FEFHEFMAEMDE TR - BRBEVIREECER 17 FE)
MR DIEANHERE DO L 7 7 U o AW OV T PEHAE ORRAT R ORaE - i EREEICE§ 25

Sy TENFSCERAE « R BRRMAE D> D ORREF B V2 EHE PCRIC L A JRKE D
HIER IR E DOfEST

hEIEIBAGPETIAR MANRETFRE 45 AT

[BE9)] PR ERRYYE O B RERE IRV TRE R LA EITT LT 5, MifhEE
IMOFIEMT i, FEOTHZEICE W CZ OREE 2 R D IERICER L, &bEtlZR
PHEEZBIRT 2 ENBOTCEETHD, TOZLEBME LT, HRIBBRGEDOEHE
RRIEME 2 2 FFRRE CTRIETE, LHBEMETE S moleclar beacon(MB) probe
# R\ 5 realtime PCRIEDTEN 25 2 72, BfEL LT3, it bo¥mdtr 77—, &
BV RZER N O ABRICEDEFIORRELRET DLV IBRN»D, MRKE, v
TN VHE, ABHRMY VVERE, v/ 375 Xw, JTIVT, LIUFRTOD 6 HE
Exgl Lz, 7, ThOICRRNREMB Ve —T7 L7 S50 ~v—%®&E L, £L T,
AR A/ OWEZR e _EMHIEN W R 7 E DBRIRREM B & VY, 52315 & real-time PCR &
DOEGEZB L, ZOHERAEERIEL =,

[HiR) FiRERE T td BET, VOAR T mip BET, Mo 4 EfET 16S (RNA &
{57 L2 MB probe & 7 F A ~—% 5% L 72 (Tablel),

TABLE 1. Primers and probes for real-time PCR

Species

Primer and probe

Primer® or probe sequence

Amplicon size

S. pneumoniae

H. influenzae

S. pyogenes

M. pneumoniae

C. pneumoniae

L. pneumophila

Sense
Reverse
Probe
Sense
Reverse
Probe
Sense
Reverse
Probe
Sense
Reverse
Probe

- Sense
Reverse
Probe

Sense

Reverse
Probe

5-CAACCGTACAGAATGAAGCGG-3'
S"TTATTCGTGCAATACTCGTGCG-3'
FAM-CGCGATCAGGTCTCAGCATTCCAACCGCCGATCGCG-BHQ1
S-TTGACATCCTAAGAAGAGCTC-3'
5~TCTCCTTTGAGTTCCCGACCG-3'
FAM-CGCGATCCTGACGACAGCCATGCAGCACGATCGCG-BHQ!1
5-GAGAGACTAACGCATGTTAGTA-3'
5-TAGTTACCGTCACTTGGTGG-3'
FAM-CGCGATCGCGACGATACATAGCCGACCTGGATCGCG-BHQI
5-GTAATACTTTAGAGGCGAACG-3'
5'-TACTTCTCAGCATAGCTACAC-3'
FAM-CGCGATACCAACTAGCTGATATGGCGCAATCGCG-BHQ!1
5"TGACAACTGTAGAAATACAGC-3'
5“CTGTACTAACCATTGTAGCAC-3'
FAM-CGCGATCTCATCCTCGCCTTCCTCCTGGTGATCGCG-BHQ1

5-ACCGAACAGCAAATGAAAGA-3'

5-AACGCCTGGCTTGTTTTTGT-3'
FAM-CGCGATCAGTACGCTTTGCCATCAAATCATCGCG-BHQI1

319

167

317

225

248

144

FERRESFTEL > & 0 DNA FHIZ 1% ExtragenlI kit % FV>, PCR 1213 Mx3000P #%5% % {5 F
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L7-. DNA OffitH» S R4 5% £ TORERRHIT 2 RMLURTH 5,

[5R] 6 BRICxT ARMEL, FeF2—7%Y 10'~10° 2 ¥ —HOHEHIZH o7,
B L CtEDRNILE RS D B, B ERE 1y=0.9987, A 7 /LT P 1y=0.9992,
A BV L VY ERES : y=09984, <A 37T R~v 1 y=09970, 7 T ITT 1 y=0.9987,
DAFRT 1 y=0997 Thotz, £, Rt LTS5 v—Tu—T70REETELS, 4
PFFE =R O O PEPY36 K UM 23 3R B TEAR B IR BBAE UG 278 S 72 o T

429 FEFHIH BB L NI BERBRAEM BN T 2R RE, 1 7 FE, A BHEm Y
VWG, A 275 A<k T B realtime PCR OfERZ, /NETIE. MiZKERE 203 6,
LV TINT VR 1696, v 27T X496, 75 II7 36, AR L Y ERE 3
BINBAETH -T2, FRA 40 Bl Cik, LRE 1461, A 7N VFE4AH <277
X< 56, ABBMLUYRE 16, VORI 1HABPBETH T,

SRR DRLEE L R 1T, Z LB ERE A5 96.2% & 93.2%. A ¥ T VT Y HE D 95.8%
& 95 4% A BEPSI L LV EREAS 100%E 100%, <A 27T X2 100% & 95.4%TH > 7,
LRI, <A 275 A7 ORE & BFREAYUNME LA OFEL KT 5 &, real-time PCR
DRRE L B REE1T 90.2%& 97.9% & 72 o7,

