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The Clinical and Laboratory Standards Institute (CLSI)
and the European Committee on Antimicrobial Susce-
ptibility Testing (EUCAST) have recently revised the
susceptibility interpretive criteria of oxyimino- S-lactams
and carbapenems for Enterobacteriaceae. According
to the new criteria, susceptibility testing results are
sufficient to detect extended-spectrum B-lactamases
(ESBLs) and carbapenemases; it is not necessary to
perform ESBL or carbapenemase detection tests for
therapeutic purposes. Thus, it has been recomme-
nded that these related tests be performed only for
infection control. These changes in the susceptibility
guidelines are supported by some clinical cases and
the results of pharmacodynamic and animal studies.
However, differences still exist between the break-
points established by the CLSI and EUCAST with re-
gard to some oxyimino- S-lactam and carbapenem an-
tibiotics, in particular, the breakpoints for ceftazidime
and cefepime established by the CLSI are higher than

INTRODUCTION

20101 ©]#7}A] Clinical and Laboratory Standards Institute
(CLSI)ollA+= extended-spectrum S-lactamase (ESBL)7} Entero-
bacteriaceae®l ™E+ cephalosporindle] ZH<FAS #s}A]17]7]
ullitell ESBL HEA1% 5 Algsto] ESBL FAQ d5~ 2
AAE Aol BAgle] BE cephalosporinA| S WALE B
st} 8492 carbapenemol] gt ZHEAd o] #16}El Enter-
obacteriaceae= carbapenemase JA& 7AZ3s17] $1sto] modi-
fied Hodge AlG(MHT)& Ale§ Z1& Aarslek1].

a&u, #oll= CLSI®F European Committee on Antimi-
crobial Susceptibility Testing (EUCAST)ell4 L+ oxyimino- 5-

those established by the EUCAST. Also, similar num-
bers of successful and unsuccessful cases have been
reported regarding the use of cephalosporins or car-
bapenems in treating infections caused by low-mini-
mal inhibitory concentration (MIC) ESBL-producers or
low-MIC carbapenemase-producers. Finally, routine
susceptibility test methods are not as accurate as re-
search-purpose test methods, showing differences in
MICs ranging approximately from 1 to 8 zg/mL. In
conclusion, it is strategically prudent to continue to
perform ESBL and carbapenemase detection tests
and to avoid the use of the corresponding antimicro-
bial agents for the treatment of ESBL- or carbapene-
mase-producing bacterial infections. (Ann Clin Microbiol
2013;16:111-119)
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ESBL PHENOTYPIC TEST
1. Double disk synergy (DDS) A&

DDS Al¥2 amoxicillin-clavulanate®} Z+2+e] cefotaxime,
ceftazidime, cefpodoxime, cefepime 5= aztreonam TJ2ZL Ab
olollA] AN Z7F8H(potentiation, synergy)e] VFERFH
ESBL BATFE Bshe Aldelv4]. Adsta 7Hdsi
AlgPe ¢ glom B Aldg o R A & v AR
o] 9o} wFolu} B-lactamase®] Foll wlg}l F tja= 7+
o MG 7o v gHEe] AR FaAl Heto]
3l o] A 7] ulitell A o] "ojA] = Zlo] vl

2. CLSI ESBL EZIAIE

tATHS o]-83t CLSI AA| L cefotaxime-clavulanate
W+ ceftazidime-clavulanate U232 A7} 42+2] cefo-
taxime o+ ceftazidime U&= Aol B]#] 5 mm o4
7Vl ESBL BATFE WA s Algdolch. Ax|ulA] v]=k
3|AHE ]88 CLSI FXIAEL cefotaxime-clavulanate®]
minimal inhibitory concentration (MIC)®] cefotaxime2] MIC X
t} 3 3 Aulg o)A YA ceftazidime-clavulanate®] MIC7}
ceftazidime2] MIC 2.t} 3ul] o] Yow] ESBL A FFE 3
R} 44 AERAES L o] Aol ol B
o] ESBLE st ek, 2713k ABY 4 glov] 247]
o] AaA oA AARPE AR S T T Qike
AHo| o} Klebsiella spp., Escherichia coli, Proteus mir-

abilisell Al AA7} 7Hssleh2].
3. AmpC B-lactamase {H|H| &7 ESBL CIATAIS

ESBLZ} AmpC B-lactamase (AmpC)E 3| AAdsl= F5F
+ DDS AJge|u} CLSI ESBL #Hx1A18llA ESBL 954+
B 4 Qi) o]+ clavulanateol] 28 ESBL S A& AmpC7}
Al = 7] wiZelehs]. o]F K4kt ¢ e e
CLSI t]&3 RA gl Agsle A t]A=39] cefotax-
ime, ceftazidime, cefotaxime-clavulanate, ceftazidime-clavula-
nateol] AmpC 2} A|A]Q] phenylboronic acidt} cloxacilling “47}
o] CLSI Y 22 st BANES Aga
ESBLY} AmpCE §Aloll AASl= E. coli, Kiebsiella spp., P.
mirabilis| A% ESBL& tiH-& A= 4 & wuk oz}
AmpCE AXAH o2 Zk31 Q)= Enterobacter, Serratia marces-
cens, Citrobacter freundii ‘A% ESBL A4S Aes] 743
3k = drHe6-8].

