements.

Open circles indicate clinical isolates of sensitive strains.

Solid circles indicate clinical isolated of ESBLs-producing strains.
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Fig. 38. Dilution series of bacterial volumes suspended in urine samples
using the ratio of MALDI-TOF MS signal intensity derived from CPR
hydrolysate divided by the sum of the signal intensities derived from the
detected hydrolysate and unhydrolysed drug. The incubation times were (a)
15 min and (b) 30 min. The extracted B-lactamase were used for the
measurements.

Open circles indicate clinical isolates of sensitive strains.

Solid circles indicate clinical isolated of ESBLs-producing strains.
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Fig. 39. The ratio of MALDI-TOF MS signal intensity derived from
antimicrobial hydrolysate divided by the sum of the signal intensities derived
from the detected hydrolysate and unhydrolysed drug for male(M) and
female(F) with different age. The incubation times were (a) 15 min and (b)
30 min. Suspension of a sensitive strain (E. coli ATCC® 25922) prepared
with healthy urine and Hematuria from men and women of all ages. The
extracted B-lactamase were used for the measurements.

Open circles indicate CTX; shaded circles indicate CPDX; and solid circles
indicate CPR.
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Fig. 40. The ratio of MALDI-TOF MS signal intensity derived from
antimicrobial hydrolysate divided by the sum of the signal intensities derived
from the detected hydrolysate and unhydrolysed drug using the suspension
both of sensitive strain (E. coli ATCC® 25922) and gram-positive coccis in
urine of healthy subjects. The incubation times were (a) 15 min and (b) 30
min. The extracted B-lactamase were used for the measurements.

Open circles indicate CTX; shaded circles indicate CPDX; and solid circles
indicate CPR.

MRSA : Methicillin-Resistant Staphylococcus aureus

MSSA : Methicillin-Susceptible Staphylococcus aureus

E. faecalis : Enterococcus faecalis

E. faecium : Enterococcus faecium
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Fig. 41. Comparison of detection sensitivity using the ratio of MALDI-
TOF MS signal intensity derived from CTX hydrolysate divided by the
sum of the signal intensities derived from the detected hydrolysate and
unhydrolysed drug with 15 min incubation. ESBLs-producing strain E.
coli NCTC13462 (a) and sensitive strain E. coli ATCC® 25922 (b) were
suspended in 1 mL (solid bar) and 10 mL (open bar) of L- broth.

The extracted B-lactamase were used for the measurements.

72



0.5

0.4

0.3

Ratio

0.2

0.1

0.0

0.5

0.4

0.3

Ratio

0.2

0.1

0.0

(a)
p<0.01
p<0.05 | |
| | T
.
103 104 105
CFU/mL
(b)
103 104 105
CFU/mL

Fig. 42. Comparison of detection sensitivity using the ratio of MALDI-
TOF MS signal intensity derived from CTX hydrolysate divided by the
sum of the signal intensities derived from the detected hydrolysate and
unhydrolysed drug with 15 min incubation. ESBLs-producing strain E.
coli NCTC13462 (a) and sensitive strain E. coli ATCC® 25922 (b) were
suspended in 1 mL (solid bar) and 10 mL (open bar) of urine samples.
The extracted B-lactamase were used for the measurements.
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Fig. 43. Ratios of MALDI-TOF MS signal intensity derived from antimicrobial
hydrolysate divided by the sum of the signal intensities derived from the
detected hydrolysate and unhydrolysed drug. The incubation times were (a) 15
min and (b) 30 min. The extracted f-lactamase were used for the measurements.
CTX signal intensity at 370 Da/(370 Da + 456 Da + 478 Da);

CPDX signal intensity at 370 Da/(370 Da + 428 Da + 450 Da);

CPR : signal intensity at 370 Da/(370 Da + 396 Da + 515 Da).

Solid circles indicate ESBLs-producing strains.

