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= Abstract =

Background: Presence of extended spectrum p-lactamase (ESBL)-producing gram-negative
bacilli have been reported in Korea, but our understanding of the prevalence is limited. The
aim of this study was to determine the nationwide prevalence and antimicrobial susceptibility
of ESBL-producing Escherichia coli and Klebsiella pneumoniae, and to characterize the
patients and sources,

Methods: A total of 1,171 E. coli and 585 K. pneumoniae non-duplicate isolates were
collected from 12 hospitals in September to December 1999. ESBL production was determined
by National Committee for Clinical Laboratory Standards methods using cefpodoxime,
cefotaxime, ceftazidime, and aztreonam disk. Positive double disk synergy tests were
considered ESBL producers.

Results: ESBL-producing E. coli and K. pneumoniae isolates were detected from all 12
hospitals. The proportion of ESBL-producers was 9.8% (3.5-19.6%) of the E. coli and 25.6%
(10-41.3%) of the K. pneumoniae isolates. The common source of ESBL-producers was
sputum (27.4%) and patients in intensive care unit (31.7%). ESBL-producing isolates were
more often resistant to aminoglycosides and cotrimoxazole.

Conclusion: ESBL-producing E. coli and K. pneumoniae are widespread to all levels of
Korean hospitals. ESBL-producers are more prevalent among isolates from urine and sputum
and from intensive care unit patients. These organisms are more often resistant than the non-

ESBL -producers to aminoglycosides and cotrimoxazole.

Key Words: Extended-spectrum f-lactamase (ESBL), Escherichia coli, Klebsiella

pneumoniae, Korean hospitals

Al B2 93 Aoz AzA?. o] § B-lactamaseE
AAst= WAMFE Al 34D cephalosporin
BrlactamAl= M3 7ZA= g 7% @AY agtreonamols FFAoIUT T
o] Al2slE= FFAHEA A AAAAM AHEH 1980t E Wl oxyimino-B-lactam#) 7t &
= A9 50% AEE AP 2zvt 8 3t = extended-spectrum @-lactamase
Zejol = B-lactam FFA ] WAA AlFol (ESBL) Mgl 5dolX A& 23N
zZ7lst ZYZ @AY AZE 9% A LV oM AA AHUHAM Tt A
Aol ol ¢ A7t ol M9 g HIHAWT
lactam E-FAo e HANA ZF 713 EA ESBL& Klebsiella  pneumoniaeY
7} = R B-lactamaseo] &3 A 9 Escherichia coli7t 2 AAsted” Ccdole
B2g3olt, o5 T URELS TEM-I, Citrobacter, Enterobacter, Serratia,

TEM-2 @ SHV-1 £29 B-lactamase A4l Morganella, Proteus, Pseudomonas,
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Acinetobacter, Salmonella R Shigella £9|
FEFAME Ao BIxHAAGY. =3
ESBL A4 #F& dlzES & dovy
T8 #ato M &3] EElH e Aer &
HA e,

ESBL AA#F9 ¥&S 71 & Ao
ozt gttt FEANME FEAA Fxjol
Al E 28 K. pneumoniae®l 20-25%, u|=o]
MeE AN E2E FHAFY 9%7t
ESBLE A#Adte 2oz BEigucy. %2
Yetol A = o F'We]l E. coli$t K.
pneumoniae®] cefotaximeo| t g WAl & o]
1986139 Z+Z} 1% 9t 6% A, 19973 = 7%
% 26% %2 ST AL, of TV ¥
v kol A E 2 H K. pneumoniaed 41%7}
ESBLS AAsdcy s olgd vy
2 € 9 fYetalM T oju] ESBL AA
Aol s FAHE & doh 2134 xNF
7bA S e] ESBL A4 Aol #3 AFE
a9 HYS dAY2E UL, FE WY
2lel Al & National Committee for Clinical
Laboratory Standards (NCCLS)9] A¥7F
< HE&EA %S A7t dEEIAY kI
AAE 223 9 € AL 02 vy
7t A9 U} dE ] olATe2E Sy
2 A FelFeo ESBL AAFF vl& L
B3t7] gy Az Cldl A S A $7)
A FEHA Foy sz ol E AF
AME A 127 HE xR JAAA A
28 dH E coli®t K. pneumoniaeE
F2oZ ESBL AT ZAAE, o4 2 d4K
a3 v g, g FFAC dFd e %

