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CP 2647 H 1 H52f, P 26429 A 16 H2#H)

HNINRA < —EREAR 100 BB L OFEFEER 45 ¥4 H VT, modified Hodge test (MHT)
2B 5TV & 4L (ertapenem, ERT) 74 A7 OF % F#li L 72o ERT, £ I X%
2, ABXRAL (meropenem, MEPM) 74 A2 OFEEEIX 93%, 82%, 83% TH Y, 3HD
B TERT 74 A7 ORKRENROEN Tz, ERT 71 A 713, Pseudomonas J&W 27 Pk
1 3 ¥k B X U Acinetobacter JE W 19 ¥k 2 Bk %, AV NRA < — BRI TlZ OXA-23 £l 4 frrh
ITBRBIOVIM-I B 1 2 RIETA2Z ETE LD o725, NDM-1 EAERO X ) ICEB®
B-F 7 ¥~ —ErMEEEATIHICOVTIE, Mo 2EAL D IEMHICHIT LI EHNTE
720 —7}, extended-spectrum B-lactamase # 4 1§ %> Pseudomonas B % MR & U 7z fF R
OETIE, MEPM 71 227 (43/45 %, 956%) & 9V b ERT 74 A~ (40/45 %, 889%)
DI HMEL R BEINHRD SNZD, p-F 27 ¥~ —EHEHTHL2 575 b LIk
O3 ORI X 0 BT 5 M & 1RSI ) BB R L 72e MHT © & 5 %
RHARBROHE IR AL, 72, HELZBEREN LW 2OWEZRH TERIEL S
Y& 3 5%, ERT 74 A7 (ZMHIEMAHBRTH 2 720 ESES T, Mo 23K L H bl
LB OZEPECHENFIRND B o7z B REHFEDRRE L OREHE oM 5, AR
A —CRAWOILEMERRNIESHELAEEICRS EBbNA, MAT 2B} % ERT 74 A
7 OB AFREICBIT 2 I UNRAY— AR OKRBICERTH 2 L Bbh s,
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Tl - AR %2 B2 CRIZT2MEH L T WIS H
B, 512, KEMLETHRARE, 7rvtuad oy
RT3/ Ay P EMo RSN i E
BLZZHIWERETH L Z DSV, L72dis T,
HINRAT—VEARIZ L BEYIETIX, HNVIR
A LRPUWHIC L B EENEEETH 2130 ) TR <,
REDOMHIE ORI R DI TE LV &%,
TERGIE TR K PEAHLET 2 L OME D H 5,
BUE, HATHEEEND ANVNRET —EEAR O
EIZFAENC AN D DD, HEdED & D A i
DBIMESINTBY?, BRBSIIBIT BN NRE < —
YIEER ORI EEIC R ) 20H %,

HAE, MAEWHREE CITbN TV IR E < —
PREAR OBAD: L LTid, PCR i, double disk syn-
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ergy test (DDST), modified Hodge test (MHT) 7
EWH B, L L, BHERNIHT 2 58REERW?
L EOBEDNS, —HMOH NI —EELERFHIIO
WL, DDSTIZ X 2 HEE LS50 H 50 —

#, MHT IZ2oWTIERREOMESEH I T 5

3 D®D?, Clinical and Laboratory Standards Institute
(CLSI) & F¥F a2 A MICRIESATWSEZ L, ﬁ
i CifERTETH LI EhD, BESLL OfiiRT
s Twb,

MHT (3EBIRERER D —2 T, WSk L2z
WAWNRE T —EHLER % 51E, 2RI X o Tl
WCHEW2T 4 A7 OIS NG I VNI LRI
FOATEAL SN, B — TS8R S N7 IR SR
BIZio THRET ALV FEHIZESVT WS, B
1B, 4 I X% A (imipenem, IPM), X T4 A (mero-
penem, MEPM), T %% 2 (ertapenem, ERT)
o ERHEH W SAA LRI T 4 A7 2MEH ST
WBH, TA AT OFEEIC X o THRINKESR 25 2
LR s T Y, CLSIiZ MEPM B X ' ERT
T4 A7 OFAEHERL T 5%, REFFETIE, ERT
T4 R ORABE R, BIRSEEM 145 % v C
MHT 2855 ERT 74 A7 OF Mz 5§ 5 &
E DI MAT ORENREE O % A0 THET
5o