75 I VT MR ITYEE TILER LTV, realtime PCR THIETH o7 6 iE
Hlor S I DT HFEMIVTRLLAEEICLRL TV,

LOFRTE. MRkBEDNERABRED 1 HlOH T realtime PCR THIETH 7243,
HEENBEICER SN TV E), BRERETH 72, LAL, RAHOREKN LA
o Iz,

7k, WRERE (=09910)& A > 7 AU FH (7=0.9953) WOWTHREDOELEL Ct
BEOBEGRELDE, FOHMBEEFE»o,

[£%2] real-time PCR I3/ \VVRE L I RETHIEZRET 22 L RARETH Y, HIERE
REHRE SN TV THER THILUIRETETH D, FAEBHMEE LT realtime PCR (LD
LoDEFALEZTHY, HRE SOIERT I LIt THRAERSOICRES LS
2%, BT, kD PCRIEL IR - T, BRELBREN—BEEMELTEY, M TPCR
MWz s b LRI, BBRZOLOPENEOEB(ERAE>TINDEOT, AFEE
EAEMEL LEVEARL—F UBREILHZ D DEEZXLTVD,

F7r, BALTERD L CHERESE~OEALTETH Y, ABIRHIIR bRIFEZIE
RN TX, ARNWBOERIC L EREaA FOHIRE VO RRPLLERATHS &
eIz,
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B-7 7 Z KFNZKT HIPEEPET L7 KRR % 4 U 2 il S BRI O AR
ENLRRGENTSCRT - M —F8 - FoHBEC

I REREE I, MERSRRIMED EERBERE TH DL ) TR P ER, MSE, ¥
BEROBEREE LTHLEETHY, ZOED B —F 7 F 2FINCKT AMEED LR
IXEREEORBE L o T3, ZofttEidEE L THRELZ SR T 2= Uik
AEAPBP)OERIZLEZ LD TH M L L~ PBP BETERZROHENER
DMEEZ LOTHARNHY ., B—F 27 Z 2HNCxt 2 EEmMEIZIZ PBP #Eis
FUSD ED XD BRERBBELRON, FHEHITTFHOEETHS, 4H, bivbi
IANROMRED B DS N == ) UTHMERRERE O 28 2 7o -0 TH
595,
(ﬁ&]i@ﬁ%’ityymﬁﬁfEXO%mM%%%mtoMmzi(mﬁ
(NCCLS) M7-A6, M100-S15 1Z¥#L L(37°C, 22 h, K&K). FZ7 4 7L — hERHHE
F)E b HWTHNE Lz, g% X Statens Seruminstitut ORI & N K F MIE
ELHLWTIHMEICLVHEL, B4 PBP 7 vt/ DEHIZ, v~/ rE—X
WCEVEFEEZEREL R LZERE2Z BV, Zhvé, 7A=Y v
(Bocillin FL, Molecular Probe) ¥ L OFET L PCG Ot % BE L7-, PBP
Bin T OB ERFIHENT D7~ 912, PBPla, PBP2x, PBP2b D&{= T pbpla, pbpZx,
pbp2b D— % PCRICTHEIE L. £ OESIZRE LTz,
[FEREBE] DEEEZMEERTER LZEZA, RETHARBIRM LzZ A7
Dan=—PUDIZELY, BEAXH Y FREOMHMNIZo&E D Ligvan=—
SP112)#AE Uz, K4 & MKRERTHNT S &, SP111 »HIXFHOSP112 # 1 7
Do =—HK 1/100 DEIE TR INZN, SP112 151X SP111 ¥4 FDan
=—WNEND Z X o7z, SP111 & SP11213 e bIcmiER 19F TH V. B
DOHIBEER 2 AW 2OV AT 44—V R VERIKENZ L > T, MFDS ) LRE
— U ERBT A EIXTERMNoT, SP111 & SP112 Tik, B-T 7 Z 2FNTx¢
BRZMEIT 2-4 fEDENR BN 7-(SP111 [PCG, 8; ABPC, 16]; SP112 [PCG, 2;
ABPC, 8], Z ORKZFH~2 BT 54 PBP 7 vt A %17 - 725, SP111,SP112
(2458 LT PBP1a, PBP2x, PBP2b 1Z%I9 % PCG DA MO TIXAGNZH D
®,SP111 & SP112 M CTHEAMICEIX R 6N 2d o7z, £, pbpla, php2x, pbp2b
T ARTITIHER D RHIIEFE L7228, SP111 & SP112 BOEIZR b zd-o T,
an=—JRRBICENROND Z b, HBEMEERROERT td OREE
Northern blotting TH#~7=2%, MEKE CEIZR b2 o72, SP111 & SP112
TIEHFKEDOEINE LD Z EBBRINEN, ThWRRSZHEOZDORRTHLNE
DWNIRFATH D, £z, ABPC O MIC 28 PCG LV b EWERSIL PBP &R
TNBIEHBAT A ENTET, 7 ADUBEE D=5 BROMATNNETH D,
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SHARFICIREE « BEERSYEE Proteus mirabilis D 7 VA1 % ) v BT LS
SSRFRE  IUAKRT (FERZERFBIENTR)

FE. ELBERASNTOAREEDOOESTHD 7/ ArF ) a Aoy Dtk
(L OB 5T 5 BHT, 2000 4E 4 A ~2001 4 3 A BES iz lRRiBgRS
5 NEMERE OMERA %2 2 L7z (2003 £#HE),