CARBAPENEMASE PHENOTYPIC TEST

FHe] %, FT 0] imipenemo]ut meropenem 52| car-

bapenemAlo| = WA Q1 Acinetobacter baumannii7} S3AHL-&
FHoE FAsHA F7FskaL glom opF e EEA|F carbape-
nemase A4 Enterobacteriaceae (CPE)®] X1 % A2} Z7)s)
3 e} o]E gt AlFEL B-lactamAlE EE, fluoroquinolone
A, aminoglycosideA, trimethoprim-sulfamethoxazole 5l W}
e 2ol 3kAte] A 5ot ghedste]ol] Avketr FAZF = gl
th 53], o] Altell o3t F5AA> ALET ol3hgo] -
ETHII.

o] 54 WAkl 2)3l carbapenemAlel] WAl ¥ o=
th34 9l B-lactamase?] carbapenemase™ amino acid A]%ol|
w2} Ambler class A (serine carbapenemases), class B (metallo-
B-lactamase, MBL), class D (OXA carbapenemases) 2 gt}
Class A= GAAA Q1 NmcA, Sme, IMI-1, SFC7} 93 plas-
midd ¢l KPC, IMI-2, GES-5 5°] $JtH10]. Class AollA+
KPC7} 714 &l 1996d0l] u]=) F-FollA A5 wh7d= o] &
ol A2 RAGTHI). FHE ob ol =
EAE g o7} Bl vl 9lrH12,13]. Class BE VIMZ} IMP
7} EskaL #Zell= NDMeo| F5458] F7kstar ghek14]. Lol
Al B35 IMP-1 A S. marcescens?} ) Z%2] MBL A #5
31[15], SHroll A= SIM o] B3l ulr} 9lel{16]. Class D
olli= OXA, PSE7} 131 OXA-487F el A|2-¢ wEEo] Al
< JERIA 9leH10,17]. @A) CPEE plasmidel] o]l HHals]
+ KPC (class A), VIMZ} NDM (class B), OXA-48 (class D)
ol 7H &3}t AmpC B CTX-M ESBL 484l porin 72
£o] S 9ol = carbapenem MICE 7M1 = 91&
v I ol|A Ee|5]= carbapenem WA Enterobacteriaceae
(CRE)®] th¥-o] AmpC 2343 porin 7A<=0] FHEE 790
tH{18-20].

FE Fo HAWA a2 AdFel HAWA Pseudomonas
aeruginosa (MRPA), THAIWA A. baumannii (MRAB), CRE®I|
]38k 7+d o] methicillin WAl Staphylococcus aureus, vancomy-
cin WAl S. aureus, vancomycin WAl Enterococcus 7333} 7|
dedERdEso g AR, L5 carbapenemase HEA]
Yol Bgof] SANEM A carbapenemase 7EA1H 2] LQAlo]
FoiE L 9L

Carbapenemase 83 AJ&oll= carbapenemase2] 4] o F-
£ 7AZs= MHTS} Carba NP Al o] 9o carbapene-
mase®] type (class A, B, D)= 7H43F 4= Q)= Carba NP 1T 4]
&3} carbapenemase JAA|E Fo] ArKTable 1).

1. Modified hodge A|&!

MHT% CLSI A& ol wle}A] 0.5 McFarlandoll 9= E. coli
ATCC 25922 oHS Mueller-Hinton ®iA]o] B}EIL mer-
openem (Y= ertapenem) HAFE F2 &, Ul s o

A Hzaa FHEellA uPgEe g Siert 3522°C, ti712Hd ol
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Table 1. Interpretation of carbapenemase phenotypic tests

Test Carbapenemase AmpC with ESBL with
Class A Class B Class D porin loss porin loss
Modified hodge + + + +/- +/-
Carba NP + + + - -
Carba NP II
Imipenem+tazobactam - + + - -
Imipenem+EDTA + - + - -
Carbapenemase inhibition
Meropenem+PBA + - - +/- -
Meropenem+CLX - - - +/- -
Meropenem+DPA - + - - -

Abbreviations: EDTA, ethylene diamine tetra-acetic acid; PBA, phenylboronic acid; CLX, cloxacillin; DPA, dipicolinic acid.

A 16-20A17F wieket & it
7}=l" carbapenemase Al L

= AmpC A4} porin 72
TFE 7 g s 2y

=
F oo AeiE Holl=

1e Bele] Pl 2
HA43H2]. CTX-M ESBL
Ul carbapenem |74
[21], €& NDM-1 A
t}H22].

(5 Jﬁ

o

b

of

]

ok -l)'
X0
f

2. Catha NP & Carba NP 1I A|&

Carba NP AJ§] W2 tha-3t Zhe}. 1.5 mL tubeol] 100 #L2]
20 mM Tris-HCI lysis bufferg {3 o4 o =S ulbA] o]
tubeol] go| 4=tk Alte] Sl Es Aol 304 W3 ¥
10,000 go-& 527k AAEegek 2 A4 75 96 well mi-
croplate®] 2712] well (solution A, 100 #L; solution A-+imipe-
nem 3 mg/mL, 100 pL)& o]-&-3kc}. AR 8 ubed] 45
30 #LE 1Y welld} 29 wellol] ZH7} 2576}al pipettes ©]-83F
of 4=tk 37°Coll Hh 2A17F F4F ek 3 Ao wW3kE At
o} 19 well?} 2 wello] B w7k o] ] carbapenemase 941,
14 wello] wh7dAo] 31 26 wello] Q&AM w= wdtAlo]n
carbapenemase 94, 191 well I} 2H wello] 255 iAo I
= 8712 943} Solution A 2 mLe] 0.5% (wt/vol) phenol
red solution¥} 16.6 mL BHFEFTE 412 ol IN NaOH &
NS 324 H7bete] pH 782 2 ¥ #F557H 0.1 mM
o] H%=5 180 L9 10 mM ZnSOsE Yol A|=3ke}. Carba
NP A& KPC, MBL, OXA A4 Enterobacteriaceae®} MBL
AA P. aeruginosadll B YA Holx AmpC AAF} porin
7A$=0] FHV= Enterobacteriaceaes B <415 Ko MHTo|
Aok 22 23 54T sl ol A9 e AAE A 9
th. MHT+= 85t wlioke] s asht o] ZAE 2417 A9 #l
% 3 AiE & e AL HAe|ek Carba NP A30]
100%2] dIR1%9} 100%2] o5 Hlrhs Harl glek23].