Il #¥EsLUFE

fERAEK

D p-5 27 ¥~ —CREEER 23 kE &LV
INRA R — CRE AR 5 EERR 100 Bk (IMP-ZY 76 #%,
VIM-# 9 ¥, KPC-H 2 ¥, NDM-% 2 ¥k, OXA-#! 10
&, SMB-# 1 #, IPM 3 L < 1 MEPM @ MIC %% 05
pg/mL ML EOB) #HV7z, BEMEE LTiE, #
N A LifE %R TH PCRFICTH N NRER T —
PREBETF 2 RAE LTV W & 2L 72 Pseu-
domonas aeruginosa 20 ¥ (IPM 3 L < & MEPM @
MIC %316 pg/mL LA | @ #) B X U Enterobacter
cloacae 5# (IPM b L < & MEPM @ MIC %% 05 ug
/mL Y EORR), & 512H VNN F A EED CTX-M
UL 45 L DERR A -5 7 ¥ ~—+¥  (extended spec-
trum B-lactamase, ESBL) A NGPIAITERLATE 20 #
(Escherichia coli 17 ¥k, Klebsiella pneumoniae 3 ¥k)
(IPM 3 & U MEPM @ MIC %% 05 pg/mL il & #)
B L. B, IR —VREERHOSHEIC
DWW, IMP-E!, VIM-&, SMB-Hi X O NDM-F
i MEPM BX " A v 7 bEEREF M) 7 A (sodium
mercaptoacetic acid, SMA) % 72 DDST 2Tk

WEMHERT AL LB, PCREBLIT Y=y RIC
THEfa TR %y, KPC-H B X O OXA-RIIZDOWT
&, =22V RICTHEETR 2R L7z, ESBL i
£ W 1 cefotaxime (CTX), ceftazidime (CAZ) B
YO 575 V%W DDST I Ttk iEZRd
LB, PCRBLIUVY =27 2V A THEETR
BYE, 79 A3 AmpC Rl B-5 7 ¥ ~— YAk
BIZOWTIECTX, CAZB XU FRa y®xHwi:
DDST I ChHtEZ2MEETA & L HIZ, PCRBL VY —
7LV ATHRETFHEZRRL 7.

¥ 72, MHT O$a#EH & L T, Escherichia coli ATCC
25922 (779w %) %, BEtta v b U“‘ﬂ/ﬁik
L T Klebsiella pneumoniae ATCC BAA-1705 (=
75 o), Btka Yy ba—ukkE LT K. pneumo-
niae ATCC BAA-1706 (=775 v#t) #ZhZ
TER L7z

Modified Hodge test (MHT)

MHT (& CLSI#h &SI #EH L LT o & 5 12 FE it
L720 12 L®IZ McFarland No. 05 \Z#§% L 7: E. coli
ATCC 25922 %, Mueller Hinton (M-H) broth (Becton
Dickinson) (2T 10 f5ICAHML 720 T OFRE %
iR R b2tkal &4t T M-H agar (Becton Dick-
inson) —MIZ®HA L, KMOHEEMERL 2%, %
KO HULEBIZHH T 4 2 7 iV KRICAEH
THART, Btk =~ ~ 1 — )V (K. pneumoniae ATCC
BAA-1705) B UM bo—ntk (K pneumo-
niae ATCC BAA-1706) % ZNENT 4 X7 DI
SRR OIMI~NERRER L, 35+2C T 18+ 2 Ki[H5;
Tl B, FHFT1 A7E, £ IRRLTFTA RS
“KB 7 4 A 7 S8F IPM" (10 ug/disk, L), *
ORALF A4 A ZKB 74 A7 %F MEPM” (10 pg/
disk, HWHLEE), TV FRALRET1 A2 (10ug
/disk, FKHHLF) O 3HEE A, 215 OB
JE & i L7z,

