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Prevalence & Diversity of Extended-spectrum j3-Lactamase-Producing
Escherichia coli and Klebsiella pneumoniae Isolates in Korea
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Jong Hee Shin®, Hye Soo Lee’, Won Keun Song?, Young Uh?®, Jong Hwa Yum®,
Dongeun Yong®, Kyungwon Lee®, Yunsop Chong®

Department of Laboratory Medicine, Coll. of Med., Pochon CHA Univ.:, Gyeongsang Nat. Univ. School of Med.?, Coll.
of Med. Kosin Univ.%, Pusan Nat. Univ. Coll. of Med.*, Sooncheonhyang Univ. Coll. of Med.>, Chonnam Nat. Univ. Med. School®,
Chonbuk Univ. Med. School’, Hanllym Univ. Coll. of Med.?, Yonsei Univ. Wonju Coll. of Med.’, Yonsei Univ. Coll. of Med.*

Background : Increase in extended-spectrum p-lactamase(ESBL)-producing Escherichia coli and
Klebsiella pneumoniae have been reported in Korea. The aim of this study was to determine the na-
tionwide prevalence of ESBL-producing E. coli and K. pneumoniae, and to investigate the types of ESBLs.

Methods : A total of 2,221 E. coli and 1,128 K. pneumoniae consecutive isolates were yearly col-
lected from 12 hospitals in 1999 and 2000. ESBL production was performed by National Committee
for Clinical Laboratory Standards methods and double synergy tests. The type of ESBL was deter-
mined by polymerase chain reaction (PCR), isoelectric focusing, and nucleotide sequence analysis.

Results : ESBL-producing E. coli and K. pneumoniae isolates were detected from all 12 hospitals
participated. The proportion of ESBL-producers was 9.1%(2.0-19.6%) of the E. coli and 29.2%
(10.0-60.8%) of the K. pneumoniae isolates. Among the 22 isolates sequenced, SHV-12 was found in
six isolates, SHV-2a in three isolates, TEM-52 in five isolates, TEM-106 in three isolates, and each of
TEM-15, TEM-20, TEM-43, and TEM-107 in one isolate. CTX-M-14 was also found in one isolate.

Conclusion : ESBL-producing E. coli and K. pneumoniae are widespred to all levels of Korean hos-
pitals. The most common types of ESBLs in Korea are SHV-12, SHV-2a, and TEM-52. In addition,
we also identified new TEM-derived ESBLs. (Korean J Clin Microbiol 2003;6(2):149-155)

Key words : Extended-spectrum pg-lactamase (ESBL), Escherichia coli, Klebsiella pneumoniae
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1980\d tf Z4bol| &= extended-spectrum f-lactamal] 7}A] & CHAF SI HEEH
3l 5} &= extended-spectrum B-lactamase (ESBL)S A3 Al 3} +=
F7F A5 B = JAvH3]. TEM 2 SHVE ESBLE 1. Al #F
TEM-1, TEM-2, SHV-19] o}n| =2k 1-57 7} 7 ¥ o] &] o]
A71BR[4], dom® A& Wold 471 A Zlew A 127) WAL 30, B4 20, B3, A5, AT,
AZtE ], F ol 1 BN 2ot felvets Z3e Al 49,54, AE R AT 4 U= EH”O E s o,
Al e vbetel| A F7betaL slol A &A1 7F = 3 A THS-T]. 7} g el A 19991 3 2000 of] 17 Aol A el | &
ESBL-& = Klebsiella pneumoniaet} Escherichia coli # 2] E. coli 2F 1005~2} K. pneumoniae 2F SOZW Sdx=
oA BEEH (8], FHANE AL FAtol A Eel W2 52590 8 SxjoA S8 Bag £ A9
¥ K. pneumoniae®] 20-25%, W=l A= &3 A ol A At #E T S H A Wl %%ﬁ}% 71 Eq
el E AWAlTEe] 9%7t ESBLS A dte 2 os B ol sttt
HATHIL. B F10] = L7H et AoA el
K. pneumoniae®] cefotaximes] tf & 744224 1] £o] 1988 2. ESBL MM ZFo| M, &0l U LYNESHAIH
d 78% | A 1995\ o & 46% = T A 5| 7+A3Fe] ESBL
A FF7 2 AL S Bustth. $ S11]1L 1999 ESBL QA & AW & NCCLS9 7] &[12]9] wha}
W A2 127) B oA € K. pneumoniae<} E. coliZ cefpodoxime t] 2~ =.of| 2] &+ At 7} 22 mm o] 3}l F
ESBLA A H] &5 B33k v lt}. o] B o o5hH, ¥ 2 Hdestyth. ESBL A A #3532 32l< double disk
Holl wpe} 2pol= gl o, o BF ESBL A4 —?7} synergy (DDS) test® Al @&ttt 5, A1 @ Al &