2e W3l s
SO
1999 9¥ 5§ 129 Atolo] Mg 374, 2

2N, BF AE A7) Y 33 38 2

A, 7 1 MY EAY dAFEACA 2

=

2 99 E coli ¢ 100534 3 K
pneumoniae % 5074 & FIs At 3 A
dqx FH FedE FF= AYgsdd. #F
RS ATAHA AserE Yol AE3R
Nee) osan

ESBL A/A4dF9 ¥y FAAEE 7+ ¥
Holl A AE3ATH o] A=
Dickinson Microbiology SystemsA}
(Cockeysville, MD, USA)2l Mueller-Hinton
dHA F& HEFET F 20/10 pg9
amoxicillin-clavulanic acid 923 & W& F
Sl 3 Y23 spEzAE Alele) At
15 cmo] HEE 10 ug® cefpodoxime TA
39 30 pg9 cefotaxime, ceftazidime %
aztreonam YA3IE F gl 35CoA 18417+
g F JAW AEFL Ao NCCLSY
ESBL A¥7|&Eo mep siAsidct 9 4
7R Al YA g oA A7t
7FA 8l% amoxicillin-clavulanic acidol] ¢] &}
HA38 HAAA double disk synergy Al¥ o
4. & ESBL AA#F2 #AH3 A A
NCCLS O A3 #Hiaygosg

ampicillin, ampicillin-sulbactam, cephalothin,

Becton

A °
e

cefoxitin, amikacin, gentamicin, tobramyecin,
=]
(Becton Dickinson Microbiology Systems)&

WA AR

trimethoprim-sulfamethoxazole

Z 1

ESBL AAFFE E coli 1171F F 115%F
(9.8% )%} K. pneumoniae 585% Z 1503
(25.6%)°1th. ESBL AAFFE= EE 3Id
HEY #F FoA FAHAJEH, I g2
Heol ot @3t E coli & ESBL 8A#
9o Hgo] FUYYA X2 Mg 1/ w4
(196%), 7459 17] #HY (183%) ¥ FHe
178 39 (17.0%) 0102, ¥]&o] 7t3 2w
X2 F429 10 ¥Y (35%)01uH. K.
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pneumoniae % ESBL AA#FF2 H & &
U XL ez U HY (413%)F 7
7IE9 170 HY (380%)°1UQ wkA A g9
178 ¥4 (100%)0A 7173 ok g g
HdolA ESBL AAFFY v &L K
pneumoniae?t E. coliB ™ Egtou Ag&9 1
N HYAMNE E coli7t B ¥tk (Table 1).

Helel A7) @& ESBL AAdF9 u&
2 E. colifl 7% 1000874 olAe diduwy
T& 8.2%, 500-999 WA FYYYPFS
95%, 50087 viTte] AFWUF LS 14.2%°)
A3, K. pneumoniae® 7%= 7z 32.7%,
216% 2 302%0°]Qtt.

AAYE NYIFFFE E colid) 3 2 B
A F7t 7432 7+ WY, K. pneumoniae
= g RelFst 278F 2 7R w%oy, A
d7dF 9 ESBLY ¥&2 E coliv A"
EaF Fo ZolN 259%, K. pneumoniae™
Ags 8 FeF Fol @olM #Z 277%9)
272%°19tt. EYollX EH E. colic 124
FolEd) )39 40%7} ESBL A4 #3F0)

22, K. pneumoniaes 44F0lQ£d olF 9
13.6%7F ESBL AA#olth (Table 2).
ESBL A4 E. coi} %38 ZAAY w&
2 65%., A"F 13% ¥9Y 5%°]30 29, ESBL
A4 K. pneumoniae7t ¥2]d ZA 9 vg2
Aol 52%, 2 28%, o] 4% E A A
t} (Fig. 1).