Open circles indicate sensitive strains.
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Table 1. Trends in the isolation rate of multidrug-resistant bacteria in Japan

Klebsiella pneumoniae

ear
Multi-drug resistant bacteria z
2017 2019 2021
MRSA 6.48 % | 6.47 % | 6.02 %
(Methicillin-Resistant Staphylococcus aureus) S I
CRE 0.27% | 0.33% | 0.32 %
(Carbapenem-Resistant Enterobacteriaceae) A IRk I
MDRP 0.05% | 0.04 % [ 0.03 %
(Multidrug-resistant Pseudomonas aeruginosa) A IR I
Third- ti hal in-resistant
ir g.ene.:ra 10T1 cephalosporin-resistan 2359 | 3.37% | 3.60 %
Escherichia coli
Third generation cephalosporin-resistant 038% | 0.57% | 0.79 %

Japan Nosocomial Infections Surveillance (JANIS)

Modified "Number of patients with specific resistant isolates and distribution

of isolation rates among all medical institutions”
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Table 2. Characteristics of drug susceptibility testing and genetic testing

of standard strains

Strain E. coli ATCC® 25922 | E. coli NCTC13462
Antibacterial drug Broth microdilution (pg/mL)
Penicillin ABPC —4 SE R
PIPC =2 S >64 R
B-Lactam/p- SBT/ABPC |=4/2 S >16/8 R
Lactamase inhibitor [ SBT/CPZ =0.5/8 S >32/8 R
combinations TAZ/PIPC | =4/4 S |=44 S
CEZ =2 S >16 R
CTM =0.5 S >16 R
CTX =1 S >32 R
Cephalosporin CAZ =05 S — R
CPDX =1 S >4 R
CTRX =0.5 S >32 R
CDTR =0.5 S >2 R
CPR =2 S >16 R
Cephamycin CMZ =8 S =8 S
Oxacefem LMOX =4 S =4 S
Monobactam AZT =0.5 S |>16 R
Carbapenem IPM =0.5 S =0.5 S
MEPM =0.5 S =0.5 S
Aminoglycoside AMK =4 S =4 S
GM =2 S >8 R
New quinolone LVFX =0.5 S =0.5 S
CPDX =0.5 S =0.5 S
Tetracycline MINO =0.5 S =0.5 S
Trimethoprim- ST <1/19 s |>476 R
sulfamethoxazole
AmpC/ESBL ID TEST
Sensitive strains 0 mm, 2 mm, 5 mm, 9 mm,
|A-B|, |AC|, |AD| =2mm |2mm 11 mm
ESBLs-producing strains
B-A afd D-czgs mm 0 xam, 0 mn » mm, 10 mm
2 mm, 2 mm 2 mm, | mm
| B-D | and | A-C | =4 mm

Cica geneus ESBL genotype detection kit

bla c1xm

|none

[cTX-M-2

S:Susceptible R:Resistant
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Table 3. Characterization of bacterial species detected in clinical specimens

No. Detected bacteria species bla crxm
E-1 Escherichia coli 107 CFU/mL CTX-M-9
E-2 Escherichia coli 107 CFU/mL CTX-M-9
E-3 Escherichia coli 107 CFU/mL CTX-M-1
E-4 Escherichia coli 107 CFU/mL CTX-M-9
Escherichia coli 107 CFU/mL CTX-M-9
i Enterococcus faecalis 107 CFU/mL -
Escherichia coli 107 CFU/mL None
> Coagulase negative Staphylococcus 102 CFU/mL -
Escherichia coli 107 CFU/mL None
52 Coagulase negative Staphylococcus 102 CFU/mL -
Escherichia coli 107 CFU/mL None
>3 Enterococcus faecalis 10> CFU/mL -
Escherichia coli 10° CFU/mL None
>4 o — Streptococcus 10> CFU/mL —
S-5 Klebsiella pneumoniae 107 CFU/mL None
Escherichia coli 10° CFU/mL None
>0 y — Streptococcus  10* CFU/mL —
S-7 Morganella morganii 107 CFU/mL None
S-8 Enterobacter cloacae 107 CFU/mL None
Klebsiella pneumoniae 10 CFU/mL None
> Corynebacterium sp. 10> CFU/mL —
Klebsiella pneumoniae 107 CFU/mL None
S-10 | Escherichia coli 107 CFU/mL None
Streptococcus agalactiae 10 CFU/mL —