o)A ojm| -] v}ekol = ESBL A 571 de] HA MacFarland 0.5%ol] 9t3=0] Mueller-Hinton 3+ of] 3 3}

V= L S ARG 2 =r2] 749 ESBL A v &, &3 &, amoxicillin-clavulanate T] 2~=(20/10 p)Z vjA] = zo]’
F3, BAATH At B AUt Wel HuES o =3 tyxa3A 7FAAE Alole] A-l7t 15 em HEE
U, 2o A= d2 HAd S ez 3tk ?i?‘?lo] £ 30 pgo] cefotaxime, ceftazidime, aztreonam 2 cefepime t]
e wolny. 228 STk 35CAA 18412 ] F T A7kA] FA
ofol ¥ ATl A 1999 AFHQ 2Ale] Fol Sk T sze] o A 2717} A71A SE amoxicillin-
H HAES A Z 200080 A& AA A EelH clavulanateo]] ]38l 7] DDS A] & <kA], = ESBL A A
A7 2] E. coli¢} K. pneumoniaeE t] /o = ESBLAY A o T2 I 59
o wEH, MY @ AxE v &9 Fo|lE e, WA A d 2 ESBL A4 Alvt & t]d © 2 agar ma-
ESBL &3 & 719 5l .2} 5} t}. ting H © 2 Al 3 5}1 T}, Recipient®+ E. coli RG 4889}

RG 1762 AF&35H3ith g d2e] e A& w5

Table 1. Prevalence of ESBL-producing E. coli and K. pneumoniae isolates in 1999 and 2000

Location of E. coli K. pneumoniae
hospital No. tested No. (%) of No. tested No. (%) of
ESBL-producer ESBL-producer
1999 2000 1999 2000 1999 2000 1999 2000
Seoul A 105 114 9 (8.6) 4 (3.6) 53 57 16 (30.2) 15(26.3)
B 97 100 19 (19.6) 12 (12.0) 50 50 5(10.0) 9 (18.0)
C 50 35 3(6.0) 6 (17.1) 36 30 11(30.6) 5(16.7)
Kyungki 100 104 6 (6.0) 6(5.8) 50 53 19 (38.0) 18 (34.0)
Kangwon 100 96 9(9.0) 9094 46 52 19 (413) 27(51.9)
Chungbuk 100 100 17(17.0) 8(8.0) 49 50 13 (26.5) 15(30.0)
Chonbuk 100 100 8 (8.0) 9(9.0) 50 50 14 (28.0) 11(22.0)
Kwangju 102 100 6(5.9) 6 (6.0) 53 50 6(11.3) 24 (48.0)
Kyungbuk 104 102 19 (18.3) 18(17.6) 50 51 15(30.0) 31(60.8)
Kyungnam 99 ND 8 (8.0) - 50 ND 10 (20.0) -
Pusan A 99 99 7(7.1) 7(7.1) 48 50 13(27.1)  9(18.0)
B 114 100 4(3.5) 2 (2.0 50 50 9(18.0) 15(30.0)
Total 1171 1050 115(9.8) 87(8.3) 585 543 150 (25.6) 179 (33.0)

Abbreviation: ND, Not detected.
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Table 2. ESBL types and isoelectric points of f-lactamases

