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TlctAALe|stnb2 | AlZobE oM A AlFoIME IR S
Hf & : Ceftazidime == cefotaxime WAl Klebsiella pneumoniaeS t)4F . 2= Ambler class A% 2 D3

extended-spectrum f-lactamase (ESBL)2| A A 3l &5 ZA}3t A} 8t}

=l

=

¢

438} t}. Ceftazidime &=
Al o

O T

1
.

double-disk synergy A& 2 2 F A}l T ESBL A A 59 ceftazidime =

B 12005 5-690l A= 117 WA E2]H ceftazidime T
cefotaximeol] T & 754 L t)2~3 b oz A 8et9 o, ESBL

1
.

cefotaxime WA K. pneumoniae

L
R

cefotaxime WA S

Aoz WA o =}¢] azide WA E. coli J532. 2 &3} th. PCRE Ambler class AS @ D3 ESBLS

7 shE FrAaAE &6, PCR A=) 47144

2
=

I} : ESBL £ 2} PCR AH&E-9] 7| <

A=}
44

o
=

o EAete
3} blagy & AW RF7L 14852 713 Eahg 0

U:] s o] 9’] Oﬂ = blagy., (2_21‘), blaey s, (1_27)7 blacrus (15F), blacix s (65), blacr i, 2F), blacruis (97,
blacrs (1), blagss s (3F), blags , (1) nil blaoxy s (2_?‘)01 ﬁ‘—l—?_lﬂ 9\2]:1['

A E:E JIE E35lo] PER-1,CTX-M-12, 0XA-30 5 ZUl d| A £8] ¥ &= K. preumoniae7} 43 5}
+ ESBL| TRVl thFai Al L a5 S0 o+ ATt
N OE 7} Klebsiella®) €] g+ A ole} al9l o, o] A¥= J=3}
S M E FASITH34]. o] AT BATA & 82
Klebsiella'= 2} o] d] X3 Alto|t}. g, E A= 6-17%, B H 2] 7-14%, S =] 4-15%, F+7+
A E] AA 9 A, L A F ERF I F & A 2-4%, F3AA A AT 4-17% B A Ao} =
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=3 Ao A HEe Fo doroer I Ul K. pneumoniae= ¥ 5-°]% A4 SHVE, LENY
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"] =+ 2] Clinical and Laboratory Standards Institute (CLSI) 7]
ol whabA cefotaxime®} ceftazidime (BBL, Cockeysville,
Mich., USA)e]) T} 3} 7+4=4] © 1] 2 84hH o 2 Blol 8l
° 11] double-disk synergy (DDS) © 2 ESBL A& 7]

2351t} Cefoxitin (2], A&, th3Wl), ceftazidime (3F
] A, gl =), ceftazidime-clavulanic acid, cefotaxime
(B+=, A8, a7, cefotaxime-clavulanic acid, cefepime
(B, ek gy
A| % X (minimum inhibitory concentration, MIC)Z- 3+3 3] A
W o &2 =% 3} tH11]. Clavulanic acid®] 5=+ 4 pug/mLE
138} 2™, Escherichia coli ATCC 259332 R T2
A3

! cefepime-clavulanic acid2] # A<

2. LHMEE AIE

gt o3 WA AD AP L azide WA Ql E. coli 153
3

2 o] 83} filter mating® & 2 A] g 3FA TH12]. A A
o] 39S ]3| A] transconjugant®] ESBL 73 &
PCR=E #2139 t}h.

Table 1. Oligonucleotides used for PCR amplification and sequencing of the class A and D genes