#xe A2&34E & & UANY ESBL AA
@5 % E. coliz # A FAF71 10.0%,
F8AA ¥z BIAF7 173%0193, ESBL
A A K. pneumoniaet & EaF7}
10.9%, F8A4A EHAF7 40.0%° A
(Table 2).

ESBL A4#F¢ vlAANZFo 92 37
Aol g YAHEELE wZIHA E
Al AN zZzt 44%9 8%,
gentamicinol & 86% 2} 35%, tobramycinol &=
83%9} 21%°)0 3, cotrimoxazoleol] &) A =
2}z 77% 9 53%°l19 k. K. pneumoniaet
amikacino] 3 z}Z} 28% 9} 6%, gentamicin
e 77%9 11%, tobramycinol= 91% 9+

coli+

amikacinol

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

E. coli K. pneumoniae
Location of
hospital ed No. (%) of No. tested No. (%) of
No. test ESBL-producer ) ESBL-producer

Seoul A 105 9 (86) 53 16 (30.2)

B 97 19 (19.6) 50 5 (10.0)

C 50 3 6.0 36 11 (30.6)
Kyungki 100 6 (6.0) 50 19 (38.0)
Kangwon 100 9 (3.0) 46 19 (41.3)
Chungbuk 100 17 (17.0) 49 13 (26.5)
Chonbuk 100 8 (8.0) 50 14 (28.0)
Kwangju 102 6 (5.9) 53 6 (11.3)
Kyungbuk 104 19 (18.3) 50 15 (30.0)
Kyungnam 100 8 (8.0) 50 10 (20.0)
Pusan A 99 7 (1.1) 48 13 (27.1)

B 114 4 (35) 50 9 (18.0)
Total 1171 115 (9.8) 585 150 (25.6)

—404 ~



Table 2. Distribution of ESBL-producing E. coll and K. pneumoniae isolates by the source

E. coli K. pneumoniae Total
Scurce No. No. (%) of No. No. (%) of No. No. (%) of
tested ESBL-producer tested ESBL -producer tested ESBL-producer
Specimen
Blood 124 5 (4.0) 44 6 (13.6) 163 11 (6.5}
Sputum 58 15 (259) 278 77 (27.7) 336 92 (27.4)
Urine 743 73 (9.8) 151 41 (27.2) 894 114 (12.8)
Wound 134 11 (8.2) 37 12 (21.1) 191 23 (12.00
Others” 92 8 (8.7) 48 12 (25.0) 140 20 (14.3)
Toal 1151 112 (9.7) o78 148 (25.6) 1729 260 (15.0)
Service
OPD 300 30 (10.0) 64 7 (10.9) 364 37 (10.2)
Ward 272 34 (12.5) 165 41 (24.8) 437 75 (17.2)
ICU 52 9 (17.3) 90 36 (40.0) 142 45 (31.7)
Total 624 73 11.7) 319 84 (26.3) 943 157 (16.6)

Abbreviation: ESBL, extended-spectrum f-lactamase; OPD, outpatient department: ICU, intensive care

unit.

* No. of isolates: Bile, 40: catheter tip 24: cerebrospinal fluid, 6. genital tract, 32; peritoneal fluid 30;

pleural fluid 8.

13%, co-trimoxazole®] ZtZ} 72%9F 7%°l
t}. Cefoxitin® WA &l E colif] 7%
ESBL AAZZ7t 25%, v AN FE7F 8%0)
23, K. pneumoniaeq] 7AS= Z+zZt 11%%%
14%°1 A (Table 3).

i }

Al 3Ml] cephalosporinAl& 7}& &%
TEM-1, TEM-2, SHV-1 59| B-lactamase®l
A3t g FF T AIF AF)
9 24 &g I3y Zd E. coli$t K.
pneumoniae 3o ESBL AlA el F71stx
2o, ESBL ®AAE= plasmido] &) o &
4Fo2 Aed 5 U dUAEE g
T A7 "WEA Az FAM HxA
ESBL AA4#Fd A% FdF5ol fedaE