Location TEM SHV TEM+SHV CTX-M £TEM +SHV
of hospital Species PI No. pl No. PI No. pl No.
Seoul A E.coli 54 1 54,6-7,>8,>8 1
6.0 1 54,7.6,>8 1
54,60 3 1
K. pneumoniae 54,76 1 54,76 1
6.0,7.6 2
54,60,7.0 1
54,7.6,>8 2
Seoul B E. coli 54,60 2 54,>8 1 54,>8 5
54,7-7.6 1 70,76,78,8,>8 1
K. pneumoniae 7.6,>8 1 54,60,7.0 1 54,7.6,>8 1
54,6.0,8.0 1
Seoul C  E. coli 54,>8 1 54,76 1
54,60,80 1
K. pneumoniae 54,7.6,>8 2
Kyungki  E. coli 54,60 3 82 1 >8 2
K. pneumoniae  54,6.0 1 54,7.6 1
6.0 1 54,6.0,7.6 2
54,60,7.8 1
54,7.6,80 2
54,7.8,8.0 1
6.0,7.6,8.0,>8 1
54,6-7,7-76,7.8,>8 1
Kangwon E. coli 54 2 54,76 1 54,>8 3
6.0 1 54,>8 1
54,60 1
K. pneumoniae 54,7.6 4 54,7.6>8 1
54,60,7.6,8.0 1
Chungbuk E. coli 54 1 54,76 1 54,>8 2
6.0 1
54,60 1
K. pneumoniae 7.6 1 6.0,7.6 1
7.8 1 54,7.0,>8 1
7.8,>8 1
Chonbuk  E. coli 6.0 1 54,78 1
54,60 3 54,60,80 1
54,60,7.6,80 1
K. pneumoniae 54 1 7.6 1 54,7.6 4
6.0 1 54,>8 2
6.0,7.8 1
54,60,>8 1
Kwangju E. coli 6.0 2 54,>8 1 54,8.0,>8 1
54,60 1 6.0,8.0,>8 1 54,60,8.0,>8 1
K. pneumoniae 6.0 1 54,716 1 54,70,7-7.6,>8 1
54,60,70 1
Kyungbuk E. coli 54,60 2 54,7-7.6 2 54,>8 1
54,6.0,>8 2 5.4,6-7,8.0,>8 1
54,80,>8 1
K. pneumoniae 54,76 3 54,60,7.61
Kyungnam E. coli 6.0 1 54,7.6,>8 1
54,60 2
K. pneumoniae 7.6 1 5.4,7-7.6 1 54,76 1
54,60,7.6 1 54,>8 1
Pusan A E.coli 54 1 54,76 1 54,>8 1
54,60 2 54,78 1
K. pneumoniae 7.6 2 54,78 1
>8 1 54,70,76,>8 1
Pusan B E. coli 54,60 1 54,78 1 54,>8 2
54,6.0,>8 1
54,70,7.6,80 1
K. pneumoniae 54,776 1 54,7.6,>8 1
6.0,7-7.6,7.6 1
6.0,7.8,>8 1
Total 38 10 68 32

Abbreviation: pl, isoelectric point
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3. ESBL &
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ERS

ESBL @ o] 274 & w2l Ag3 g &5 st
ESBL A/ At dFE Mg slo] f-lactamasee] &
Ald, =884 AHur-s 2 Blactamase -7 2} DNA
F7IME EA = skl

B-Lactamase®] 5% A @& fall A @ATE SFF
2 X535} sonicator (Vibra Cell, Sonics & Materials Inc.,
Danbury, CT, USA) 2 #2331 t}. 2 4 S ThermoFlow
ETC unit (Novex Experimental Technology, San Diego, DA,
USA)Z 2719 %3+ & nitrocefin & A A| A F=3}]
TH13].

THEL ARkl ¢ ESBL & 71 A @ 5 TEM
3} SHVE el @ Alge ol Aol Bug WS wste
W (141, CTX B ¢ 2482 S04 &= A1 2 sense 5 -C-
(AGC)ATGTGCAG(CT)ACCAGTAA-3'2} antisense 5 -A-
(AG)GT(GC)ACCAGAA(CT)(AC)AGCGG-3'S- o] g3},
94°C 5% pre-denaturation, 94°C 30% denaturation, 55°C 30
Z annealing, 72°C 45% extension, 72°C 7% post-extension
©° 7 "kS-A]Zit}. zhzhe] ¥k-3- & Mupid-2 (COSMO BIO,
Co., Ltd., Tokyo, Japan) 2 A 7] 94 %3} 1080 bpe] TEM,
870 bp2] SHV X 584 bpe] CTX-M 42H&E£& 5H2l 61