HE X Fig 1WORT &, IR & iR L= A%
R7T LR OWEOZEAL» SN E L B2 &
4D L 720 FEEWAEMRE ISR CTT A A2 h
FIZEE L TWAEE% Bl (Fig 1-A. positive),
TR DB AR TS O BAT I BIR R <, MBI %2 K
L7=8%&% [l (Fig 1-B. negative), fREEH A
MW I -> CIHWREZR LG HEME TS
[HED 2k %] (Fig. 1-C. equivocal result), #AH
VIR ER 2 2 mm L ERBHEIN TV A%
[H%EARE] (Fig. 1-D. not-determinate result) & L
720 AHIE 1L E &%%%H 123 4T 7%y, 2 MLl
MRAEREMEONZ A ZOMBELRAL, 3N
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Fig. 1. Interpretive criteria of modified Hodge test for detecting carbapenemase-producers. The modified Hodge test
was performed according to the recommendation of the CLSI (9). E. coli ATCC 25922 was used as an indicator
strain, and IMP, MEPM or ERT disk was used as the substrate (10 pg/disk, Eiken Co., Ltd.) disk, respectively. 1.
Positive control strain (K. pneumoniae ATCC BAA-1705), 2. Negative control strain (K. pneumoniae ATCC BAA-
1706), 3. Test organism. (A) Positive result, (B) Negative result, (C) equivocal result. The inhibition pattern could
be interpreted as weak positive result by the presence of minor distortion of the growth inhibition zone (arrow).
(D) Not-determinate result due to inhibition of growth of the indicator strain. The production of carbapenemase
could be interpreted as equivocal result (not-determinate result) due to inhibition of growth of the E. coli ATCC
25922 strain alongside the streak of bacterial isolate tested (arrow).

LR BREREEEE THERY] &L
T/, BN EEED [REIZEE] 22V TIE, 2
ZOWEREF—F L2 HEOAERERAL, 24
AR HHEE LIGEIE, FORMKIEHERE ]
EL72%B, BELFERERIDTFOLIICER L.
JERE = Btk & K S N ZRE B VN R R v — B EA
e (100 Bk) 100 (%), $ERE=KEE e shi
MREL/ T oSk~ —BIEREERR (45 #k) X100 (%)

HEERRNIC L 2HEOHHA

A & u-p-3 7 ¥ % — ¥ (metalloB-lactamase,
MBL) (ZEEAH ST 5720, B~
OB O TRMIL MBL Oif %50, e LT
MR LT 5 2 EamEshTnway, 22
T, AWF%TIX, IPM, MEPM, ERT ¥4 2 7 D\
FTNIT (B TR ZEER] LR MR
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Bl L ¥ SN/ MBL EAEKRE MRS, BREENSHR
I & RS EZ R L, REEEE: (1t
MBS 2 RARE 100ug/mL & %25 X912
M-H agar IZiRIIL, FOERFEWRZ HWTMHT %
T o7z 2B, K54 2713 IPM, MEPM, ERT
T4 A7 O 3IHHE Rz,

gOx42 U EEBITTIUBBMICL3%E

DEH

ANWNRAT —BIEFEEKRIS RO I B, IPM,
MEPM, ERT ¥4 27 OWEFNHIT (Bl T4
PakER] L d PHERRE] &g S itk it
B2, BT 7 ¥~ —EHERRMIC & 25 RiE 2
KA 7zo P aeruginosa \22oW T, etttk AmpC
R B-5 27 < —EHEXTHB 7T FH¥ T~ (clox-
acillin, HRALHE LM SH) % 750 pg/disk™ & 7
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5 & 912, F72 CTX-M 8 ESBL EAEKIZOWTIZ,
ESBL DM EATH 5 7 575 ~# (clavulanic acid,
HIEHE3E) % 10 ng/disk & 7% % X 912, %4 ERT 74
A 7ML MHT %9206 L 72,