TAFaFx ) v it T AR O ERI, Escherichia coli T 6 % (8 /133 1K),
Klebsiella pneumoniae T 2 % (2 ¥/100 ¥K), Pseudomonas aeruginosa “C 32% (38 Fk/118
) Citrobacter koseri C 84 %(11 #%/13 #§). Serratia marcescens T 23 % (5 ¥R/21 BR).
Proteus mirabilis ~C 86% (12 /14 ¥E) Tdb » 72, B S N7 E E. coli 1235 % MIC
T 16 pg/ml~64 pg/ml DEEER Uiz, XiiHHE P aeruginosa DT MIC 64
ng/ml~512 pg/ml 27T BERMEEIZEED 3% 2 D TEY, 7Y DAE—F
TEHETME L L TNR EEZ 2 b, X, P mirabilis \Z 317 2 @@ EMmE(L (MIC
1024 pg/ml) MREEETH o7z, P mirabilis D7 VA ax ) v U EREICOWTIE
WEHIIND 2L | EEBEERMEIC OV TERIEHME SN TWRNZ &b, At
Zo013 = O LS 2 B 52T 3 B TU T OB 21T 27

¥ Tt uX s u it EER TH D DNA gyrase BinF grd. grB B &
X Topoisomerase IV S&{5F parC. parE ZERAZ OV THAT 21T - 72, £ OFER. LVFX
R B MIC 28 16pg/mL B b % R34 T OMHEENIZ 3 T, GyrA OZ 5 (Serg3lle) |
ParC DZEHR (Ser80lle) . ParE D% F(Aspa20Asn) B b, —F, MIC 23
256-1024pg/mL % R T EEMEEIC O TE, b OERIIMA T GyrA OER

(Glu87Lys) & GyrB DR (Ser462Phe) ASIBMICFRD bz Z &b, MO
B L XRAY . P mirabilis D7 AA R ) v L EEMMEIZB W TE GyrB DR
NEHT B AR AR ST,

iz, BEIHEH B FIc k37t n% ) v U iE~OFEIZ OV TR 572
¥. LVFX OEERNEREE LT 72, MIC 16-1024ug/mL %7~ L7z 10 BRIZ DWW T
WeEt LR, LVFX OMERNEEIIRRE TH o, SO END, AHDOTY
AT F ) v L RBEEMEGIZ 3T B FEAI ‘I"‘/7"®%Ef FEWEEZLND, Bk

OFEEMNES P mirabilis D7 AT X ) 0 UTRIEICEO T, MOEGETE THRE
DB gyrd. parC DERMZ T gyrB @Wﬁbiigf%é EDRENTZ, LML
2208 5 MIC 256pg/mL R TR TN b2 TOEREZEGL TV &b, MIC
1024pug/mL DB EMERITF -7 A n® ) o Ui EEEZEE L TV DS
HREMENE 2 H B, PFGE 12 L % DNA fiEHTfEHR. MIC 1024pg/mL O FE Tt
MERRIZ 2 DD X A ST bz,
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770 ad REEMYE Proteus mirabilis £V FE I HH 16S rRNA
methyltransferase, RmtC DT

BroEERE - ) Ry

W% - FuznEr Mi— 2P0 AR —F Y. gk BRY, 4l MR Y,
AR FEEY, W RREED.

B ST R REFFETANES 80 BERS R E R JOR  E RE Gethl i 2 »)

[BW] Bxix7 X/ 70 =2 Pt % 535 16S rRNA methyltransferase &
CFRBRMEARCT FUBERBECRE T 57 7 ARMEREO—FICEFEET D
TEERHLE, BEET rmtA, rmtB, armA ® 3 FEE® 16S rRNA
methyltransferase BETBRE I N TWD, RKFRIZHA W P mirabilis
ARS68 HRiZ7 X /7 U a v Fic@mEmMEZRTbOD, BEAMO 16S rRNA
methyltransferase B FIZRABE L TWih o7z, £Z THH D 16S rRNA
methyltransferase B FORA 28\, ZOREROEITEZIT -7,

[¥63R] P mirabilis ARS68 ¥k X v #ii L7z plasmid % E. coli DH5 a2
B Lo 2 A, 737V av NI LTEEZRT L1 o70, RO
REV7 /7Y av Ntz 59 286 L plasmid EIZFEET 5 0lEEMERN
RRINT, T 7Y a2y RifEBEFE S v— kL, ARSI ZRE L &
Z 5. i 16S rRNA methyltransferase &= +(rmtONRE S iz, Histag %
L7 RmtC EHIX E. coli DH5a L VHIH L7 16S rRNA ZHC0MNZ A F
ME LTz, rmtCid tranposase gene (tnpA) % & te IS Ecpl-element O Ttz fF1E
L. rmtC D¥&HIL Z D IS Ecpl-element {2 XFE X T2, £, rmtC DERERR
b5 50X IS Ecp I-element PIZTEFE L 7%,

[Z£] rmtCi3fho 16S rRNA methyltransferase i+ & FEk N T AR v
IC &0 ZOBEBIEDON TV, BEC armA KELTRERT V7, 3—r v /30
Ex THSEINTEY, armA R rmtCIZB L THZOIBBERE SN, 5%
XA FIALERL OB ERR Z 1 5 16S rRNA methyltransferase i&{x ¥ D progenitor
strain DFFEZITI TETH D,

162



VanDADB{nFHELE & 7 D3sHLI L e fafiD-Ala:D-Ala ligase B FIZDOWVT

Efﬂi}f E M ORRE

BN SAIL— BREEE FRIER
lﬁi‘%ﬁ%k%ﬁmliﬁﬁﬁ B BRI, 2R - R EAI T R
[E] ST YA AT i 28 — 0