TEM3} SHV3E f-lactamase 7% 2} DNA2] 93714 4
e ol Bug W2 wgkom[14], CTX-ME 9
A7 E 2 S s AlehAl & sense 5-AAAAATGA-
TTGAAAGGTGGTTGT-3'%} antisense 5'-TTACAGCCC-
TTCGGCGATGA-3'S- A} &5l 11, §F-2 Z71-& extension
< 1702 A%e A o] ol vkEAI<F 2 7]7]= flel
T EESETEE

o

2 o

1999-20008d of] A=+ 127 W 31 A4 7 A o A
223 E. coli 2,221F ¢} K. pneumoniae 1,128F =9
ESBL A #F= 722 2025(9.1%) 9} 329F(29.2%)°)
A tH(Table 1). ESBL A8 59 v &2 A+ 13d =9
1999 ol = 15.1%°] o}, 23 d =21 2000 o] &=
16.7%°]0t}. ESBL A #F+ Al A =E W
URo, 1 H &2 Wy njet i v &o] 53] =
S X2 E. colie] 79 A& 17] ¥ A(15.7%)7} 73 59
7] W (18.0%)°1 A a1, 7Hg Ekd & F4ke] R |
A (2.8%)°] 1 t}. K. pneumoniae = ESBL A A 52| H]
o] =99 X2 A x] ] ¥ U@46.9%)2 7 &l 1
7N B A (45.5%)°] A th(Table 1). tf T3] W of A
ESBL A 7 F2] H] &< K. pneumoniae”} E. coli® t} =
Skl 5000 % vl whe] A% W 29| o] ESBL A4 o
o] H| &2 E. colie] 7% 15.8%°]% 1, K. pneumoniae’=

2

Ofol

o rias
M2, YNF, FME, B

37.1%°] ) t}.

WA ARG A1 YL 1999-20001d o] 723 ESBL A 1
T 531F Foll 36475 UG o2 Yo, o] 5 204
(56.0%)°l| A W7 o] == St}

ESBLE AX Al &S A|3)3l E. coli 795F =l TEM &
s 74z #7335, SHVE RS U3 d e 17,
TEM#} SHVE & FAlo 7k 5+ 2150|313, CTX-
Md S 717 #FE= 2450] 1t} K. pneumoniae 695 5
ol TEM &9 710 FF7) 55, SHVE %S 713
5 95, TEMZ} SHVE & FAl o 71 1 5= 47501}
3L, CTX-M3 & 7}zl 5% 850] A th(Table 2). E. coli
9} K. pneumoniae ¢] T FZd|A] TEM3 < 717 #3<]
SAFL fHE 5496003, SHVE o) A &= 7.63} >8
o], CTX-M @ ol A & >8] F TFol| A =7 &3kt

A7IAE B B, A%, TFEL AHRkE 2
I 55 nyste] R2FE desto] A gsia, 1 F o
71 go] 3] wAE A 22F0| Q). 4 ¥ ESBL
42182 TEM3 123, SHVE 953 2 CTX-MY 150]
Atk SHVE & SHV-127} 6F 2 714 @3k, SHV-2a&
330t} TEME & TEM-527} 55, TEM-106°] 35+ ©]
%131, TEM-15, TEM-20, TEM-43 2 TEM-107¢] Z}7} 15
A o] At} =, TEM-1062 olu] = AF 104 9] 2] gluta-
mic acid7} lysine ©. 2, 182 £ 2] methionine©] threo-
nine .2 2] 3+% ]t} TEM-107+ 1041 o}v| =4t gluta-
mic acid”} lysine © &, 164 arginine©] histidine © &, 182
1 methionine©] threonine . &, 238" glycine©] serine & &
2] 25 9l v (Table 3). CTX-ME & @7 <d £44 3%
CTX-M-14=2 <2l %] it}

O e QA ACAA £3] ReElEHE w59

tl, ol &l o A5 A 5ol & &3] f-lactamA]| 7} o] &

so] gt 28y 2 59 S 2= E coligh K.