Carba NP II A]$2 carbapenemase®] A4 o] 52} carbape-
nemase types Al A& ¢ de AHeR 74 A F

2 96 well microplate®] 4719] well (solution A well, solution

A-+timipenem well, solution A+imipenem+tazobactam well, sol-
ution A+imipenem+EDTA well)= ©]-83}0] Carba NP AJ&l3}
722 vy o g X3t} Solution A+imipenem well#} solution
A+imipenem+EDTA welle] 9F4o]H class A carbapenemase
&, solution A+imipenem wellZ} solution A+imipenem+tazo-
bactam wello] %FAJo|H class B carbapenemase®, solution
A-+timipenem well, solution A-+imipenem+tazobactam well, sol-
ation A+imipenem+EDTA wello| 2 oFAJo|™ class D carba-
penemase® FHF3kc}. Carba NP 11 AL E 100%2] o7%
100%2] Sol=F Holrka slirh24].

3. Carbapenemase 2{X|A|S

Carbapenemase 2} Al S carbapenemA|oll 574 carbapene-

mase HAAE 71310 carbapenemased] TAS A Alst=
2| & o] 83 ZA o]t} Class A carbapenemase®] &< $13l
A]+= phenylboronic acidE,, class B carbapenemase (MBL)2] 7
%5 $l84 = EDTAY dipicolinic acidE A AAZ o]-&3tc}.
Carbapenemase &} AJAl & meropenem T]A=2] At Hr}
carbapenemase JA|A|E =3t meropenem T]A=] A
7} Z7H4-5 mm o] )3l=A & X combination T]~F Alg
o|tH25,26]. odlE 9] class A carbapenemase?] KPC A4 K.
preumoniaex= combination T|A&Z A&ollA]  phenylboronic
acidE 718 meropenem t1&22] AA|H7} 5 mm o4 7}
st} Class B carbapenemase?] VIM Al P. aeruginosa$}t
NDM-1 A K. pneumoniae= combination T]2~Z Al g el 4]
dipicolinic acid& 3 7}8F meropenem t]A~=2] AA|tN7} 5 mm
o] Z71gket. AmpC A3} porin Z<E0] 8 K preumo-
niaex= combination T{A&= A]&ol|4] phenylboronic acidE
718+ meropenem T A8} cloxacilling 7}F¢ meropenem ¢
2239 A7} 5 mm o]} F713ket o] flell= MBL A4
o] 5 A& 4 U+ £ Etest MBL strip (bioMerieux,
Marcy-I’Etoile, France) 5] it}
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Table 2. Old and new interpretative standards for Enterobacteriaceae

Breakpoint (4 g/mL)

Organization oud New
CTX CAZ IPM CTX CAZ IPM
CRO ATM FEP MPM EPM CRO ATM FEP MPM EPM DPM
CLSI S< 8 8 8 4 2 1 4 8 1 0.5 1
R= 64 32 32 16 8 4 16 32 4 1 4
EUCAST S< 1 1 1 2 0.5 1 1 1 2 0.5 1
R= 4 16 16 16 2 4 8 8 16 2 8

Abbreviations: CTX, cefotaxime; CRO, ceftriaxone; CAZ, ceftazidime; ATM, aztreonam; IPM, imipenem; MPM, meropenem; EPM, ertapenem;

DPM, doripenem; S, susceptible; R, resistant.

NEW INTERPRETIVE STANDARDS AND
GUIDELINES OF CEPHALOSPORINS,
AZTREONAM, AND CARBAPENEM

SUSCEPTIBILITY TESTING

= O

o A

CLSHE S5, Shefeh, QA is), MIC $E 5 34
ol o2
ceftizoxime, ceftazidime)®} aztreonam 2! carbapenemA|(ertape-
nem, imipenem, meropenem)2] Z<AAIE #1447 2010-
201130l ¥73 sl 3Ack(Table 2). o] 7155 A8l 919] 3+
Aol gt =4 A18 A 3HE ESBLo|U carbapenemase 4
o] 59} FAlgle] aU|E Hrsly] wligol] ZrAAIY A B
35 913k ESBL A 1 o & gieka sigictk |,
moxalactam, cefonicid, cefamandole, cefoperazoneol] A+
ok 77} olslAA) Skl wlEel E. coli, Kiebsiella spp.
Proteus spp.oll thate] o] ekA|2] A A% S & wi= ESBL
AEAUE o] Aelo] ESBL ool thonl WA oE 1
3ol gk sk9ick MHTE 93t == Zdde] 530
ul APt % $}9ic). CarbapenemAlS] MICY < A|th7} 7+
el &3l Tl 23k Zed Aol carbapenemAlE 2l
Eor FolaiAy A AL7I7e AAslEta k9l
t}. WA= carbapenemAl| A7 A4 wieE thes
olajlof gheka s1gleh. KA, carbapenemA|2] MICLE o A|th7}
Z2F "ol S3l= T 7ol Uit carbapenemA| X 52 ¢
44 e
Morganella spp.2] imipenem MICT meropenem®]t} doripenem
o] MICH Y} =2 Z3-E HIchMIC7F 7 e WS 1
Q). o] FEE-L carbapenemase ©] 2] 2] 7| Aol 2] MIC7}
7 = ieh2).

EUCASTOI A+ EUCASTOA A3t Enterobacteriaceae®] ™
3t cephalosporinAl®} carbapenemA|e] ZFA7|FE wlEH
M
A=Y F Aoz sisick

1=
ki
cephalosporinA](cefazolin, cefotaxime, ceftriaxone,

)
=

S84}, E#l, Proteus spp., Providencia spp.,

ESBL, plasmid-mediated AmpC, carbapenemases -3}k
Ao Fe3k VAL o

S o
= T

(Table 2). G T+ 3, 44l cephalosporinAl] F=3= carbape-

nemAlel] ZHEAgolut T B glont AA AiE B
315}31 ESBLY} carbapenemase 71ZEA|HS Zhoddte] Exjog
uk Aleistelar sldcl. ESBL A4 Enterobacteriaceae (EPE)
= CPE7} Z47+9] cephalosporinA] B+ carbapenemAllol] 7+
TAE HoE A AR H szl s1¢ick. Imipenem
Proteus spp., Providencia spp., Morganella spp.ollA A&% W
Aol &slrtar s3icH27].