[B&Y] ¥ L0 5BES iz VRE, Enterococcus raffinosus GV5 1% A A T D
VanD B VRE . VanD % VRE & U CHRWID £ raffinosus T¥H D, VanD Hl LN JAc ey
FREOREE L RBFE 2B ST B 7010, TR TR ORI OUWIE &
northern hybridization Z4To 7z, £72. BEER VanD Bk dd] BARTFITZERE SR
L E o TRIERSN TV Z R BTN D DT GVE D ddl BinFOHERSN S
PerE Lz,

[ 58] HERAMOEEIZANDOEEF 2SI PCREVEEHRY —/ = A TDHT
LT L VT o T, Yefadh ddl B IR T OMERFIPCEIZIEA /38— R PCR#EZ AV,
E  raffinosus DBAR Jd] 38I5F O EERCHITE EIZITAZ R JCM8733 Z v iz,

[$E 58 L £%22] DNA HEERFIORE RIS V6 D& FHHE VanD4 RITH DH Z &
RhoTe, PO DA BROBEFREL BT S &7 X BEEWHD Vans, T 2 AT,
VanH, {Z 1 77?)? VanD = 1 BFTR O -o Tz, VanY,iZid 1 HEDBAN 270 » 7,
VanR,, VanX, \ZIXECIER biveinoTz, vanS, vanl, vanD BEFEr T a—7¢&
LT northern hybridization Z{To& 25, NvavA vV OFEIIDIPDDL
PHHEEETRIEE S LTV, ZOEERND, V6 ORI TR OFETILEE
D VanD B VRE [FIEEIZ constitutive TH B Z & o7z, BEHRD VanD & VRE
CBWTIE 1 E2OFE 2 MAROE P —EATH S VanS) IZERPH D Z &0
HMBENTWD, 73/ BERLEA - RRIZED7V—AV T MIE27T Vans, @
WU R EIEE D A B 2 biEME (L Sh7z VanR, GREIER) BNERTD I LI
Lo THICTHMERETHERRR L TS E SN TS, VanR, ~D U U BOZITE
LE4T 5 His BERIOT I/ BEHTH Y VEBLEEOHZ PN b s 2 L A3
HERTNBN, GV5 TIXZ ORERICT I  BBEHBAKEZ > T\, 20X D 72RO
dd] ¥f5T(D-Ala:D-Ala ligase)iZZERZFBEMEZ R LTS Z EBMBALT
W5, GV5 & £ raffinosus FEYERE JCM8733 O dd] BiETOEERSIHN 6 GV 1L 2
SOT I ) BERY CKERICE > TV « REBER T2 EBEEZ RO
R BRI RIT e o tn, LLRNRG, GVBIZEBITS 2 207 L/ BREHR
DHH1LOWATP FEAICEE L TWAREBICH Y COBERIZKY ddl BEFINE
fEENTHEDE LRV,
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Detection of the resistance mediated by class C B-lactamases remains a challenging issue, considering that
transferable plasmid-mediated class C B-lactamases are of worldwide concern. Methods for the identification
of strains that produce extended-spectrum B-lactamases (ESBLs) or metallo-B-lactamases (MBLs) have been
developed and applied for routine use in clinical microbiology laboratories, but no practical methods for
identification of plasmid-mediated class C producers have been established to date. We therefore developed
three simple methods for clinical microbiology laboratories that allow identification of plasmid-mediated class
C B-lactamase-producing bacteria using a boronic acid derivative, 3-aminophenylboronic acid (APB), one of
the specific inhibitors of class C B-lactamases. Detection by the disk potentiation test was based on the
enlargement of the growth-inhibitory zone diameter (by greater than or equal to 5 mm) around a Kirby-Bauer
disk containing a ceftazidime (CAZ) or a cefotaxime (CTX) disk in combination with APB. In a double-disk
synergy test, the discernible expansion of the growth-inhibitory zone around the CAZ or the CTX disk toward
a disk containing APB was indicative of class C B-lactamase production. A greater than or equal to eightfold
decrease in the MIC of CAZ or CTX in the presence of APB was the criterion for detection in the microdilution
test. By using these methods, Escherichia coli and Klebsiella pneumoniae isolates producing plasmid-mediated
class C B-lactamases, ACT-1, CMY-2, CMY-9, FOX-5, LAT-1, and MOX-1, were successfully distinguished
from those producing other classes of B-lactamases, such as ESBLs and MBLs. These methods will provide

useful information needed for targeted antimicrobial therapy and better infection control.

The production of B-lactamases is the major mechanism of
resistance to B-lactams, which are most frequently used for the
treatment of various infectious diseases. Class C B-lactamases,
which belong to group 1 according to the classification of Bush
et al. (7), are cephalosporinases, which are poorly inhibited by
B-lactamase inhibitors, such as clavulanic acid (CLA) and sul-
bactam. Class C B-lactamases are clinically important because
they usually confer resistance to a variety of B-lactams, includ-
ing oxyiminocephalosporins and some cephamycins, as well as
penicillins and monobactam, when they are produced in large
amounts (14, 21, 32). They are usually chromosomally encoded