EtRITZHIRE

AT BB B 2 1T 2, p<005 2 =
EAD E L7

. #8

1. R

BN INAR R — B RELERE 100 ¥R % K512 MHT 0%
FEEME L7z ##, ERT 74 A 7 DIEFEIX 93% (93
/100 ¥k), IPM 54 A 27 1% 82% (82/100 ¥k), MEPM
T4 A71283% (83/100#k) &% Y, ERT ¥4 A~
DEEFROEN TV, $72, ERTF4 A2 13
CTX-M B ESBL % CMY-HI B-5 7 ¥~ — ¥4 LAV
NREAT—EBPUND -5 7 ¥~ — B2 FMICEET
HHEMRICBWTD, o 2H X0 S IEMEICH VIR A
< — VYRR T 52 LA TE (Tablel),

1—1. TR O e

BRI\ % He L 7245 B % Table 2 121§, B
WHITHBI R I BV Tk, BEBOB-52s~—F%
FEEAET S E coli T3 HANMIREDEDTRD S
nNzdbon, OB TIIRELEZZIRD SN o
720 — 77, Pseudomonas /& W B & UF Acinetobacter
BWICBWTIE, BAMEREEL ) REIMEL %
BENDEED bz, 3H O TIE, ERT 714 A2
Db R EE%/R L, LLF Pseudomonas J&H T
X, MEPM 714 A7 >IPM 74 A7, Acinetobacter
BHETIZIPM ¥4 27 >MEPM 4 A2 L7257
1—2. AR — Bl O K EE

HIVINRR T — B RNIKIE % i L 7245 R % Table
11ZR$o ERT 74 A2 1, NDMEH VARG < —
PREERDED, ZETDIT AL TDH VISR AY —ERE
Htk%E, 88% # M2 AIKETHRINT A LN TE
SR B L, IMP-EIA VAR I —BIEEKRTIE
—¥BD IMP-1 EAEMEMHTE L ho72d DD, £
DIEE (934%, 71/76) (X IPM &1 22 (80.3%, 61
/76) (ERT vs. IPM, p=0.016) % MEPM 71 X %
(855%, 65/76) (ERT vs. MEPM, p=0.186) &V
LEWEE 2o 2o OXARI A W NRA < — VYRR
DO T 0XA-23 DT, VIME A VSR A< —
Rtk Tt VIM-1 oI T, ERT 74 X7 D
R 7 M50 iz, o 2 FEHNZDOW
THDBE, IPM 714 A27IiE, IPM 2%, MEPM
W & v FERB R RO & N5 IMP-6 FE A Bk

T, MEPM 7 4 A 7 X OXA-23 ¥ 4= Acinetobacter
J& W CTIRIEAMK < % AEAIDSFED H L7278, E Do
R CIEM I XFIZFSORREZ R LTV,

2. $5EE

HNINRA T — BIEPELEM 45 ¥k % XF 512 MHT %
RATAER, ERT 74 A7 OFREIR, 889% (40/
45%k), IPM 7 4 A 7 13 86.7% (39/45 ¥k), MEPM
T4 A713956% (43/45%k) &, 3H|IoOH T MEPM
FARAZHIRBENT W2, FEMIICAB L, P aerugi-
nosa 20 Mkrb 18 Mk%E TRett:], 2#k% THEARE] &
L7z RE3EAMEDFLUTH - 7245 CTX-ME
ESBL #E/EM Tl MEPM 7 4 2 7 2346 [l <
HolzDIZxL, IPM 514 A2 & ERT ¥4 A7 1% 3-
4 BRI Z5E D [P RRER I L o7z BB,
E. cloacae 5HEIZoOWTIZ 3 FHA L D [Fatk] o5
72,