Ambler Classes PCR targets Primer names Primer sequences
TEM-type TF 5'-CTTGAAGACGAAAGGGCCTC-3'
TR 5-TGACTCCCCGTCGTGTAGAT-3'
SHV-type SF 5'-CGCCGGGTTATTCTTATTTG-3'
SR 5'-CCACGTTTATGGCGTTACCT-3'
CTX-MI cluster CIF 5'-CCGTCACGCTGTTGTTAGG-3'
CIR 5'-GACGATTTTAGCCGCCGAC-3'
CTX-M2 cluster C2F 5'-CGACGCTACCCCTGCTATT-3'
C2R 5'-CCTCGCTCCATTTATTGCAT-3'
A CTX-MB8 cluster C8F 5'-GGCGCTGGAGAAAAGCAG-3'
C8R 5-GGTTTTATCCCCGACAACC-3'
CTX-MO cluster C9F 5'-TGCAACGGATGATGTTCG-3'
C9R 5'-CCTTCGGCGATGATTCTC-3'
PER-1 cluster PIF 5-GTTAATTTGGGCTTAGGGCAG-3'
PIR 5'-CAGCGCAATCCCCACTGT-3'
GES/IBC-type IGF 5-GTTAGACGGGCGTACAAAGATAAT-3'
IGR 5-TGTCCGTGCTCAGGATGAGT-3'
VEB-type VF 5-ACCAGATAGGAGTACAGACATATGA-3'
VR 5'-TTCATCACCGCGATAAAGCAC-3'
OXA-1 cluster O1F 5'-GCAAATATTATCTACAGCAGCGC-3'
O1R 5'-TGCACCAGTTTTCCCATACA-3'
D OXA-2 cluster O2F 5'-CGATAGTTGTGGCAGACGAA-3'
O2R 5'-CTTGACCAAGCGCTGATGT-3'
OXA-7 cluster O7F 5'-CAAAGAGTTCTCTGCCGAAGC-3'
O7R 5'-CCACCAATGATGCCCTCAC-3'
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Klebsiella pneumoniae2| ESBL A4
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3. EXMSEE WHo) o8 INREY el

ESBL ¢4 A= 7 &3}7] 9 3} primerS 1.¢Hsto] PCR
S A3 3} tH(Table 1). A] & Al 7 2] plasmid DNA =3
5 uL, primer 2z} 1 gL, ANTP 2.5 mM (8 uL), Tag DNA
polymerase 2.5 U (0.5 ¢L), 10X buffer 10 zL & FF<
75.5 pLS £3%3}o] PCR wWH$-o & qFE2] T}, Gene Amp
PCR System 9600 (Perkin-Elmer Cetus Co., Norwalk, Ct.,
USA)C2 2 94| A 30%7t denaturation, 60°C o] A 30&
7} annealing, 72 °C o] A 303t extension2- 303] A] 88 5} 3
o} SZ A5 3 uLE 1.0% agarose gel (Promega, Madison,
Wi., USA)o|| 2023t 7] Fstod SF4HES] bandE 2
213t th. PCR £ Z4HE & FZ3lo] 4] Sequenase
Version 2.0 DNA sequencing kit (U.S. Biochemicals,
Cleveland, Oh., USA)Z o] &3} A] oFHleko 2 A7 Y

& Bt

E

A =
1. EEF

m

o

A= 117) ety bl - € K. prneumoniae 1895
Z 1822(96.3%)%= ceftazidimeo], 1303 (68.8%)%=
cefotaxime®]] T3 T2 WAoo, F A 5o
WAl #F= 122F7(64.6%) (T 7 dF 5 1605+
(84.7%)7} DDS %4 o] Tt} o] % 69 (43.1%) 0l A]
ceftazidime 22 cefotaxime W A] ©| azide WA E. coli J53
© 2 HAEE A h(Table 2).

2. ESBL #&¥

ESBL f7#} PCR 2H2 9] 47144 2423} blagwy..
S Ad #F7F 1485 = 7HF Esklon, o] 9=
blagyy 2, 27, blawy.s, (157), blacros (155), blacros (65),
blacrxae 2F), blacrs (9OF), blacrxas (157), blagss (3
), blapee, (157) B blag 25)°] A A 2057+
SHV#& 3} CTX-M¥ ESBL 825 g4l A4 U3l
3L, blagss FAAE A 3F F 25 blagw..5 E41°
AU DA™, blaoks e A 255 42 blacws%
blagy nS 7 AU 3L 3L H(Table 2). CTX-M-2 4
CTX-M-8 cluster, VEB3& , TLAT 2 OXA-7 cluster PCRO|
FdS Bl 5= gllth DDS 44 <l &5 1605 5
1157 A ESBL #3271 H &5 A sk en, DDS &4
Q1 315 & 1450l 4 ESBL -3 2H7F 2 &5 .