AmpC enzymes in severa] bacterial species belonging to the -

family Enterobacteriaceae, including Enterobacter cloacae, En-
terobacter aerogenes, Citrobacter freundii, Morganella morganii,
Serratia marcescens, and Escherichia coli, which are frequently
encountered as nosocomial pathogens. Moreover, since the
first report of transferable plasmid-mediated class C B-lacta-
mases, such as MIR-1, in the late 1980s (3, 30), their increasing
presence worldwide is becoming of great concern (9, 13, 22,
24). In Japan, MOX-1 (15), CMY-9 (10), and CMY-2 and
DHA-1 (unpublished data) have been identified so far. Al-
though simple methods for the identification of extended-spec-
trum B-lactamases (ESBLs) and metallo-B-lactamases (MBLs)
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Diseases, 4-7-1 Gakuen, Musashi-Murayama, Tokyo 208-0011, Japan.
Phone: 81-42-561-0771. Fax: 81-42-44-8518. E-mail: yarakawa@nih.go.jp.
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have been established and are already in laboratory use (1, 29),
detection of the resistance mediated by class C B-lactamases
still remains a challenging issue. Several methods that use the
Kirby-Bauer (KB) disk potentiation method (20, 21, 34, 35, 45)
with some B-lactamase inhibitors (2, 5) or the three-dimen-
sional method (9, 22, 39) have been developed; and a cefoxitin
agar medium-based assay that uses preparations of bacterial
cell extracts has been reported (26). However, these methods
are technically intricate; and interpretation of their results is
not sufficiently simple for routine use in clinical microbiology
laboratories. PCR or multiplex PCR analyses are able to pro-
vide satisfactory results in the identification and classification
of genes for B-lactamases (25, 31, 38, 44), but equipment avail-
ability is limited to medical institutions, such as university hos-
pitals. They are also costly and require time-consuming tech-
niques. An enzyme-linked immunosorbent assay has also been
developed and has known sensitivity and specificity for the
detection of certain class C B-lactamases. This technique is less
costly than genetic methods, but it is not sensitive for the
detection of class C B-lactamases that possess less than 70%
homology to CMY-2 (16). Thus, practical and simple methods
for detection of the resistance mediated by plasmid-mediated
class C B-lactamases are urgently needed for enhanced infec-
tion control.

In 1982, boronic acids were reported as reversible inhibitors
of AmpC enzymes belonging to the class C B-lactamases (4).
Serial studies revealed the structure-based mechanism of inhi-
bition of AmpC B-lactamases by boronic acids (34, 37, 41), and
novel compounds that inhibit AmpC B-lactamases with nano-
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TABLE 1. Bacterial strains used in this study and MICs of CAZ and CTX with or without B-lactamase inhibitors
MIC (pg/ml)
Strain B-Lactamase Reference
CAZ CAZ + CLA CAZ + SMA CAZ + APB CTX CTX + CLA CTX + SMA CTX + APB
E. coli NS12 CMY-2 128 64 128 4 64 32 64 2 This study
E. coli HKYS15 CMY-2 256 128 256 4 64 32 64 4 This study
E. coli HKY701 CMY-2 128 128 128 2 32 32 64 4 This study
E. coli MRY 041197 CMY-2 >256 256 >256 8 128 128 128 8 This study
E. coli HKYS81 CMY-2 256 128 256 8 128 128 256 4 This study
E. coli C502 CMY-2 256 256 256 16 16 32 32 2 This study
E. coli KG2 CMY-2 128 128 64 4 64 32 64 8 This study
E. coli MRY 041243 CMY-8 256 256 >256 4 64 32 64 0.5  This study
E. coli M68 CMY-9 256 256 256 1 >256  >256 >256 16 10
E. coli Coral Gables 66040 FOX-5 >128 >128 >128 4 64 64 64 1 G. A. Jacoby
E. coli Coral J53 (a trans- ACT-1 8 4 4 =0.25 2 2 2 =025 G. A. Jacoby
formant)
E. coli HKY28 Mutant AmpC 64 32 64 4 16 4 8 1 11
K. pneumonige NU2936 MOX-1 64 32 32 0.5 256 256 256 8 15
K. pneumoniae HKY-L1 MOX-1 32 32 32 1 128 128 128 4 This study
K. pneumoniae KPW142 CMY-8 32 32 64 1 128 128 128 4 This study
K. pneumoniae HKY209 CMY-9 >128 >128 >128 2 >128 >128 >128 2 This study
K pneumoniae HKY327 CMY-19 >256 >256 >256 16 64 64 64 1 This study
K pneumoniae 5064 FOX-5 64 64 64 2 8 16 16 0.5 36
K. pneumoniae Bronx ACT-1 64 64 128 64 8 16 8 0.5 G. A. Jacoby
Lebanon 18