3. MBEMRSLIVEERSHRMCLIBERE

HEDHH

HIWINR AT —EEEKRIOKD 5 B, IPM,
MEPM, ERT ¥4 27 DWEFNHIT [Balkl, T4
Pkl b L MHEARE] &HE SNz 21
WThHoteo 2055, EHEHLICHSZ S D MBL
FEARR 17 MR % W R ACHRIR I SR Nk BR 2 47 o 72 (Ta-
ble 3)o ERT 74 X2 1% [, [HMEPZRKER] B
L<id THIERRE] & e o 72kkAS 17 B 5k & 33
Hlom TR DR, DB VIM-1 #ELE P aerugi-
nosa 1 MEDSERERHE SR ORNINTHEIC 22 5 720 — T,
IPM 74 A7 CTlix 14 #, MEPM 71 A 7 T3 11 #
A TR, [ARREZRAE3) b L THEARRE] &
HEEhiz, Zhond b, IPM 74 R 7 Tk
ZEED [AFED RS H] & HE Sz 10 B 6 #%,
MEPM 74 A 27 @ 6 ¥k 5 ¥kAS, nBRHi$R O 7
OISt & 4572 (Table 3),

CTX-M % ESBL #AEMRIC BN TEHBEEZ5ES [
FEDZe i) EHE SRR LTIZESBL @/
EHITHLHrTT T v WHE, Gkt AmpC B B~
7 5 —YOBRMEHB LUCEAMOETICL SV
INRA N EDE Z SN B P aeruginosa 2 BRIZHTL
Tl cloxacillin #, %4 ERT ¥4 A Z 2N L Htk
L7 TOMRE, FHEHOTMCIY, 44 (P
aeruginosa 2 ¥k, CTX-M #! ESBL pEA:4k 2 #%) 13k
e R D FREORENRD SN/, F/z, IMP-H
HNINRFT—¥ L CTX-M B! ESBL Oifi J5 % [a] b
AT B HRICH L CRBICHER ORI E 1T 7% - 72
A, NS ERIEARE O H NN F A RBEHEOR
WALEH ZET 2 3oz,
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Table 1. Sensitivity of three kinds of disks in various carbapenemase producers
Species Genotype (s) Positive results of MHT Range of MIC (ug/mL)?
(no. of isolates) (no. of isolates) ERT IPM MEPM IPM MEPM
E. coli (11) IMP-1 (5) 4/5 4/5 4/5 05-4 =025-4
IMP-1+CTX-M-15 (1), 4/4 3/4 3/4 1-8 05-8
IMP-1+CTX-M-27 (1),
IMP-1+SHV-38 (1), IMP-1+ TEM-52 (1)
IMP +CMY-2 (1), IMP-1+CMY-9 (1) 2/2 1/2 1/2 2-32 =<025-16
K. pneumonia (9) IMP-1 (6) 6/6 6/6 6/6 1-64 2-32
IMP-1+CTX-M-2 (1) 1/1 1/1 1/1 0.5 2
IMP-1+CTX-M-14 + DHA-1 (1) 0/1 0/1 0/1 8 16
IMP-1+CTX-M-3+CMY-8 (1) 1/1 1/1 1/1 05 1
S. marcescens (12) IMP-1 (12) 12/12 12712 12/12 32 - 256< 16 - 256<
E. aerogenes (1) IMP-1 (1) 1/1 1/1 1/1 16 16
E. cloacae (2) IMP-1 (1) 1/1 1/1 1/1 1 1
IMP-1+CTX-2 (1) 1/1 1/1 1/1 2 4
C. freundii (2) IMP-1 (1) 1/1 1/1 1/1 4 8
IMP-1 +CTX-M-2 (1) 1/1 1/1 1/1 2 1
P. aeruginosa (16) IMP-1 (13) 11/13  7/13 9/13 128 - 256< 64 - 256<
IMP-1+TEM-7 (1), IMP-1+ TEM-10 )  3/3  3/3 2/3 256 256<
P. putida (3) IMP-1 (3) 3/3 1/3 2/3 32 -256< 256 - 256<
Acinetobacter sp. (9)  IMP-1 (9) 8/9 8/9 8/9 32 - 256< 05-64
Acinetobacter sp. (3)  IMP-2 (3) 3/3 3/3 3/3 32 8
P. aeruginosa (2) IMP-11 (2) 2/2 1/2 2/2 256< 256<
E. coli (2) IMP-6+CTX-M-2 (2) 2/2 1/2 2/2 =0.25 05-4
K. pneumonia (2) IMP-6+CTX-M-2 (2) 2/2 2/2 2/2 =0.25-05 4-8
C. freundii (1) IMP-6+CTX-M-2 (1) 1/1 1/1 1/1 0.5 8
E. cloacae (1) IMP-6 (1) 1/1 1/1 1/1 2 64
Sensitivity of IMP-type carbapenemase (n=76) 71/76  61/76  65/76
P. aeruginosa (1) VIM-1 (1) 0/1 1/1 1/1 256 256<
P. aeruginosa (8) VIM-2 (8) 8/8 7/8 7/8 128 - 256< 32 - 256<
Sensitivity of VIM-type carbapenemase (n=9) 8/9 8/9 8/9
K. pneumoniae (2) KPC-3 (1) 1/1 1/1 1/1 256< 256<
KPC-3+SHV-11 (1) 1/1 1/1 1/1 256 256
Sensitivity of KPC-type carbapenemase (n=2) 2/2 2/2 2/2
E. coli (1) NDM-1+CTX-M-1+CMY-4 (1) 1/1 1/1 0/1 32 16
K. pneumoniae (1) NDM-1 (1) 1/1 0/1 1/1 4 16
Sensitivity of NDM-type carbapenemase (n=2) 2/2 1/2 1/2
Acinetobacter sp. (2)  OXA-40 (2) 2/2 2/2 2/2 256 256
Acinetobacter sp. (4)  OXA-23 (4) 3/4 3/4 1/4 32 - 64 32 -64
Acinetobacter sp. (1)  OXA-58 (1) 1/1 1/1 0/1 32 16
E. coli (1) OXA48+CTX-M-15 (1) 1/1 1/1 1/1 2 1
K. pneumoniae (2) OXA-48 (1) 1/1 1/1 1/1 2 1
OXA-48+CTX-M-15 (1) 1/1 1/1 1/1 1 1
Sensitivity of OXA-type carbapenemase (n=10) 9/10  9/10 6/10
S. marcescens (1) SMB-1 (1) 1/1 1/1 1/1 128 256<
Sensitivity of SMB-type carbapenemase (n=1) 1/1 1/1 1/1