pneumoniae =] ESBL A4 o] =7}t 9] o™, ESBL

G A A= plasmide] 98] ThE FEoR Add 4 Y

WA S dod 5 7] wEel A4 EAF =

ATHIL. & S A5l 2ALZ $-2v}eke] ESBL
A

A4 E. colig} K. pneumoniae= 34142 Shajol A Hg
&o| ko, & Aol tl gk W4 &o] ESBL Bl A4
o vl &l =vha ek

ESBL A4 2] WA plasmide] o]a) t}& A
To2 HAgHy] 412 Aoz d#A . & Aol A
% 1999-20004 of) 2-2] 3+ ESBL A A 1 5315 =] 3643
of thate] WAL Al =, o] F 2045(56.0%)
o Al U Ad o] G A,

ESBL Aol o ftdFol +8vats g3t
AA o8] vetell Al AR ko] ofe] AFAEd s

Hag vk glou, 7 oHl g tie Bue gA] gow,
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Table 3. Amino acid substitutions in TEM-type (-lactamases
B-lactamase pl Amino acid at position*:

9 104 164 182 196 238
TEM-1 54 Arg Glu Arg Met Gly Gly
TEM-15 6.0 Lys Ser
TEM-20 54 Thr Ser
TEM-106 6.0 Lys Thr
TEM-43 6.0 Lys His Thr
TEM-52 59 Lys Thr Ser
TEM-88 5.6 Lys Thr Asp Ser
TEM-107 6.0 Lys His Thr Ser

Abbreviation: Arg, arginine; Glu, glutamic acid; Met, methionine; Gly, glycine; Lys, lysine; Ser, serine; Thr, threonine; His,

histidine; Asp, aspartic acid.
*Amino acid numbers are in accordance with Ambler et al.[15]

% ESBL 4 7] 4ol #2442
= nu) ek o)t}
el ] BSBL A4 &3k £ & e 2
71 wet g2 e d@=e] 45 19999 =] Hx
o] ¢]&}H E. colig} K. pneumoniae/] 1%1:}0] ESBL &%
A5 7HA 3 A AL[16], 1] =& 7] ol wha} 0-25% =t
Fott A A o2 3% Aol ESBLE A4 st
O W[17-18], ¥t of], T}t~ o] A= Hgl ¥ K. pneu-
moniae2] 2F 40%7} ceftazidimeo]] WA & Heltta 3191
t}H19]. 91 H e A2 E. coli9] 0.1%, K. pneumoniae2]
0.3%%to] ESBLS A4t tha ki tH20]. & A
Tl e Frod g Felvket 1270 ¥l 2ol A ESBL A
43 E. coli¢} K. pneumoniae”} i, 72 vl & 15, 1
A8 EFedzd wep @5tA vk, E. coli' 9.1%(2.0-
19.6%), K. pneumoniae= 29.2%(10.0-60.8%) = Z A| &3k
th e Rt AAY e LS ESBL A
Fo] Bl &o] v Hurk doy2l] B Ao e
50018 7 mlgke] 271 Wl $hajoll A 2] H ESBL A+t
F+2] v]&o] E. coli = 15.8%<} K. pneumoniae = 37.1% =
A= B Eoh Fot, felvete] A¢+< vlwA Wi
7t Ao W e A AFgo® 23k oy ¢
W 5o = <ls) ESBL A4 571 Esttia A 2=
At} Yato] w2 ESBL & & 1] o] A} TEM-10, TEM-12
2 TEM-260], 54 & SHV-2¢} SHV-57}, = 3 = TEM-
3,SHV-3 9! SHV-47} &3t 4t of] -2 TOHOF o] &
g Zle = g A Uvh20, 22-23]. et s 45
ey Yol el F o TEM-52, SHV-2a 2 SHV-127}
EalthE Bt dvhi4, 24]. 2 AFol M= dF #F
= Agdle] A7 Ag S B3 23, SHV-129F SHV-2a
= o] A3] &3 Ao 2 A7hE v, TEM & & TEM-520] ¢
= TEM-106, TEM-15, TEM-20, TEM-43 2 TEM-1079]
A zE . TEM 2@ SHVE ESBLE TEM-1, TEM-2,
SHV-1¢] o}u] 12k 1-57) 7} Hwle] slof A% wold &