L M2E 27180 A9 2A

Azg BRI A A% A, SRR we QT
ol] 2Js}H cephalosporinA|9] breakpointE 1-4 pgmLE Zo]
% cephalosporin®] X557} MIC o|4o 2 §A|=cla s
9 31[28], A, T2 0|4 MIC7} 22 EPE 7933} H| EPE
Fed o] of|Fell Xto]7F A3 MIC7} o] F23F ol 1A=
A== 7[29], AlA, cephalosporin 744 EPE 743 2]
X5 Asfjol] digt o] 9] W HarEo] 8-16 pg/mLe] MICE
HAW 7579 Ao o] F5= AE MAH 7|5l s
ZHrAdo] ofygle ZolvH30]. Carbapenem MICS} CPE 7+
9] FAE o]} F-AFsto, carbapenem MIC7} 4 pg/mL w]|wH]
ZA$-oll= VIM AA K. pneumoniae 8774} carbapene-
mase 94 K. pneumoniae B33 2] A-Eol Xpo|7} gl
U MIC7} 4 pg/mL o]40]90E VIM %A Kiebsiella 8577+
o] AEZ 2.9%F FA3] F7Fslsivhke Bavt glek3l).
53] oFelA &AskE B-lactamase A4 TS X 24
o] Fexpt & = gleke Aol &AsH 1A cephalospor-

N X

W o

o
KR
=

in A2Q] TEM B-lactamaseel] 2J3l] o} = QIAE o]
AR TN o3k g2 3delle o] w91t a3t 9l

tH32]. tlrthg A3 Al B-lactamase®} s3HH S B-lactamase
o] ZAE EEHslch olE Eol TEM-12% ceftazidimeol] &
8-S FAF cefotaxime?} ceftriaxoneol] tHall A= 1-2 3] 4 ul

I uFZ] MIC (0.03 pg/mL— 0.06-0.12 pg/mL)H-S Z7}A]
7 fPo|t}33]. o|9} Fro] k3t EPEe isA7bA] Y2H o2
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cefotaximeZ} ceftriaxoneol] WA olgt A= AL A7}
st

2. M2 XE9| EZHIH

Enterobacteriaceae®l] ™so] ESBLI} carbapenemase 74|
e oHA] gk A 715l Qs Anpnte 2 X85 A3t
the AR 37HA] Fa3k A1) Qlck

AA#, CLSIS®} EUCASTE] €5 oxyimino- B-lactamA|$} car-
bapenemA| 8] ZHFA] 7|50l Xpo]7h 2 ot} 20124 =l 30
N WAollA 53 282542 ESBL A E. coli®} K. pneumo-
niaeol] Hs}o] cefotaxime, ceftazidime, cefepime®] MICE- gH4
Son 243 A3 ALE (LS| AEE 489S o)
SR FF7F MIC 4 pg/mL o] 4o 2 WAo]
o, ceftazidimes E. coli®| 39.7%, K. pneumoniae2| 6.0%
7} ZHrAd ol 9 A, cefepime E. coli®] 62.1%, K. pneumoniae
] 43.4%7} Ao ek(Fig. 1, vIWE ZHE). Song 513419
Aol A= FlellA] HelH 945-9] ESBL H=& AmpC R84
Enterobacteriaceae =, M E-3 CLSI/EUCAST 7]50l] 2J3} cef-
tazidime, aztreonam, cefepime, imipenem®] 7HrAlEo| 22+
27.7%/8.5%, 39.4%/14.9%, 75.5%/33.0%, 80.9%/95.7%% L}E}

cefotaxime

140
] E. coli 132
120 4 Il K. pneumoniae
8 100 -
©
2 80
G
@
Q
[S
>
z
22 22
il i
B
T T T —
<1 2 4 8 16 32 >64
Ceftazidime MIC (ng/mL)
45
1 E. coli 30
401 WM K. pneumoniae
[}
2
b 28 27
[e]
i)
G
o}
Qo
5 12
z
7
L

<05 1 2 4 8 16 32 =264
Cefepime MIC (ug/mL)

2 Aol & K}

=4, MIC7} Y2 EPE = CPEl €&k 7Hdel] cepha-
losporinA|u} carbapenemA| 2 %] §5}= Zo] &3V} vle= &
A7} obF FEskAl Fastrhs Zlolek. Paterson 530]¢] 1
o b Y2 MIC (0.52 pg/mL)E Hel 5d9] 8= F
26]I= cephalosporin X 5oll Aljslaiar 3dle AFakaich
MIC7} 0.5 pg/mLIH 2¢d] ZF € ol|i= cephalosporin %] &0l A
Tl & o= Auslyel. 2E8l3l cephalosporin MIC7}H
0.5-4 pg/mLel o8] oJ]Fo] cephalosporin %] Fol] Asfis}ic).
=, MIC7t G275 X8 435S /1A% EPES] W
MIC7} X 8432 Bt AFE oideh= Z2e & F AUk

CTX-M A TFFol Bt ceftazidime X| S &35 thekst 7
& HQlvh Bin S35 FellA] A3k 7¢l19] MIC 0.5-8
pg/mL8l CTX-M A K. pneumoniae 7F850] B ceftazi-
dimeol] A o2 X g5vka Harsgict vhHel] Ho 5{36]
£ ceftazidime T]&=0l] 18 mm ©]AY] AAHNE Hel 749
ESBL A E. coli 733N A 49l ceftazidime X Fol] Asfs}
R o] 5 3elle AFgBigickaL #3iet. o] 76l F 69dl7} CTX-
M-9 B CTX-M-14913L Etest® 543 ceftazidime®] MICE
0.06-1 pg/mLSitl. X80l Adlgt o F 3= ceftazidime