3. ESBL #daF2| 84

SHV-12 A 520l tf 3t ceftazidime2] MIC;,2 256 pg/mL

LA, ol7Ul, 4&, o|8H, 852, 0|55 <

= cefotaxime 2] 16 pug/mLE Tt} &3t 31, CTX-ME ESBL=
A= T30l th 3l cefotaxime 2] MIC;,2 128 ug/mLE
ceftazidime 2] 64 ug/mLE. T} 2F7F =k th(Table 3).

Hgel & vishg elol Al FelE CTX-M-12 44 572
F % 17E SHV-122 $A0] 4839om, o #5d
o) 3} ceftazidime®} cefotaxime®] MICE CTX-M-129+HS
Adete o7t A o2 3t o] & dF9
blacixnmn T ARAE B Ao o &) azide YA E. coli
5307 AdHAnt. Aol AR gAY 557
A A w8 PER-1 AATFFE 940 E @ 2l
814 A BAfoll M HEH A O = cefoxitin (MIC, 4 pug/mL)S
A e Alg gaA] BFo n=WAg S B o] &5
o] th3} imipeneme] MICE 2 pug/mLE FHA] o] A 6=
Fd2 BATh blaps, 3 2= A el o3 4] azide WA
E coli 15302 25| ergieh. ol el ojsh glo] 4
GES-5 A K. pneumoniae?} 357 A Z% R =d ol & 7}
&H| 25 & SHV-12E8 FA| o A3ttt GES-58 A4
s F5oll th3l ceftazidime 2] MIC (128->256 ug/mL)&
cefotaxime2] MIC (4-30 pg/mL)E.TF A& o2 =9ttt
OXA30& A4 3= 25 7 Aol 91713 diehyele)
TE7] AANA EelE TFE CTX-M-3, 45 9%
g oEg g del 8 AAA EEH 75+ SHV-128 &
Al A 3FATE. o] & #Fol| o) &) cefepime] MIC= Z}
Z} 32 pg/mL e} 8 ug/mLo] Q] T}

—

M3k

il

2 AT A= T2l K pneumoniae7} 747 E3]
A A 8F= ESBLE 7} & 3} ceftazidimaseQl SHV-120] 1,
CTX-M-14¢} CTX-M-3%= &3& o1, o] = 20043
of Al E zALe} frAkg Ao|tH[13]. SHV-12 A/ w5
°] th4& CTX-M¥, GES-5, 0XA-30 5 E} ESBLS 54
o /g 3to] cefotaximeol = 2t WA & & 53t 9l
o 5 T/ o]/l ESBLE FAld A3t o5
A gAY Ad S AR AdEES HE A
PEEEY

Aol @ e el A 279 CTX-M-12 44 K.
pneumoniae?7} 7 Z % o} o] F-AAE= CTX-M-32] 12¥
threonine©| alanine, 89*H aspartic acid”} serine, 278"
valine©] isoleucine & 2 X &H Zl o] t}. o] f-A A& 2000
A Aol A H 22 BuEow[14], T o A = 2004
Ao E. coli 353 ¢} K. pneumoniaeol| A 157} 2] o] %
B AFoM = B olA, o] arF el & 2hsta
AT G 5 AATHI15,16].

Ao 3 gty de 257 A A B8 E K
pneumoniae°l| <] PER-1 A4 # 37} 7 &% 9 t}. PER-1
L E] 7)o A ¥ H Acinetobacter baumannii$} Pseudo-
monas aeruginosa’t = =2 A= 202 By

Som17], FH A 29 A baumanniix ©] E42E

o $0

)

o
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ot

3] Adste Aoz g A THI8]. ey Aol
ol AAE QA= d7F RudE ulE ol glon, B o
T A A A FHZE PER-1 A K. pneumoniaeS -] 3t
Aoz AztEnt. o] @52 DDS Al @l A cefepime}
clavulanic acid T] 23 Apo]o| A vt At 7} 2= Q) o}
o] #Fo) o & ceftazidime, cefotaxime % cefepime]
MICE E 5 >256 pug/mLZE 1 =4 o] a1, clavulanic
acid2 718 = MIC7} A5 A &e A4S Btk &=
3}t imipenem®] MIC7} 2 pg/mLE 7+ o] A&l A
= 1.817]d PER-1 A7 o]l F7FA Q1 Wd 7o
R Ao FEHHUY. o] #F WAAVIHY S
At AF7F A A 28 Fol).

