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Background : The aims of this study were to survey the nation-wide susceptibilities of Klebsiella
pneumoniae isolates against ceftazidime and cefotaxime and to determine the prevalence of class
A extended-spectrum f-lactamases (ESBLS).

Methods : During the period of February to July 2004, K. pneumoniae isolates intermediate or resis-
tant to ceftazidime and/or cefotaxime were collected from 12 hospitals in Korea. Antimicrobial sus-
ceptibilities were determined by the disk diffusion and the agar dilution methods and ESBL-produc-
tion was by double-disk synergy test. Ceftazidime or cefotaxime-resistance determinants of the ESBL-
producers were transfered to Escherichia coli J53 by transconjugation. Searches for class A ESBL
genes were performed by PCR amplication.

Results : Among 212 clinical K. pneumoniae isolates, 172 (81%) isolates showed positive results
in double-disk synergy test; the most prevalent ESBL was SHV-12 (n=104). Genes encoding ESBLs
including SHV-2 (n=6), SHV-2a (n=17), CTX-M-3 (n=18), CTX-M-9 (n=6), CTX-M-12 (n=1), CTX-M-
14 (n=27), CTX-M-15 (n=3), and a novel CTX-M-type B-lactamases were also detected.

Conclusions : It is concluded that diversity of ESBLs in K. pneumoniae isolates are increasing in
Korea. CTX-M-12 has never been reported in Asia,

FS| £ 20059 99 229 HeH5 1 KJLM1886 and a novel CTX-M-type ESBL has emerged. (Kore-
SHEEHS 20059 1Y 21Y an J Lab Med 2006; 26:21-6)

ARSI @ 2006 29 62
WAMR: A E

- 602-702 PN M7 P 34 Key Words : Klebsiella pneumoniae, Class A
St ozt AeALel el £9BL

23} : 051-990-6373, Fax : 051-990-3034

E-mail : kscpjsh @ns.kosinmed.or kr
FE RS 2005 AFeFEAA Al Aol eJste o] Fojx A9
(050628191602).

21



22

M 2

A FR A B H class A extended-spectrum S-lactama-
se (ESBL)+ TEM-17b, TEM-52, SHV-2a, SHV-5, SHV-
12 522 TEM} SHV o] thEo1t1]. I} 2001
CTX-M-14 XA Klebsiella pneumoniae, Escherichia coli &
Shigella sonneiZ7} B19 AL BEZ 20029 A= 137) B Lo
A B89 E. coli®t K. pneumoniaes thAAC.E 3 ESBLO A
AT ZARIA CTX-M-33 CTX-M-157} A& H 2™, 2003
d HAake] 3k g Yol A E2]¥ Enterobacter cloacaedlX+
CTX-M-97} #&l=o] o] Ttk £33 CTX-M3¥ ESBL
o] s I Tt F7IHAL Yas SUE F UANTH2-41.

CTX-M¥ o]9o| % PER-1, GES-3, VEB-1 $¢] non-TEM/
SHV# ESBLe] oA B H ATk 20012 2002d9] §F of
st ol A Ha)E 9759 Acinetobacter spp. = 5357} PER-
1S AAste] RAERY, 20049 Fake] &b ojshid S3kapal
oAl PER-1 XA A. baumannii®] 93 Hekdo] H1 Ao
U o] 2AE AAsE GuiAle] £E vl $lt56]. VEB
3 ESBL2 x| st HEY x4 Ag Bd & F
2 Fopolell A AZE 9oH 20049 A&l o st
oA VEB-1 XA Proteus mirabilisl] &3 Fgtztdo] Bl
HE ATH7, 8]. GESEE 4, Holzel7l, 4 SoA BaEgl
om, 2003 3] g i HelA GES-3 A4
niae7t Y HATHI].