1807 1 E. coli 165
1601 EM K. pneumoniae
140
120 113
100
80
60
40
20
0 T T T )

Number of isolates

Cefotaxime MIC (ng/mL)

Fig. 1. Distribution of MICs by new CLSI interpretation criteria
for E. coli and K. pneumoniae isolates producing ESBLs in
Korea.
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MIC7} 0.75-1 pg/mLlT X Eoll AFHA o] F 34lE 0.06-
0.5 pg/mL3ir}. weba] MIC7F X5 &7k} o] 9l v}
ERJT} FAoll ceftazidime®] 74 7]F0] EUCAST = &
s CLSION ZAkehe AUt o dolok Heke A4S <ol
7|5 &lr] Yo MICE Kol CTX-M FF7edol ceftazidime
T ASE & Jehe AT & 5 oA ek
Carbapenem¥} CPEel| thell A= o} dlo|E7} &3 72+
TA-e] Qltt Daikos S{31]< VIM 284 K. pneumoniae
g9 X F 875 FE5=1| carbapenem MIC 4 pg/mLE
Alsk3) o1}, Weisenberg 537]0] KPC A K. pneumoniae

3t QAT A A Aol oshH, MIC 4 pg/mL
2 TR slckar #gick B3t carbapenemase 4343 0]
& 7$ollE carbapenemase ZEAIE S Alddsl= Zlo]
] FAs carbapenemase A 73-F-oll= 3k FoJai A
carbapenems AH-&8llok 3l E3] carbapenem YEX 2 I
sok ek 23k

AR, e Alfsle AR AAs
e Al 72 5 iAol ok - ow Al
e ArAAIE e MIC7E Fesie A Alstell ESBL B
carbapenemase % $lo] AT Apiro g X8 oFAIE
A = vk A7t 7hsslvka & o ek thiEEe] <
A AN A = AR taa S o] &8l
AAEE sha k. dub o 2 HEse| o] MICTL 7%
2)] 4-8uH(2-3 3] Aful<r) ML) Holl QLo Htew A3ict
[38]. webAl Enterobacteriaceaeol] W3t cephalosporin MICS]
73%, FA A 1919 0.06-0.25 pg/mLel FFol ]|
1-4 pgmL}l 95 24 AoE aE Bashe Aol
A8 e

TulellA E2]% 26259 EPEE tIF2E Vitek 2 (bioMe-
rieux, Hazelwood, MO, USA)®} MicroScan (Siemens, West
Secramento, CA, USA) A-53FH] 9] cefotaxime, ceftazidime,
cefepime MICE P3| W} v|23t 73} E3] ceftazidime
T} cefepimeol] TeF Y X]&(categorical agreement)o] mi-$- Y9k
chElE 218). d=9] 47 A TEM-10 ceftazidimase
A4 E. coli NCTC 13352 #F5 Hu] tyi=ayor A
3 103] AAE Alegagict. s ZAAMoNA] ceftazidime WA
= Hlou} cefotaximes 83 T2 A7t vheFabAl o
EFAL cefepimes 7+ WAdo] chekstAl Ueldch32].

CPE®] #rAA1E Aate o hekebA Yehtes Zle & o
#A drk 11529] KPC A K. pneumoniael] g+ Vitek 29}
Etest®] MIC A7} B5F Ax|ebA] gokhes vl 9l
[37], KPC A K. pneumoniaeol Wt Vitek 29} HF291 W
-5 o] 838k meropenem MIC LX] 7} 23%¢l E3}s131tH39].
552 VIM B4 K. pneumoniaeol] W3l A= Hx|ufA] w]=ks]
Aol 28t imipenem MICE 2-4 pg/mLg].o1} Vitek 20114

o fo o X ¢y rlo

o>

E\

© 8216 pg/mLYIL PhoenixollA& =16 pg/mLE Hof W
ZFol & H.SIrH40]. British Society for Antimicrobial Chemo-
therapy (BSAC) 3FAS| WO Z imipenem 8 pg/mL, mer-
openem 16 pg/mLel K. pneumoniae 0555 (MAIA o723l
KPC 234X K. pneumoniae ST258)% o|-8-sto] o= ofg] 7]
shollA) AE] 2 AR MIC AT oS- ehestel, imi
penem 0.5-= 32 pg/mL, meropenem 0.25-> 64 pg/mLZ o}
Elskeh. BSACH .2 A3l 7350l A = 567|3 5 387]3ko]
imipenem 724, 1177 713 £ 107|132k meropenem 74
o|RtH41,42]. o]} o] AAAQ fe8FFEol carbapenem
Alol] w9 vhekdt ZrAAIR AFE HolAl Hof AR
A3z Qlal FAA3E X 87} e} o3k P E 1
2% ull, ESBLo|1} carbapenemase &2 HFEA] I @3} o]
147} 715 7Solle A Eell: WS sfjof 3tk

REPORTING OF ESBL AND CARBAPENEMASE
DETECTION TESTS

Enterobacteriaceaedl| T3+ ZHAAEE & thgoll ESBL
o)Al thsle] ESBL HEAIRS Al =W F71E 3%
7t A ZAe|A ok 53] F53A3AR] A= ol 2 Qe A
E7}F =014 A2t vl 4= 9dvH43, 44]. wEkA] ESBL 7
ZAIg o] AR FAlol o]H A= Zlo] Frt. o] AbE
Shu|ol| A& ESBL ZA13 0] EAlell o] fA L gick v
He AHdshe AN E 28RS & o ceftazidime
3} cefotaxime U]~ Abolol] amoxicillin-clavulanate S £+
7t} combination HAFE $7 AL-gsl= Zlo] Zt}. Cephalo-
sporin H|ZHFAl S AAEshe AE3 A o]8-3le el
A mk2 AgsA] A8 5 Qivk o, o] #iZ]= ESBL it
oluz} AmpCut carbapenemase A FFE A o+ Uk