K. pneumoniae P20 LAT-1 64 64 64 2 32 32 32 1 40
Hafnia alvei EE47° AmpC 64 128 64 2 32 64 32 2 This study
E. coli NCB03522° CMY-2 + CTX-M-9 64 16 64 16 256 8 256 256 This study
K. pneumoniae NCB02189° DHA-1 + CTX-M-9 16 128 16 1 32 8 32 2 This study
E. coli AYW-1 TEM-26 >128 0.5 >128 >128 2 <0.06 2 2 44
E. coli HKY322 TEM-91 128 0.5 128 >128 1 <0.06 1 1 18
E. coli MRY041435 TEM-132 64 1 64 64 8 =0.25 4 4 This study
E. coli HKY453 SHV-24 >128 2 >128 >128 2 0.13 2 2 17
E. coli NCB03515 CTX-M-3 32 =0.25 16 16 >256 =0.25 256 256 This study
E. coli MRY04718 CTX-M-3 64 1 128 32 >256 =0.25 >256 >256 This study
E. coli AYW-2 CTX-M-2 8 0.13 8 4 >128 <0.06 >128 >128 This study
E. coli NCB03490 CTX-M-2 4 =0.25 4 1 128 =0.25 256 64 This study
E. coli NCB03520 CTX-M-14 2 0.25 4 1 128 0.13 >128 128 This study
E. coli AYW-3 CTX-M-9 0.5 <0.06 0.5 0.25 32 <0.06 64 16 This study
K. pneumoniae HKY402 SHV-12 >128 1 >128 >128 32 <0.06 32 32 44
K. pneumoniae MRY(041410 TEM-132 64 1 64 64 4 =0.25 4 8 This study
K. pneumoniae K108 CTX-M-1 2 0.25 1 2 64 <0.06 64 64 This study
K. pneumoniae MRY04332 CTX-M-3 16 1 8 8 128 =0.25 128 128 This study
K pneumoniae HKY495 CTX-M-2 16 1 16 16 128 0.13 >128 >128 This study
K. pneumoniae MRY04504 CTX-M-2 2 =0.25 2 4 64 =0.25 128 64 This study
K. pneumoniae NCB03502 CTX-M-9 0.5 0.06 1 1 32 <0.06 64 32 This study
K pneumoniae NCB03081 CTX-M-9 4 =0.25 4 4 32 =0.25 32 32 This study
K pneumonige KG525 GES-3J >128 >128 >128 >128 64 8 64 32 42
K. pneumoniae KG502 GES-4] >128 >128 >128 >128 32 16 16 16 43
E. coli NCB03426 IMP-1 04 64 =0.25 64 16 16 =0.25 16 This study
E. coli NCB02465 IMP-1 128 128 =0.25 128 32 64 =0.25 64 This study
K pneumoniage KP115 IMP-1 >128 128 1 >128 64 64 025 64 This study
K. pneumoniae NCB03034  IMP-1 64 64 =0.25 64 128 128 =0.25 128 This study
E. coli EE61 OXA-30 2 2 2 2 4 4 4 4 This study

“ Production of AmpC or DHA-1 might be augmented in the presence of clavulanic acid.
b E. coli strain NCB03522 also produces the TEM-1 penicillinase.

molar K; values were prepared by stereoselective organic syn-
thesis (23). However, there are only a few reports of studies
that applied boronic acids to the identification of class C B-lac-
tamase-producing bacteria (19, 34). In the present study we
used one of the boronic acids, 3-aminophenylboronic acid
(APB), and here we propose simple and practical methods for
the identification of class C B-lactamase-producing bacteria
showing resistance to broad-spectrum B-lactams, including
cephamycins. The methods constructed in the present study
promise to be very helpful for the screening of plasmid-medi-
ated class C B-lactamase-producing bacteria in clinical micro-
biology laboratories.

MATERIALS AND METHODS

Bacterial strains, chemicals, and antibiotics. The bacterial strains used in this
study and the B-lactamases that they produce are shown in Table 1. The types of

B-lactamase genes were previously confirmed by PCR analyses, cloning and
sequencing experiments, as well as isoelectric focusing, as described elsewhere
(6, 10, 15, 25, 36, 40, 42, 43, 44). APB, 3-nitrophenylboronic acid (NPB), and
2-thiopheneboronic acid (TPB) were purchased from Tokyo Kasei Kogyo Co.,
Ltd. (Tokyo, Japan). Dimethyl sulfoxide (DMSO) was purchased from Wako
Pure Chemical Industries, Ltd. (Osaka, Japan). Mueller-Hinton (MH) agar and
MH broth were obtained from Becton Dickinson and Company (Paramus, N.J.).
KB disks were commercially supplied by Eiken Chemical Co., Ltd. (Tokyo,
Japan).

Susceptibility test. The MICs of cefiazidime (CAZ) and cefotaxime (CTX) with
or without B-lactamase inhibitors were determined by the agar dilution method with
MH agar, according to the recommendations of CLSI (formexly the National Com-
mittee for Clinical Laboratory Standards) in document M2-A8 (28). Clavulanic acid
(GlaxoSmithKline K.X., Tokyo, Japan) was added at a concentration of 4 p.g/ml, and
both sodium mercaptoacetic acid (SMA) and APB were added at a concentration of
300 pg/ml. The MIC of APB was generally above 2,400 wg/ml, so the concentration
of APB employed in this study did not show any detectable effect on bacterial growth
or susceptibilities to antimicrobial agents.
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E. coli NCB03522
(CMY-2+CTX-M-9)

E. coli NS12 (CMY-2) E.coli M68 (CMY—) E. coli Corl Gables
66040 (FOX-5)

E. coli HKY28
(mutant-AmpC)

H. alvei EE47 (AmpC) K. peumoniae NU2936 K. neumom’ae P20
(MOX-1) (LAT-1)

K. pneumoniae
BronxLebanon 18
(ACT-1)

K. pneumoniae NCB02189
(DHA-1+CTX-M-9)

K. pneumoniae HKY 209 K. pneumoniae 5064
(CMY-9) (FOX-5)

S. marcescens HKY-S
(AmpC)

P. aeruginosa P-492
(AmpC)

C. freundii HKY 543
(AmpC)

i ]
E. cloacae HKY?226
(AmpC)

FIG. 1. DDST and disk potentiation test for class C B-lactamase producers. (A) Scheme of disk arrangement for the two tests. The upper three
disks are for DDST, and the lower two are for the disk potentiation test. The amount of APB added to the disk was 300 pg. (B) Typical observations
of the growth-inhibitory zones among class C B-lactamase producers. The growth-inhibitory zones are expanded toward the APB disk in DDST.
In the disk potentiating test, the diameter of the growth-inhibitory zone is expanded around the disk containing both CAZ and APB compared
with that around the disk containing solely CAZ. (C) Practical changes in the morphologies or the diameters of the growth-inhibitory zones among
the class C B-lactamase-producing strains. Expansion of the growth-inhibitory zone toward the APB disk is observed around the disks containing
CAZ or CTX in DDST (upper) among the class C p-lactamase producers. In the disk potentiation test (lower), enlargement of the diameter of
the growth-inhibitory zone of greater than or equal to 5 mm is seen among all class C B-lactamase producers except K. pneumoniae BronxLebanon
18. (D) DDST and disk potentiation test against chromosomal AmpC producers. Similar findings are observed among gram-negative rods that
produce chromosomally encoded inducible AmpC type B-lactamases, suggesting that the new identification method described in the present study
can also be applied to chromosomal AmpC producers, as well as plasmid-mediated class C p-lactamase producers.