& A7elldE 2004d A= 1270 oA FH 7 ceftazidime
o} cefotaximedl] =7F & WAQl K. pneumoniaeS A0 2
class A ESBL AA&S 2ARIAL HEd WA 4419 £4
S Fstat stk

K. pneumo-

= A
1. 252 3F

A2 107 =49 12) B0l B 2 ek 2004
2-790 £8)¥ K. pneumoniae 5 cefotaxime®| ceftazidimeol]
2 ES 49 352§ F 207 FU90R 5D 87
oM W FEE #FE FHUZAA Asigich FEE #F
o #5& AEAA At W 2 Vitek GNI card (bioMe-
rieux Vitek Inc, Hazelwood, Mo,, USA) & &<1&t%ith

2. eidH 2N AlE
n]=+2] National Committee for Clinical Laboratory Stan-

dards (NCCLS)9] 7)&o| ulgbrd cefotaximed} ceftazidime
(BBL, Cockeysville, Mich., USA)ol g+ ZAS tjA3 &

ARA10]e 2 Eletaith d+A9] #HAYAlFE (minimum in-
hibitory concentration, MIC)+ NCCLS 334 H[11]08 =
ANl AlY shtA| 2 piperacillin (F3F, ¥), piperacillin-
tazobactam (3F=9}olojA, ML), cefoxitin (59, A1), cef-
tazidime (3], 3}4), ceftazidime-clavulanic acid, cefotaxime
(8=, AE), cefotaxime-clavulanic acid, aztreonam (o}, ¢t
2h 2 imipenem (F¢])& ARSI Clavulanic acid®] ¥
4 pg/mLE ZASUTL E. coli ATCC 25933 EFIFE
A8tk

3. ESBL AAd &0l

[S]
[at}

Double-disk synergyH S & ESBL AAdFE &3t 1
Al 579 W20 2 Mueller-Hinton 3Hdoll 224 HE3 3,
29| 4o = amoxicillin-clavulanic acid (20/10 pg, BBL),
I FHole 30 ug® cefotaxime, ceftazidime % aztreonam
(BBL) U23E =4tk $¢= ¥4 t239 7P 34
15 em7F =7 skdth Algto] FEE WA= 37C 3719 184]
ZHajd 3 ARE BEeiletl, F UL Aol A atel
o A o] e do] HAEH PP A3

4. Tatol| 25k LM ME

Jacoby 3 Han[13]¢] W< Fxsle] dAsklnh Azide Wi
391 E. coli J53& WA ol AE ARgskon, WA Fojatet
o425 27} brain heart infusion (Difco, Cockeysville, Mich.,
USA) AR HgatedA 3217 ZeHl Y shich o2t vl
G 02 mLo} oz} g 22 mLE Al@ 3l Yolx 37CE
1A17E 8% &, cefotaxime S ceftazidime 8 pg/mL 9} azide
100 ug/mL7} $H+¥8 MacConkey H(Difco) ol 55-3FAch ]
A Ade] golS 9alA transconjugant?] ESBL 43S PCR
2 IRl

5 EAMESHY Wl ofst WY RMY alel

Class A ESBLY €43L u) 5[3]0] ¥t primers AR
3te] PCRZ g18t4ith AldAl#e DNA FE9 5 yl, primer
7} 1 uL, deoxynucleotide triphosphates 25 mM (8 uL), Taq
DNA polymerase 25 U (05 uL), 10X buffer 10 yL 2 =
5 755 uLE EFdte] PCR wHg2 THESIth Gene Amp
PCR System 9600 (Perkin-Elmer Centus Corp., Norwalk, Ct.,
USA)2 2 94TC=E 30%7} denaturation, 60C % 30%7} anneal-
ing, 72CZE 3087} extensiondlt 30 cycle?] PCRE Al&34
ot SZAE 3 uLE 1.0% agarose gel (Promega, Madison,
Wi, USA)dl 2023 H719% 8t 534229 bandE 218k
t} PCR ZZAHES F%3}9JA Sequenase Version 2.0 DNA
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sequencing kit (U.S. Biochemicals, Cleveland, Oh.,, USA)E
o] 43le] opilero @ dA71Md S BAsgnh

2 1
1. gs 4 2 3 ESBL MMEol

A=t 1270 st doll A 3 ¥ K. pneumoniae 2125 = 182
F(85.8% )+ ceftazidime, 1875(88.2% )+ cefotaximeol] =7+
T2 Agolglon, T gA BTl WAl #5E 1715(80.6
%) STk WAFF & 1725(81.1%) 7} double-disk synergy ¥
Aot} o]F 595F(34.3%) 9] ceftazidime T+ cefotaxime U]
Ao] azide WA E. coli J532.2 AE )