201041 ©]Ae] CLSI 7|58 A-gsto] MICH 53
5) BT txaasiyo g A Aldse A-Selle
ESBL ZHAZAIY-g Alslo] kAol L}2™ cephalosporinAl
(cephamycinA| = Al2])9} aztreoname 74 A% ZAzte} 4
Aglo] B WA HarsfoR Fet. 20104 Hs 1 0] 2]
CLSI 718 A §to] MICH(HE33] 5) e o 2zis)
Aoz PRUARE At A5elE ESBL A3 A9 E
Alesls] 2 73} Adaglo] cephalosporinAl2} aztreonam)
AT AE 2E Basla, ESBL YA Aol
“EPE°l|] ¥} cephalosporinA|®} aztreonam®] X & &3+ &3t
ekt hES Wudel 37k Zo] AAY Aol

CPEQ| carbapenemAloll tidt Z<A AL CLSI Ee
EUCAST®] 74 st 7]l whal Harghek 20101 ©]%1¢]
CLSI 7|58 Hgsto] MICH & t2zgigo g 74

A& AlePsl= 73$oll= carbapenemase HEAIYS A3}
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o] ok o] 1} 9™ carbapenemAl= A Al Azte} Akl
o] 5% Yoz Hasfof gt 20101 B L o] 32| CLSI
7158 A&sle] MICH B taasiiy o2 A S
A8t 790l carbapenemase HEAIH S Alddsls 1 Z
e} A#glo] carbapenemAle] ZFAAIY ZARE avlg B
31gke}, 28} carbapenemase F-AIAME 23 9l oA carba-
penemA|ol] ZHpEAS Kol 7o A 2ol ofF &3
Ast2 & “carbapenemA] 7+54Ql CPEE carbapenemA|ol] o]
g X sayt 2848 carbapenemAle] HEXEE 471sE
thre WeE Halel] F7lslke Aol AAY Zlelck

DISCUSSION

CLSI®} EUCASTY] Enterobacteriaceae®| thalk A28 A A
ollA AAS= “ESBLO|Y carbapenemase AJA]oF-ol= A
A

$lo] oxyimino- -lactamAl| = carbapenemA|E 7+

A3 Z B 3s}3 ESBL HEA]g o]} carbapenemase 71 EA]
e zadzla] 22 o gul Azl 2 4S KA, CLSI9H
EUCAST®] U5 g Aol tizt 24750l Apol7t 231, &
A, ob2 4 Xz &t i3t dlole|7t BiEEetar, AlA,
A Aol Aot =4 ¢k AAEE Aol
A EA7E ek

2 MICE Yol CPE 74942 o2 MICSE X| 587}l f
QA BlolEl} Bk, A As) ol oz A
T e A3 A7} obF gl7] wiEol] carbapenem A
off AAZE F2l7} I g@}rt.

ofo gt rﬁ’i

ACKNOWLEDGMENTS

o] g7= 20124 i
o Fasl9) 2.

o] odFof| ik AL alFAl Al AlBEk Y o]
A 2, o3kl °]FHE%34°J olulof T, AFTe| ]
AR ALY ol Fg Y, A ALobAH Y A
, A1 g R~ Y AASE gy, A

B SR AT olodd sAA 7H =Ry

Qe 4R S] ATH] ALS L

(<

a5

REFERENCES

1. Clinical and Laboratory Standards Institute. Performance Standards
for Antimicrobial Susceptibility Testing: Nineteenth Informational
Supplement. Document M100-S19. Wayne, PA; Clinical and La-
boratory Standards Institute, 2009.

2. Clinical and Laboratory Standards Institute. Performance Standards
for Antimicrobial Susceptibility Testing: Twenty-first Informational
Supplement. Document M100-S21. Wayne, PA; Clinical and La-
boratory Standards Institute, 2011.

10.

11

12.

13.

14.

15.

16.

17.

18.

117

. Leclercq R, Cantén R, Brown DF, Giske CG, Heisig P, MacGowan

AP, et al. EUCAST expert rules in antimicrobial susceptibility
testing. Clin Microbiol Infect 2013;19:141-60.

. Thomson KS and Sanders CC. Detection of extended-spectrum

beta-lactamases in members of the family Enterobacteriaceae:
comparison of the double-disk and three-dimensional tests. Antimi-
crob Agents Chemother 1992;36:1877-82.

. Coudron PE. Inhibitor-based methods for detection of plasmid-

mediated AmpC beta-lactamases in Klebsiella spp., Escherichia
coli, and Proteus mirabilis. J Clin Microbiol 2005;43:4163-7.

. Song W, Jeong SH, Kim JS, Kim HS, Shin DH, Roh KH, et al.

Use of boronic acid disk methods to detect the combined expres-
sion of plasmid-mediated AmpC beta-lactamases and extended-
spectrum beta-lactamases in clinical isolates of Klebsiella spp.,
Salmonella spp., and Proteus mirabilis. Diagn Microbiol Infect Dis
2007;57:315-8.

. Song W, Bae IK, Lee YN, Lee CH, Lee SH, Jeong SH. Detection

of extended-spectrum beta-lactamases by using boronic acid as an
AmpC beta-lactamase inhibitor in clinical isolates of Klebsiella
spp. and Escherichia coli. J Clin Microbiol 2007;45:1180-4.

. Jeong SH, Song W, Park MJ, Kim JS, Kim HS, Bae IK, et al.

Boronic acid disk tests for identification of extended-spectrum
beta-lactamase production in clinical isolates of Enterobacteriaceae
producing chromosomal AmpC beta-lactamases. Int J Antimicrob
Agents 2008;31:467-71.

. Lee K, Kim MN, Kim JS, Hong HL, Kang JO, Shin JH, et al;

KONSAR Group. Further increases in carbapenem-, amikacin-, and
fluoroquinolone-resistant isolates of Acinetobacter spp. and P.
aeruginosa in Korea: KONSAR study 2009. Yonsei Med J 2011;
52:793-802.