Detection of class C B-lactamase production. Class C B-lactamase production
was determined by the following three methods. Clinical isolates of Klebsiella
preumonige or E. coli producing the following plasmid-mediated class C B-lac-
tamases were used as positive controls: ACT-1 (6), CMY-2 and CMY-9 (10),
FOX-5 (36), LAT-1 (40), and MOX-1 (15). Because of the similarity of its

chromosomal enzyme to one of the plasmid-mediated B-lactamases, ACC-1, an
isolate of Hafnia alvei was added to the positive controls (24). As negative
controls, we used clinical isolates of K. pneumoniae or E. coli producing other
plasmid-mediated B-lactamases: TEM-26 (44); TEM-91 (17); SHV-12 (44);
SHV-24 (18); CTX-M-1, CTX-M-2, CTX-M-9, and GES-3 (42); GES-4 (43); and
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IMP-1 (Table 1). The boronic acids APB, NPB, and TPB were dissolved in
DMSO at a concentration of 100 mg/ml and used for the following tests.

Disk potentiation test. A colony of a test strain which was suspected of being
a class C B-lactamase producer was suspended in and diluted with MH broth
medium to 10 CFU/m] and spread on an MH agar plate with a cotton swab,
according to the protocol recommended by CLSI in document M2-A8 (28).
Three hundred micrograms of one of the boronic acids, APB, NPB, or TPB, was
added to a commercially available KB disk containing 30 pg of CAZ or CTX.
These disks were placed on the MH agar plate described above in pairs with aKB
disk containing 30 g of CAZ or CTX with a center-to-center distance of 30 mm
(Fig. 1A). The agar plates were incubated at 37°C overnight. The diameter of the
growth-inhibitory zone around a CAZ disk with APB was compared with that
around a CAZ disk without APB for the detection of class C B-lactamase
production.

Double-disk synergy test (DDST). Three hundred micrograms of APB was
added to a disk that contained no antibiotics and that was the same size as the
KB disk. This APB-containing disk was placed on an MH agar plate on which the
bacterial suspension to be examined had been spread. Two other KB disks
containing 30 pg of CAZ and CTX were also placed on the MH agar plate, with
a center-to-center distance to the boronic acid-containing disk of 18 mm (Fig.
1A). The plate was incubated at 37°C overnight, and the change in the shape of
the growth-inhibitory zone around the CAZ or the CTX disk through the inter-
action with the boronic acid-containing disk was observed for the detection of
class C B-lactamase production (Fig. 1B).

Microdilution test. MH broth containing serial dilutions of CAZ or CTX at
concentrations ranging from 0.125 to 256 pg/ml and containing 300 ug (1.9 mM)
of APB with the same serial dilution of CAZ or CTX was prepared and placed
in a 96-well plate. A bacterial suspension was inoculated into each well, accord-
ing to the recommendation of CLSI in document M7-A6 (27). The plate was
incubated at 37°C overnight. The decrease in the MIC of CAZ or CTX in com-
bination with APB was used for the identification of a class C B-lactamase
producer.

RESULTS AND DISCUSSION

Plasmid-mediated class C B-lactamases have been identified
worldwide since the late 1980s, and they are emerging threats
to antibiotic therapy for various infectious diseases because
they confer to pathogenic bacteria, especially E. coli and
K. pneumoniae, resistance to broad-spectrum B-lactams (9, 10,
13, 15, 22, 24, 32). Boronic acids have been recognized as
specific inhibitors of AmpC B-lactamases since 1982 (4, 8, 34,
37, 41). Using three commercially available boronic acids,
APB, NPB, and TPB, in the present study, we evaluated three
different methods for the identification of bacteria producing
class C p-lactamases which would be simple enough for routine
use in a clinical microbiology laboratory.

First, we developed the disk potentiation test, which is sim-
ilar to the confirmation test for ESBL production recommend-
ed by CLSI in document M100-S14 (29). We selected three
commercially available boronic acids, APB, NPB, and TPB, as
the specific inhibitors of class C B-lactamases and observed the
enlargement of the growth-inhibitory zone diameter around
the disk containing CAZ in combination with these inhibitors.
The boronic acids were dissolved in DMSO and added to the
KB disk containing 30 pg of CAZ. DMSO itself had no ap-
parent effect on the growth of the isolates tested when it was
added to the disk at a volume up to 10 pl (data not shown).
Both NPB and TPB were found to have antibacterial activity
by themselves at concentrations of about 300 pg/ml, leading
to a misinterpretation of the changes in the diameter of the
growth-inhibitory zone (data not shown). Therefore, we chose
APB as the most practical candidate among the specific inhib-
itors of class C B-lactamases for further examination. Among
the four drugs that we tested, CAZ, CTX, cefmetazole, and
moxalactam, CAZ showed the best performance in combina-
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FIG. 2. DDST (upper) and disk potentiation test (lower) for non-
class C p-lactamase producers. No apparent changes in the shapes or
the diameters of the growth-inhibitory zones around the disks contain-
ing CAZ or CTX are observed in the presence of APB (300 ng per
disk). The arrangement of the disks was as described for Fig. 1.