2. ESBL /M¥

AR = 047} TEME, 12757} SHVE, 23%= CTX-
M-1 group, 335 CTX-M-9 group F-4A4=E XYL YAt
CTX-M-2 % CTX-M-8 group, GES/IBC¥, PER-1%, VEB
g 9 TLAY 42 A%S 9 PCRAA FWHS B #
FE 9tk TEM3 = blarsus: (Genbank accession No, Y-
13612) 2778 A UMA 925 blame 3 G714 Gl YA}
Stk SHV 3L blaswv- (Genbank accession No, AF148851) 6
3, blaswv- (Genbank accession No. AF074954) 175+ 2 blasav-
(Genbank accession No. AY008838) 10454t}h CTX-M-18
£ blacrsws (Genbank accession No, Y10278) 185, blacrsw-i
(Genbank accession No. AF305837) 13 % blacrxvs (Gen-
bank accession No, AY044436) 3FRO™M, blacrxus2] 167H o}
") 1=AF proline®] glutamine 2.2 X3k A28 CTX-M38 44}
7} 1594 A& =K Table 1). T3 CTX-M-98-2
(Genbank accession No. AF174129) 65 @ blacrx-w-u (Gen-
bank accession No, AF252622) 275%th A+ = 28
SHV## CTX-M¥ ESBLZ $Al9 A4d3kth Double-disk
synergy ¥A0l o 1765 F 205914 ESBL §-4A7}F A&

A 29ko ) double-disk synergy S41¢1 39F = 534 ESBL

blacrx-u-o
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$AA7} 725 Table 2).
3. ESBL MM TAZFo| EM

SHV-12 Aol ik ceftazidime] MICs< >256 ug/mL
2 cefotaxime?] 32 pyg/mLETH 93, CTX-M¥ ESBLE A
Adle 7 HEES cefotaxime] MICY} ceftazidimeH ol &
UTH Table 3). Aol $1xs ety T8 3o o5&
7] AN BelE A2 CTX-ME ESBL AA#FE= SHV-
2a5 SO A8, o] 7ol tEt ceftazidimed] MIC+
128 ug/mLZ cefotaxime?] 4 pg/mlol Blg|A EA3] = &
AE Bt o] 7459 transconjuganto A A2 CTX-ME
ESBL At AZE%s ¥ SHV-2a k= A&HA &
gk, 9] transconjugantol] ™dF ceftazidime®} cefotaxime?)
MICE 747} 32 pg/mL 2 2 pg/mLolgih, 20o] 92
o] FHAA o] 357 AAAAM E2E CTX-M-12
Aol et cefotaxime} ceftazidime®] MICE 242} 32 pg/
mL % 16 /,zg/mLO]S\’iE]- CTX-M-12 AAdFo WAsAx =
W E Aol E1517 azide WA E. coli J530.E AEHA|

3kt

[

a

T Avhz FHA e =E K. pneumoniae?t 7V &
A8l= ESBLS 783} ceftazidimase?) SHV-120]1, 0|5
z 011%5 CTX-M3 ESBLE Ao 43S HoZT) o]y
5t P42 SHV-21 SHV-2a0l4 % 28 4= JJ9EH|, SHV-
129} CTX-M¥ ESBLE AAsHs #5E ceftazidime ¥ o}y
g} cefotaximed] SN E TEWAE AYLE o5 #59| &
A2 AT AR oFeS U 2R ¥ SHV-129
CTX-M3¥ ESBL ##A7} 54 plasmidel <ja) A=A o
o GAAA 2ol dist 7 A7 o8 Ao A7k,

Aol gt thEhE Aol A 2% K. pneumonize 1541 A)
2% CTX-M3¥ ESBLo| A&tk o] &2E CTX-M-3¢]
1679 o}m) Akl proline®] glutamine© & 2]8ks]o] 99 &

Table 1. Amino acid differences between CTX-M-1 A-lactamase and the related cefotaxime-hydrolyzing enzymes including CTX-M-