Queenan AM and Bush K. Carbapenemases: the versatile beta-
lactamases. Clin Microbiol Rev 2007;20:440-58.

Nordmann P, Cuzon G, Naas T. The real threat of Klebsiella
pneumoniae carbapenemase-producing bacteria. Lancet Infect Dis
2009;9:228-36.

Rhee JY, Park YK, Shin JY, Choi JY, Lee MY, Peck KR, et al.
KPC-producing extreme drug-resistant Klebsiella pneumoniae isolate
from a patient with diabetes mellitus and chronic renal failure on
hemodialysis in South Korea. Antimicrob Agents Chemother 2010;
54:2278-9.

Roh KH, Lee CK, Sohn JW, Song W, Yong D, Lee K. Isolation
of a Klebsiella pneumoniae isolate of sequence type 258 producing
KPC-2 carbapenemase in Korea. Korean J Lab Med 2011;31:298-
301.

Walsh TR, Toleman MA, Poirel L, Nordmann P. Metallo-beta-
lactamases: the quiet before the storm? Clin Microbiol Rev 2005;
18:306-25.

Ito H, Arakawa Y, Ohsuka S, Wacharotayankun R, Kato N, Ohta
M. Plasmid-mediated dissemination of the metallo-beta-lactamase
gene blane among clinically isolated strains of Serratia marcescens.
Antimicrob Agents Chemother 1995;39:824-9.

Lee K, Yum JH, Yong D, Lee HM, Kim HD, Docquier JD, et al.
Novel acquired metallo-beta-lactamase gene, blasiv.1, in a class 1
integron from Acinetobacter baumannii clinical isolates from Korea.
Antimicrob Agents Chemother 2005;49:4485-91.

Poirel L, Potron A, Nordmann P. OXA-48-like carbapenemases:
the phantom menace. J Antimicrob Chemother 2012;67:1597-606.
Song W, Suh B, Choi JY, Jeong SH, Jeon EH, Lee YK, et al. In
vivo selection of carbapenem-resistant Klebsiella pneumoniae by
OmpK36 loss during meropenem treatment. Diagn Microbiol Infect
Dis 2009;65:447-9.



118 Ann Clin Microbiol

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

2013;16(3):111-119

Shin SY, Bae IK, Kim J, Jeong SH, Yong D, Kim JM, et al.
Resistance to carbapenems in sequence type 11 Klebsiella pneu-
moniae is related to DHA-1 and loss of OmpK35 and/or OmpK36.
J Med Microbiol 2012;61:239-45.

Park YJ, Yu JK, Park KG, Park YG, Lee S, Kim SY, et al.
Prevalence and contributing factors of nonsusceptibility to imipenem
or meropenem in extended-spectrum B-lactamase-producing Kle-
bsiella pneumoniae and Escherichia coli. Diagn Microbiol Infect
Dis 2011;71:87-9.

Cohen Stuart J, Leverstein-Van Hall MA; Dutch Working Party on
the Detection of Highly Resistant Microorganisms. Guideline for
phenotypic screening and confirmation of carbapenemases in Ente-
robacteriaceae. Int J Antimicrob Agents 2010;36:205-10.

Girlich D, Poirel L, Nordmann P. Value of the modified Hodge test
for detection of emerging carbapenemases in Enterobacteriaceae. J
Clin Microbiol 2012;50:477-9.

Nordmann P, Poirel L, Dortet L. Rapid detection of carbapenemase-
producing Enterobacteriaceae. Emerg Infect Dis 2012;18:1503-7.
Dortet L, Poirel L, Nordmann P. Rapid identification of carba-
penemase types in Enterobacteriaceae and Pseudomonas spp. by
using a biochemical test. Antimicrob Agents Chemother 2012;56:
6437-40.

Giske CG, Gezelius L, Samuelsen @, Warner M, Sundsfjord A,
Woodford N. A sensitive and specific phenotypic assay for
detection of metallo- S-lactamases and KPC in Klebsiella pneumo-
niae with the use of meropenem disks supplemented with amino-
phenylboronic acid, dipicolinic acid and cloxacillin. Clin Microbiol
Infect 2011;17:552-6.

Tsakris A, Themeli-Digalaki K, Poulou A, Vrioni G, Voulgari E,
Koumaki V, et al. Comparative evaluation of combined-disk tests
using different boronic acid compounds for detection of klebsiella
pneumoniae carbapenemase-producing enterobacteriaceae clinical
isolates. J Clin Microbiol 2011;49:2804-9.

European Committee on Antimicrobial Susceptibility Testing.
EUCAST clinical breakpoint v 3.1. http://www.eucast.org/clinical
breakpoints/ [Online] (last visited on 1 June 2013).

Andes D and Craig WA. Treatment of infections with ESBL-pro-
ducing organisms: pharmacokinetic and pharmacodynamic consi-
derations. Clin Microbiol Infect 2005;11(Suppl 6):10-7.

Maglio D, Ong C, Banevicius MA, Geng Q, Nightingale CH,
Nicolau DP. Determination of the in vivo pharmacodynamic profile
of cefepime against extended-spectrum-beta-lactamase-producing
Escherichia coli at various inocula. Antimicrob Agents Chemother
2004;48:1941-7.

Paterson DL, Ko WC, Von Gottberg A, Casellas JM, Mulazimoglu
L, Klugman KP, et al. Outcome of cephalosporin treatment for
serious infections due to apparently susceptible organisms produ-
cing extended-spectrum beta-lactamases: implications for the clinical
microbiology laboratory. J Clin Microbiol 2001;39:2206-12.
Daikos GL, Petrikkos P, Psichogiou M, Kosmidis C, Vryonis E,
Skoutelis A, et al. Prospective observational study of the impact of
VIM-1 metallo-beta-lactamase on the outcome of patients with
Klebsiella pneumoniae bloodstream infections. Antimicrob Agents
Chemother 2009;53:1868-73.