aMIC was determined by the agar dilution method according to the protocol recommended by the CLSI in document
M100-A22. ERT, ertapenem; IPM, imipenem; MEPM, meropenem
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Table 2. Sensitivity of three kinds of disks in various species

Species Number of B-lactamases Positive results of MHT (Sensitivity %)
(no. of isolates) produced by each isolate ERT IPM MEPM
E. coli (15) one 4/5 (80) 4/5 (80) 4/5 (80)
2= 10/10 (100) 7/10 (70) 7/10 (70)
K. pneumoniae (16) one 9/9 (100) 8/9 (88.9) 9/9 (100)
2= 6/7 (85.7) 6/7 (85.7) 6/7 (85.7)
S. marcescens (13) one 11/11 (100) 11/11 (100) 11/11 (100)
2= 2/2 (100) 2/2 (100) 2/2 (100)
E. aerogenes (1) one 1/1 (100) 1/1 (100) 1/1 (100)
2= —a - -
E. cloacae (3) one 1/1 (100) 1/1 (100) 1/1 (100)
2= 2/2 (100) 2/2 (100) 2/2 (100)
C. freundii (3) one 1/1 (100) 1/1 (100) 1/1 (100)
2= 2/2 (100) 2/2 (100) 2/2 (100)
P. aeruginosa (27) one 21/24 (87.5) 16/24 (66.7) 19/24 (79.2)
2= 3/3 (100) 3/3 (100) 2/3 (66.7)
P. putida (3) one 3/3 (100) 1/3 (33.3) 2/3 (66.7)
2= - - -
Acinetobacter sp. (19) one 17/19 (89.5) 17/19 (89.5) 14/19 (73.7)
2= - - -

ERT, ertapenem; IPM, imipenem; MEPM, meropenem
a— There was no isolates which co-produced plural classes of B-lactamases.