3, CTX-M-12, CTX-M-15 and CTX-M-NEW

Residue at amino acid GenBank

B-lactamase A on N

77 89 114 140 167 240 278 288 ceession No.
CTX-M-1 Val Asn Asp Ser Pro Asp Val Asn X92506
CTX-M-3 Ala Asn Asn Ala Pro Asp Val Asp Y10278
CTX-M-12 Ala Ser Asn Ala Pro Asp lle Asp AF305837
CTX-M-15 Ala Asn Asn Ala Pro Gly Val Asp AY044436
New CTX-M Ala Asn Asn Ala GIn Asp Val Asp

Abbreviations: Ala, alanine; Asn, asparagine; Asp, aspartic acid; Gin, glutamine; lle, isoleucine; Pro, proline; Ser, serine.
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Table 2. Prevalence of class A ESBL-producing K. pneumoniae isolates in 2004
Hospital (No. of double-disk synergy-positive isolates) Total

ESBL gene type SN SS SM AJ BD HY WK KY N sC KS JJ (10;2)

(120 (6)  (19) (%) (18 (19  (7) ©) (17 (18) (20) ®)
CTX-M-3 1 4 1 3 3 12
CTX-M-3+SHV-12 2 1 3 6
CTX-M-9 3 3
CTX-M-9+SHV-2a 1 1
CTX-M-9+SHV-12 1 1 2
CTX-M-12 1 1
CTX-M-14 1 1 3 3 2 10
CTX-M-14+SHV-2 6 6
CTX-M-14+SHV-2a 1 1
CTX-M-14+SHV-12 9 1 10
CTX-M-15 1 1 2
CTX-M-15+SHV-12 1 1
CTX-M-NEW+SHV-2a 1 1
SHV-2a 1 1 1 3 1 1 6 14
SHV-12 6 10 13 8 5 5 1 8 16 7 6 85
TEM-52 1 1 2

Abbreviations: SN, Seoul A; SS, Seoul B; SM, Seoul C; AJ, Suwon; BD, Seongnam; HY, Guri; WK, Wonju; KY, Daejeon; JN, Gwangju; SC, Gumi; KS,

Busan; JJ, Jeju.

Table 3. Characteristics of Ambler class A ESBL-producing K. pneumoniae isolates

MIC (ug/mL)
Type of Ampler O (%)
ype ar Amuie of FOX ATM CAZ CAZ/CLA CTX CTX/CLA PIPM

class A ESBLs solates

Range MIC»x Range MICx Range MIC» Range MICs Range MICsx Range MICs Range MICso
CTX-M-3 12(5.7) 2-256 8 8>256 32 264 8 264 4 32256 64 1-256 32  0.06-1 0.25
CTX-M-3+SHV-12  6(2.8) 4-256 128->256 128->256 32-256 32->256 32-256 0.12-2
CTX-M-9 3(1.4) 4 8 1 0.5-1 32 2-4 0.25
CTX-M-9+SHV-2a 1(05) 2 8 8 8 16 8 0.12
CTX-M-9+SHV-12 2(0.9) 4-16 128->256 128->256 16-128 8-32 8-16 0.12-0.25
CTX-M-12 1 (05) 32 32 16 16 32 32 0.25
CTX-M-14 10(47) 2->256 2->256 0.5-256 0.25-128 8-128 8-128 0.12-0.25
CTX-M-14+SHV-2 6(28) 8-64 32-64 16-32 8-32 32-64 32-64 0.12-0.25
CTX-M-14+SHV-2a 1(0.5) 8 16 8 16 32 32 0.12
CTX-M-14+SHV-1210 (4.7) 16->256 256->256 128-256 64-128 32-256 64-256 0.12-4
CTX-M-15 2(09) 48 >256 256->256 64-128 >256 128 0.25-2
CTX-M-15+SHV-12 1(0.5) 256 >256 >256 256 >256 128 0.25
CTX-M-NEW+SHV- 2a1 (05) 8 4 128 64 4 1 0.12
SHV-2a 14(66) 2->256 16 2->256 32 4->256 32 8256 16 8256 32 05256 8 01216 05
SHV-12 85(40.1) 2->256 256 2->256 256 32->256 >256 4->256 64 4->256 32 0.25->256 8 0.06-4 0.25
TEM-52 2(09) 4 32 64 16-32 128 4-16 0.12-05
“Clavulanic acid at a fixed concentration of 4 pig/mL.
Abbreviations: See Table 2.
229] 2-loopell 8 167/ oF] At proline©] ThE opH]iARS. 7F o9 Ao A7EL
2 Xg¥H CTX-MY ESBLO] ceftazidimaseZ Hal= RO 229 3 ga Qo) = CTX-M-12 AAFF7} A2
2 dgxon, oly3 o+ CTX-M-18% CTX-M-19] 167¥ CTX-M-12+& CTX-M-33} v|w3-& wf 3789 ofn|i-ato] 2]}
ofu|i-Ato] Z+7} threonine % serine® 2 X $kE CTX-M-199} (Thrl2Ala, Asn89Ser ¥ Val278lle) E1o ™, Ala-52 (gca —