Livermore DM, Andrews JM, Hawkey PM, Ho PL, Keness Y, Doi

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Y, et al. Are susceptibility tests enough, or should laboratories still
seek ESBLs and carbapenemases directly? J Antimicrob Chemother
2012;67:1569-77.

Katsanis GP, Spargo J, Ferraro MJ, Sutton L, Jacoby GA. Detec-
tion of Klebsiella pneumoniae and Escherichia coli strains produ-
cing extended-spectrum beta-lactamases. J Clin Microbiol 1994;32:
691-6.

Song W, Park MJ, Kim HS, Kim JS, Kim HS, Lee KM. Com-
parison of Clinical and Laboratory Standards Institute and European
Committee on Antimicrobial Susceptibility Testing breakpoints for
beta-lactams in Enterobacteriaceae producing extended-spectrum
beta-lactamases and/or plasmid-mediated Ampc beta-lactamases.
Korean J Clin Microbiol 2011;14:24-9.

Bin C, Hui W, Renyuan Z, Yongzhong N, Xiuli X, Yingchun X,
et al. Outcome of cephalosporin treatment of bacteremia due to
CTX-M-type extended-spectrum beta-lactamase-producing Escheri-
chia coli. Diagn Microbiol Infect Dis 2006;56:351-7.

Ho PL, Chan WM, Tsang KW, Wong SS, Young K. Bacteremia
caused by Escherichia coli producing extended-spectrum beta-
lactamase: a case-control study of risk factors and outcomes. Scand
J Infect Dis 2002;34:567-73.

Weisenberg SA, Morgan DJ, Espinal-Witter R, Larone DH.
Clinical outcomes of patients with Klebsiella pneumoniae carba-
penemase-producing K. pneumoniae after treatment with imipenem
or meropenem. Diagn Microbiol Infect Dis 2009;64:233-5.
Clinical and Laboratory Standards Institute. Methods for Dilution
Antimicrobial Susceptibility Tests for Bacteria That Grow Aero-
bically; Approved Standard Seventh Edition. Document M7-A7.
Wayne, PA; Clinical and Laboratory Standards Institute, 2006.
Lat A, Clock SA, Wu F, Whittier S, Della-Latta P, Fauntleroy K,
et al. Comparison of polymyxin B, tigecycline, cefepime, and
meropenem MICs for KPC-producing Klebsiella pneumoniae by
broth microdilution, Vitek 2, and Etest. J Clin Microbiol 2011;49:
1795-8.

Giakkoupi P, Tzouvelekis LS, Daikos GL, Miriagou V, Petrikkos
G, Legakis NJ, et al. Discrepancies and interpretation problems in
susceptibility testing of VIM-1-producing Klebsiella pneumoniae
isolates. J Clin Microbiol 2005;43:494-6.

Woodford N, Turton JF, Livermore DM. Multiresistant gram-
negative bacteria: the role of high-risk clones in the dissemination
of antibiotic resistance. FEMS Microbiol Rev 2011;35:736-55.
Kitchel B, Rasheed JK, Patel JB, Srinivasan A, Navon-Venezia S,
Carmeli Y, et al. Molecular epidemiology of KPC-producing Kle-
bsiella pneumoniae isolates in the United States: clonal expansion
of multilocus sequence type 258. Antimicrob Agents Chemother
2009;53:3365-70.

Paul M, Shani V, Muchtar E, Kariv G, Robenshtok E, Leibovici L.
Systematic review and meta-analysis of the efficacy of appropriate
empiric antibiotic therapy for sepsis. Antimicrob Agents Chemother
2010;54:4851-63.

Schwaber MJ and Carmeli Y. Mortality and delay in effective
therapy associated with extended-spectrum beta-lactamase produc-
tion in Enterobacteriaceae bacteraemia: a systematic review and
meta-analysis. J Antimicrob Chemother 2007;60:913-20.



Yeon—Joon Park and Wonkeun Song : Susceptibility Testing, ESBL and Carbapenemases

119

-2ERE-
Enterobacteriaceae®| 4ot B-Lactamf| LLMAAE 1|Z O

Extended-Spectrum B-Lactamase%}

Carbapenemase #&=2 9ot ~M=
"7bERicystm, eRicHStm olmicst ZITHZAte|S Al
Hoi=!, sel3?

#| CLSI®} EUCASTOl A= oxyimino- B-lactamA|$} carbapenemA| 2] 74 7|58 #1743
7Aoo Z ESBLY} carbapenemaseS 7158 = 917] wllifoll ESBLo| Y} carbapenemase 73 28 B o7 A3yt
Lot glom gz Zedgte] X ognt A3 215 At o] *2534]9]' A FEt =AY At
o|9} - FrrAIR A 9] W3S Sinkdetar 9l 1eu CLSI9f EUCAST-/] A5 oxyimino- B-lactam A2} carbapenemAl|
2] 710l zto|7} Qlet. 4] ceftazidime®} cefepime?] 74l 7152 CLSIZ} EUCASTO vl&l B3] =A] AA=o] Q)
o} =4, MIC7} Y2 ESBL AJA] T=3= carbapenemase A4 Enterobacteriaceaeol]l 218+ Z+edol| cephalosporinAlU} carbape-
nemA| £ X| Sl Zo] A} glvhs FellvhE X 5ol Adgicks a7t AARA Haw s ek AlA), gty o s
Algsle AR A8 Aol vlell BAedslo] MIC7F 18 pgmL B2 Xpo|& Ho|A Hrh AEH o=,
ESBL¥} carbapenemase 7134185 Al& A|38s}a ESBL X+ carbapenemase 34 T+ 73 Al tiA ekAl 9] A48 T]s)
= Zlo] A1%3 Aekolzlar gekelr). [Ann Clin Microbiol 2013:16:111-119]
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