E = ESBLs-producing strain; S = sensitive strain
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Abstract

A study of rapid detection of drug-resistant bacteria by MALDI-TOF MS

Daiki KAJI

Division of Infection Prevention and Control, Department of Healthcare, Postgraduate School of

Healthcare, Postgraduate School, Tokyo Healthcare University

BACKGROUND. In the initial treatment of infectious diseases, broad-spectrum antimicrobial agents
are sometimes administered as empiric therapy because the causative organisms have not been
identified. However, in recent years, the increase in multidrug-resistant bacteria such as extended-
spectrum B-lactamases (ESBLs)-producing bacteria has become a global problem, and there is a need
for appropriate de-escalation therapy to prevent their spread. In order to prevent their spread, de-
escalation to an appropriate antimicrobial agent should be implemented as soon as possible, and the
therapy should be changed to definitive therapy. With the widespread use of matrix-assisted laser
desorption/ionization-time-of-flight mass spectrometers (MALDI-TOF MS) in microbiological
testing, the rapidity of microbiological identification testing, but there is no general -purpose rapid
detection method for drug susceptibility testing.

OBJECTIVE. We focused on the amount of B-lactamase produced by ESBLs-producing bacteria.
The objective of this study was to determine the presence or absence of ESBLs production by
capturing the synthesis changes of B-lactams by MALDI-TOF MS for ESBLs testing. In addition, we
investigated whether ESBLs-producing bacteria can be directly identified from urine samples, and
explored the possibility of clinical application.

METHODS. Escherichia coli NCTC13462 was used as the ESBLs-producing strain and E. coli
ATCC® 25922 as the sensitive strain. The clinical isolates were 60 strains in total, 20 of which were
classified as ESBLs-producing strains and 20 of which were sensitive strains. After inoculating the
target wells of dry plates coated with each antimicrobial agent, the inoculum was placed in an aerobic
environment at 35°C. The inoculum was then incubated in the wells until 1 hour. The supernatant of
the culture was analyzed after a certain period of contact under an aerobic environment at 35°C. The
supernatant was then inoculated into the wells of a dry plate coated with each antibiotic. The
supernatant of the culture was analyzed under an aerobic environment at 35°C for a certain period of
time. L broth mixed with standard strains, dispersions of urine samples, and 15 urine samples
containing Enterobacteriaceae by Gram staining were analyzed for B-lactamase. The f-lactamase was
extracted from the culture supernatant and analyzed by MALDI Biotyper®.

RESULTS. With the antimicrobials Cefotaxime (CTX), Cefpodoxime (CPDX), Piperacillin (PIPC),
and Cefpirome (CPR), nonhydrolysate-derived signals were observed in all strains, while
hydrolysate-derived signals were observed only in ESBLs-producing strains at 15 minutes for the
ESBLs-producing strains. Dividing the hydrolysate-derived signal by the sum of the hydrolysate- and
nonhydrolysate-derived signals allowed us to distinguish between ESBLs-producing and sensitive

strains of clinical isolates without overlap. Using B-lactamase extraction from urine samples, we were
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able to discriminate ESBLs-producing and sensitive strains as well as clinical isolates, and the lower
detection limit of 10* CFU/mL of bacteria was captured.

CONCLUSIONS. This study suggested the possibility of discriminating ESBLs-producing bacteria
from sensitive bacteria using MALDI-TOF MS in a short contact time of 15 minutes with the test strains
and antimicrobial agents. It was also suggested that B-lactamase extraction from urine samples could
discriminate ESBLs-producing and susceptible bacteria similarly to the test strains. This method, which
captures the structural change of antimicrobials by hydrolytic enzymes, can be applied to bacteria that
develop resistance by the same mechanism of action, suggesting that this method can lead to rapid
detection of multidrug-resistant bacteria. This method can be applied to bacteria that develop resistance

through a similar mechanism of action.
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