Iv. Z%&

AN E LATHER OB, FRCA NV ARI T —F
PEAERG AT B AR O S 22 I8 F D ASERK 2 [ &
%o TBY, WY REHFEORIRE X ORGHIH OB
RS, ANNREAY — VAR ORI AR D
bNTWb, IIWNARAI—VEEFHTH L I &1L,
N9 LI EEIE T % PCR TR ?6@#4&%
TH DY, ENOMAE TIld A 7250 5 72 it ik
D,%mf%ﬁ&NMTﬁ%ménfwéoﬁ$
Nordmann 5, I 0=—H5HfHEICH NI~ —
Y ZMH$ 5 Carba NP test DFHMZ#HELY, A
4E£® CLSI Antimicrobial Susceptibility Testing I —
T4 7 (2014466 H29 H-7 H 1 HEAfE) <, »
WNRA R — AR OB E LTMHT 22508
TAKRENTze T XS ITRAERED CLSI FF 2 X
YITERZ) -V T HEPEREI NG R L, itk
WEZOFRAFGEEZWY B IRMITHAZLLTH
D, MABIZOLEBEXBFEZ 05, BIRTTEH2
b IEMER B TR IR L, EliL Tw L%
BHbLLDEEZ L, 72T, KFETIZENOERE
DR E HWT MHT 2B 5 ERT 54 A7 OFH
P & MRARGEE ) FI2D W TG L 72,

AW TIE, ERT ¥4 A 27 T D BHVIRE (93%)

. ORI, EHEOHETE -HLTE
D, ERT 4 A7 PERMBEEZAELTVWDE D
LR E NI, — T, AIWNARK—EREET Y
BEIFERER 1B 1T 2 BRIE O T EIANIEE I b W] &
NTVLW9H REFFETH 3 HAHIILIC Z DEHI AR
HLNTEY, 2, Pseudomonas EHIZBIT 5 IPM
FA4 A7 DIEE (66.7%) (CEHFICHNI TV, 20
BEORTIZ, BT T7orREFN LY Vi Enf
ENREROREFZHE L2 —HTHLLER
5N7z. Girich 51, BNMEERREIEET 23 Y
UL ABERORERELRELTBY, #HiR
Wk 2%HFMHEIE MHT TRET SN ZWEETS
brEbhs, SHOFEHARETIEX, ERT 714 A2
BINORBFHEORE L2 2L, THEAR] &
HE SN 3SHTRD DD oTzs TOEKTD
ERT ¥4 AZ 3 MHT G LT 4 A7 ThHhbhbEE
25