CTX-M-239A 2+& 5= 9lrH14, 15]. £ dAFelA
ceftazidime®] MIC7} 32 pg/mLE cefo-
taxime®] 2 pg/mLel HIa|A] 168] & P HAFHh ©]
479 714 9 dASol 3 Fx $7el

9] transconjugant®.

o

wold o5

3} Z7}A 0l A

gcg), Phe-66 (ttt — ttc), Leu-102 (ctt — ctg), Ala-223 (gct
— gca), lle-256 (atc — att) 2] 5748 silent mutation®] ] Al
Lol Al WFAE 42 GenBank accession No, AF305837) 9}
Akt 2000 Ayl o] @4F WA= K. pneumoniae
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of 9%t Jupde] A HAH o]F, FEH|oAME o] &
A48= K. pneumoniae7t H2|SIATH16, 17]. £ AolA
H CTX-M-12 AA K. pneumoniae= o}Aolol| 4] A £ o
2 A7 CTX-M-12¢] 82 =] CTX-M3¥ ESBLY|
TFSIE AL A5 AR, olof] tigk A &A1 ZhAje] oA
o] 9

o|lAte] Aol A class A ESBL AJA K. pneumoniae7} A=+
Moz Fxsin thfe YAZIHE 531 gles & 5 U8
o} "A7HA 7P E3F K. pneumoniae A4 ESBLSI SHV-12
= A3 7P &3 ESBLolH, 2003 714 &3 CTX-M3
ESBL2 CTX-M-30]9124 & AFelME CTX-M-147} 7F3
Wo] AZFHYrH18]. I W] CTX-M-9, CTX-M-14, CTX-
M-15 5§ 719 CTX-M¥ ESBL # olz} CTX-M-129} A}
2§ CTX-M¥ ESBL¢] £d30&S 9T 4 Ak

E
=
HE

o Otk
o 97

HiZA @ 2 A7E A= 12708 Y0A 28" Klebsiella pneu-
moniaes WAL ZE class A extended-spectrum A-lactamase
(ESBL) ¢] A/38 85 ZAbetaz} skt

B 2004 2-790l] A= 1270 BN £2)H ceftazidime
oL} cefotaximedl] WAl K. pneumoniaeS 4359t} A
WS U2 A SUIAWOE AFSHEOR, ESBL
AL double-disk synergy AlECoE eIttt ESBL A
Z59) WAL AP R azide WA E. coli 5322 Adstith
PCRE ESBL f34= AE3IAL PCR 229 A7 IMEs &
wgo 2 Bkt

ALt A= 127) HLolM " 2125 F 172 (81%) 57t
double-disk synergy %Adolith 7P £3F ESBLS SHV-12
(1045F) R o™, SHV-2(65F), SHV-2a (175), CTX-M-3 (18
), CTX-M-9 (65°), CTX-M-12 (15%), CTX-M-14 (275),
CTX-M-15 (3%F) % MZ CTX-M¥ FHA1F)E HES
Ak

ZE: 2 AFE Tt FlldA ZEEE CTX-ME 34
7h tgEtE L e € F USITE CTX-M-12% opAofollA]
A 2 dod, 2L CTX-ME F3x1e Fdk 3T 4
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