GES-5 A4 K. pneumoniae 357} 7-1] 2] tf g1 9l ol A
AZ=% Ak GES-5 A &= 20039 £ tighg <
oA = Hx=E FEHAH[19], & AT 2=
GES-57} stloll EA4tE a1 & & HoFTh ol & #F
Z= 23 = GES-59) SHV-12 0] 9] o] &= DHA-1S ZA] o] A}
43 8}o] (data not shown) 34|t} cephalosporin, aztreonam %
ol g} cefoxitinol] = WAJ & & 5319 12, imipenemo|
g A = A SHMIC, 4 pg/mL)E A 0 2 A2t}

At A3 ey de] 357 9 8 AA A
2= OXA-30& Z+7} CTX-M-33} SHV-128 ZA]d] A
3+ th. OXA-303 ESBLE 1999 &3 Aslole} 332
o] ampicillin WA Shigella flexneriol| A 215 £ o
1 OXA-19] 1319 Arginineo] Glycine©. 2 x| S+ Z o]
T}H20]. 2 o] A & OXA-307} CTX-M-15Z EA] o AA
3= E. coliz} B3 ¥ v} QAR 9H10], o] 45 A st=
K. pneumoniae= ¥ AT E B3] A& gold Ao w A
Zhalc), ekl Aol A el E OXA-30 44 E.
colit+ cefotaxime©| U ceftazidime X T} cefepime, cefpirome
= A 44t cepahalosporine] o 8t 71483 o] =9
TH21]). £ AT A E2lE 23] 3t cefepime2] MIC
= 8-32 pug/mLo]Qlt}. o] & 25| t] 3} ceftazidimez}
cefotaxime2] MICE & A4S R e, ol ol & o
Z7F CTX-M-3 & SHV-128 ZA| o] AA3}7] w &2l
Aoz B7hech

o]to] Aol A oA #-2]% = K prneumoniae’}
53] A Sl= ESBLE SHV-12, CTX-M-14, CTX-M-3 =
© 2 200433} FA}sFA 9, CTX-M-12, PER-1, GES-5,
OXA-30 5 AM=2& 32| ESBLo| &8 52 IAtela
R Qg 4 AT ESBL A4 4ol WistE
NS A ASHA A7 Bad Ao A
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Emergence of CTX-M-12, PER-1 and OXA-30 5-Lactamase-Producing
Klebsiella pneumoniae
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Background: The aim of this study was to determine a nation-wide prevalence of Ambler class A
and D extended-spectrum g-lactamases (ESBL) in Klebsiella pneumoniae isolates in Korea.

Methods: During the period of April to May 2005, 189 isolates of K. pneumoniae were collected
from 11 Korean hospitals. Antimicrobial susceptibilities to ceftazidime and cefotaxime were tested
by the disk diffusion method, and ESBL production was determined by double-disk synergy test.
Determinants of ceftazidime or cefotaxime-resistance were transferred to Escherichia coli J53
(azide-resistant) by transconjugation. Genotypes of class A and D ESBL genes were determined by
PCR amplification and sequencing.

Results: One hundred-sixty isolates of K. pneumoniae showed positive results in double-disk
synergy test. The most prevalent ESBL was SHV-12 (n=148). Also detected were genes encoding
ESBLs including TEM-52 (n=1), SHV-2a (n=2), CTX-M-3 (n=15), CTX-M-9 (n=6), CTX-M-12 (n=2),
CTX-M-14 (n=9), CTX-M-15 (n=1), PER-1 (n=1), GES-5 (n=3), and OXA-30 (n=2) g-lactamases.

Conclusion: With the emergence of CTX-M-12, PER-1, and OXA-30 g-lactamases, the ESBLs in
K. pneumoniae isolates are becoming more diverse in Korea.

(Korean J Clin Microbiol 2006:9(2):102-109)
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