JE4E, EWNTH NDM-#, KPC-H B X 08 OXA-#
HNVINR AT — CEARDEARG & L CTiiEsho
Db BH, AHETERT 714 A2k, ThdH N
INRAT —VREAERE EMICHRT 22 &0 TE 2,
JEICNDM-1 sEA#RIE, SMAIWCEZ DWHESI N W
CMY % CTX-M B B-F 7 ¥~ — X 2 [k 2k
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Table 3. Influence of zinc sulfate in Mueller-Hinton agar for 17 carbapenemase-producing isolates
MIC (ug/mL)? MHT results MHT results MHT results
. for: for ERT® for IPMP for MEPMP
Species Genotype () MHA MHA + MHA +
IPM MEPM MHA 7004 MHA 7004 MHA 70O
E. coli IMP-1+CMY-2 2 0.25= + + we + W -
E. coli NDM-1+CTX-M-1+CMY-9 32 16 + + + + w +
K. pneumoniae IMP-1+CTX-M-14 + DHA-1 8 16 - - - - - -
K. pneumoniae NDM-1 4 16 + + w w + +
P. aeruginosa IMP-1 128 128 + + w + w +
P. aeruginosa IMP-1 128 128 + + W w + +
P. aeruginosa IMP-1 256 256< - ND ND ND - ND
P. aeruginosa IMP-1 256 64 ND ND ND ND ND ND
P. aeruginosa IMP-1 256< 256< + + ND + w +
P. aeruginosa IMP-1 256 256< + + + + - +
P. aeruginosa IMP-1 256 256 + + w + + +
P. aeruginosa IMP-11 256<  256< + + w + + +
P. putida IMP-1 32 256< + + w W W +
P. putida IMP-1 256<  256< + + w + + +
Acinetobacter sp. IMP-1 128 05 - - w - - -
P. aeruginosa VIM-1 256< 256 w + + + + +
P. aeruginosa VIM-2 256< 256 + + w + w +

a MIC was determined by the agar dilution method according to the protocol recommended by the CLSI in document

M100-A22.

b Results were indicated by positive (+), negative (—), and equivocal cases like weak positive (W), and not-determin-
able cases due to inhibition of growth of the E. coli ATCC 25922 along the tested isolate as shown Fig. 1 D (ND).

¢ MHT was performed using M-H agar incorporating with 100 ug/mL of ZnSO4.

ERT, ertapenem; IPM, imipenem; MEPM, meropenem; MHA, Mueller-Hinton agar
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Evaluation of ertapenem disks in modified Hodge test for detection of carbapenemases
in Gram-negative bacteria

Tatsuki Mura", Kumiko Kawamura", Yoshichika Arakawa?
"Department of Pathophysiological Laboratory Science, Nagoya University Graduate School of Medicine
?Department of Bacteriology, Nagoya University Graduate School of Medicine

The aim of this study was to evaluate the performance of ertapenem (ERT) disk in modified Hodge test (MHT)
for detection of carbapenemase-producing Gram-negative bacteria. A total of 100 genotypically well-characterized
carbapenem-resistant Gram-negative bacteria and forty non-carbapenemase-producers were used in this study.
Sensitivity rates for ERT disks, imipenem disks, and meropenem (MEPM) disks were 93%, 82% and 83%, respec-
tively. Although ERT disks partially failed to detect carbapenemase-producers in Pseudomonas sp. (3 of 27 iso-
lates), Acinetobacter sp. (2 of 19 isolates), OXA-23 type B-lactamase producers (1 of 4 isolates) and VIM-1 type B-
lactamase producers (1 of 1 isolates), ERT disks showed the best sensitivity for detecting carbapenemase-
producers co-producing other classes of B-lactamases, such as NDM-1 type B-lactamase-producing Enterobacteri-
aceae isolates. The specificity rate (88.9%) of ERT disks was slightly lower than that (95.6%) of MEPM disks, since
false detection of carbapenemase production was observed in some non-carbapenemase-producing isolates, such
as CTX-M-type ESBL-producing Enterobacteriaceae and P. aeruginosa overexpressing AmpC-type B-lactamase.
However, incorporation of inhibitors such as clavulanic acid and cloxacillin to ERT disks increased the specificity
of ERT disks. These techniques seem to be effective for the detection of carbapenemase even in bacterial isolates
co-producing ESBL and/or AmpC-type B-lactamases. As in all phenotypic tests, interpretation is subjective and
requires some experience, but ERT disks have the advantage of being easy to interpret compared to other disks.
Rapid and accurate phenotypic detection of carbapenemase-producers is important for epidemiological purposes
and for inhibiting the spread of resistant strains by implementing specific infection control measures. In conclu-
sion, MHT using ERT disks would be useful for detecting carbapenemase-producers in the daily clinical labora-
tory workflow.
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