tion with APB. When a cutoff value of a 5-mm enlargement of
the growth-inhibitory zone diameter or greater was set, all
K. pneumoniae and E. coli isolates producing the plasmid-
mediated class C B-lactamases, except for ACT-1-producing
K. pneumoniae BronxLebanon 18, could be detected (Fig. 1C);
and the specificity of the test was nearly 100% for the negative
controls of producers of other classes of B-lactamases (Fig. 2).
The exception, K. pneumoniae BronxLebanon 18, was less in-
hibited by APB when CAZ was used. However, a successful
test result was obtained with the combination of CTX and APB
(data not shown). This strain was supposed to produce another
ESBL or to have an alteration in the permeability of the outer
membrane, and the test reported by Pitout et al. (33) might be
useful for this kind of strain. H. alvei was also found to be
positive as an AmpC B-lactamase producer. Also, this method
could detect E. coli HKY28, a mutant AmpC producer which
was moderately susceptible to B-lactamase inhibitors such as
tazobactam and sulbactam (11). Two well-characterized iso-
lates, E. coli NCB03522 and K. pneumoniae NCB02189, which
produce plasmid-mediated CMY-2 and DHA-1, respectively,
together with CTX-M-9, were examined with this disk poten-
tiation test. Using the drug-inhibitor combinations of CAZ
plus APB and CTX plus clavulanic acid, we could detect class
C B-lactamases and CTX-M-9 separately, with no apparent
interaction of these two different classes of B-lactamases.
Second, we applied DDST to the identification of class C
pB-lactamase producers. Powers et al. (34) first described the
potentiation effect of a boronic acid, benzo(b)thiophene-2-
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concentration (pug/ml) of CAZ or CTX in each well
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FIG. 3. Microdilution test with APB for detection of class C B-lactamases. APB was added to serial dilutions of CAZ or CTX, and the

concentration of ABP in each well is 300 pg/ml. (A) Detection of

plasmid-mediated class C B-lactamases in representative E. coli and K

preumoniage isolates and chromosomal AmpC B-lactamase in H. alvei EE47. An eightfold or greater decrease in the MIC of CAZ or CTX with
the addition of APB is indicative of the production of class C 3-lactamases. (B) Negative results of microdilution test by using APB for E. coli and
K. pneumoniae isolates producing class A ESBLs or a class B MBL, IMP-1. Among the strains tested, the level of resistance to cefotaxime was
reduced in the presence of APB in a few strains, such as CTX-M-9-producing E. coli AYW-3; and the coproduction of chromosomal AmpC was
suspected in this strain. It may even be possible to distinguish strains that chiefly produce a class A or a class B enzyme, together with a small
amount of a class C enzyme, from those that mainly produce class C enzymes when the breakpoint was set at a decrease in the MIC of greater
than or equal to eightfold (three tubes) in the presence of APB. White vertical bars between the wells indicate the upper limit of bacterial growth

in each line.

boronic acid, to the antimicrobial activity of CAZ; and Liebana
et al. (19) used this synergism test for confirmation of the
presence of an AmpC-like enzyme. This method, similar to the
simple test which we described earlier (1) for the detection of
metallo-B-lactamases by the use of thiol compounds, was based
on the interpretation of the change in morphology in the
growth-inhibitory zone in order to detect class C B-lactamases.

An APB-containing disk and a disk containing a test drug,
CAZ or CTX, were placed on an MH agar plate which had
been inoculated with a test isolate, with the center-to-center
distance of 18 mm. After overnight incubation, expansion of
the growth-inhibitory zone toward the APB-containing disk
was interpreted to be a positive result for class C B-lactamase
production. With the combination of APB and CAZ or CTX,
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concentration (pg/ml) of CAZ or CTX in each well
256 128 64 32
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FIG. 4. Microdilution test using three inhibitors for detection of presumptive B-lactamase types. Three inhibitors, APB (300 ng/ml), CLA (4
pg/ml), and SMA (300 pg/ml), were added in each line of the wells. The inhibition patterns of each inhibitor for strains producing class A, class
B, and class C B-lactamases are demonstrated by using cefotaxime and ceftazidime as indicators. White vertical bars between the wells indicate

the upper limit of bacterial growth in each line.

all plasmid-mediated class C B-lactamases of the positive con-
trols were detected (Fig. 1C), and no apparent changes in the
morphology of the growth-inhibitory zone were observed for
the negative controls producing other classes of p-lactamases
(Fig. 2). For E. coli NCB03522 and K. pneumoniae NCB02189,
which produce plasmid-mediated CMY-2 or DHA-1 together
with CTX-M-9, the center-to-center distance between the
CAZ and the APB disks should be shortened to 12 mm in
order to detect a more discernible expansion of the growth-
inhibitory zone around the CAZ disk toward the APB disk.

The microdilution method is one of the most familiar meth-
ods for the determination of MICs in clinical laboratories due
to the recent introduction of rapid automated bacterial iden-
tification and antimicrobial susceptibility test systems. Three
hundred micrograms of APB was added to the serial dilution
of CAZ, and the MICs of CAZ determined with and without
APB were compared according to the methods recommended
by CLSI (27). The MICs appeared to be similar to those shown
in Table 1, which were determined by the agar dilution meth-
od, according to the recommendations of CLSI (28). More
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