o
2

X,
o

=
ol

oX, r_(&ﬁ

rinzgdsa
ﬁH‘Irﬁoﬁ

2 7

&b A7, Al 7)ol whet Al kgl dE A gt
Chang £[25]< SHV-1 I SHV-119] 4 SHV-2, SHV-5
2 SHV-120 & A 2} Wo]s4d o1, SHV-259} SHV-26<
7}z SHV-113} SHV-10]A] ®Wo] ¥ tia =4 54 t).
Pai 5[26]2 ¢-2]vetell A E2]% &= ESBL A/ w39
TEME &A2E ZA}38te] TEM-159 4 TEM-522, 71

S o TEM-88% 7z} Wlo]3t Aoz =Fe g}t B o
Fol A A2 TEME 9] Wo| & ist #ago] wel, o
o7 oo thE A7t Hadd Ao g At Pai
271 ZFU oA &2 = Shigella sonnei, E. coli 2 K.
pneumoniaecl] /] CTX-M-14 & ©] ESBL-E H 313} v} 9l &
t 2 AT % CTX-M3 ESBAA F371 A= ggc,g}
i, o] F g F= CTX-M-143 . 2 15| ). whafA]
olof gt A= oz Fsfof & Aoz AYzherct.
EAFoa dardukgol <& ESBL A

°ln H

I o] 2 gtA] e Aol = o] 3 OXA &
©] ESBLE 91-S 2 o 2 A 7he oh28].

AeH o7 Ao Fo WY oM Eelx = E. coli
¢} K. pneumoniae 5ol &= ESBL A A 7 F7} &3}, 1 4]

2 FHT2d Bt §7}o}3'_ Rom, o A o gk
W4 &2 ESBL H| A4 o] Bl ste] AA3] om, -2
glo]| &3 ESBLE & TEM 52, SHV-12 2 SHV-2ao] A] q},
TEMY Foll & A 22 Wo] E471 932 < 5+ At

el ESBLAY
ol EaEa itk & AFellA
Aol Al A=A € E. colig} K.
2 extended-spectrum S-lactamase
< 9oL, £ ESBLA+ 3 & 11
skazt skt

g B d= 1270 el A 1999 2 2000 of] o1
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HA A 28 d#Ae E. coli ¢F 10052} K. pneu-
moniae ¢F 5054 & W= 2 53389l th. ESBL A A i
A 2 8ol A]E & National Committee for Clinical Labo-
ratory Standards (NCCLS)2] 7| &0l whgka &¢1& dou-
ble disk synergy® o2 A&t} ESBLE 2732
THEL AATS, FHAAAIE B AVIAE EA4 2 o
&35t

2 4t Aol FHodd v 127 HY =
ESBL A4 E. coli¢} K. pneumoniaer} 91, =1 ¥] &<
T, Hd 22 =
9.1%(2.0-19.6%), K. pneumoniae+= 29.2%(10.0-60.8%)°|
ATH ESBL @ & A& & 1485 Zof TEM & v+2 713l
57} 385, SHVE & 105, TEM3} SHVE & EA]9 7}
A AL 68F0]tt. TEMIZ SHVE 9o CTX-M3Y
ESBLS 7hx] 5% 3270l th. f71A do] ¢hHs] &
AE AL 22F 2 TEME 123, SHVE 95 2 CTX-M3
150]19t}. SHVE & SHV-127} 6F 2 717 2k,
SHV-2a¥ 35F0|9ltl. TEME S| = TEM-527} 55,
TEM-106°] 35°]%l 31, TEM-15, TEM-20, TEM-43 2
TEM-107¢] Z}7} 154 o] 91t}

2 E: AT T8 B oA EH = E colig}
K. pneumoniae =<l & ESBL A 57} £38}9, 1 v &
< #Ha2d < SUkst e, Syl &%
ESBL& & TEM-52, SHV-12 2 SHV-2a0] x| ¢+, TEM3 =
of = TEM-520] 9] o &= TEM-106 2 TEM-1072] A] 2 &

ol A&7 lE& & AT
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