T3 AA g8 JgedA AR ggo o7
A5 oa) HyE w glov, I H&
of g Byes @A ¥t

B dFoMsE dFd FoAFd vt 12
N HY EFA ESBL 44 E coli$t K.
pneumoniaeZt Sl&°l #FAHJck ESBL A
A E. coli$t K. pneumoniae?] H#F H &L
z}zt 98% %t 256%°lA 20, B wa A
o] 7} @olA 35-19.6% % 10-41.3%°] A}
1997d ©| 9] 10270 HEE WAdeE & B
o 9]3}H, ceftazidime WA E. coli$t K.
pneumoniae?t Z+Zy 103%9} 238% =2 $-8
kel fARSE ¥ &g Hgoy, dEsHt 9
39+ E. coli®} Klebsiella spp. 5 < 1% T
o] ESBL AAZFE® A gt "9
TE7F 3AY i ddsE ESBL 447
F9o] £g8o] o RIa7t oy B A
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Table 3. Antimicrobial resistance of ESBL-producing E. coll and K. pneumoniae isolates

% of isolates

ESBL-
Species production Susceptibility
(No. tested) AMP AMS CEP FOX AMK GEN TOB SXT
S 0 13 8 73 50 11 14 23
Positive I o 1 2 2 6 3 3 0
(115)
R 100 77 % 25 44 86 83 77
E. coli
S 22 61 49 89 0 63 73 46
Negative 5
(1056) I 1 9 18 3 2 2 6 1
R 77 30 33 8 8 35 21 53
S NT 28 9 84 49 22 8 26
Positive -
5 2
(150) I N1 16 0 5 23 1 1 2
R NT 56 91 11 28 77 91 72
K. pneumoniae
S NT 72 72 83 91 83 86 31
Negative . - 5
435) 1 NT 5 5 3 3 1 1 2
R NT 23 23 14 6 11 13 7
Abbreviations: S, susceptible; I, intermediate: R, resistant; ESBL, extended-spectrum f-lactamase: AMP,
ampicillin: AMS, ampicillin-sulbactam: CEP, cephalothin: FOX, cefoxitin: AMK, amikacin; GEN,

gentamicin;: TOB, tobramycin: SXT, trimethoprim-sulfamethoxazole; NT, not tested.

Fig. 1. Proportion of ESBL-producing E. coli and K. pneumoniae isolates by

— 406 -
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79 7%, 500 ¥ olEe] 2/ WY A
A ¥2¥ ESBL BA4FF9 vl&o) E. coli
Z 142%% K. pneumoniae & 302% % =7t
T2 WHRY 238 E%IL, 1000 HAE
o]4de] B el HMAME E coliz © EI}IL,
K. pneumoniaes 27t B2 Ho|th FoF
5004 ol3td HE F7t 2712 HUATE,
ety A$es vird HaFrh AL o
Yol x 3aA Atgo=E AF gFely
Wag $o2 Qs ESBL AMdTFFI &3l
o AZE AT,

ESBL AAd#F< dUHzZdE &3 %_137]
o F8AM BYF Fo T AL
Atk B AFdAMxE FEAL £HF FY
ESBL AAddF vl &o] iy duhid &
L B Fol usted of 2-3v) AT EUTH
ESBL XAl K. pneumoniae B &< 19963 A
BHyd FEA4A4 829 K
pneuminiae®) ™ & cefotaxime WA & 47% %
s RL, uFe 144%7, ¥ 11%9%
zgrol 16%0 uldo] E;orou Eoil Yy
59%* Btk @kt =3 A9 17] Hdo
Me 8 F4E LA 28 E coli®] 196%
7} ESBL AA#F 2 K. pneumoniae® 10%
Brd e, ols Ald 3 Al719 ESBL
A E. colidl 28t Aotz @A) IDHE
o] folAd ReZE FUFHAG

A zwo Mok Ao ESBL 44 K.
pneumoniae’} 7} &3] EelHGn 3§
edl, & dFNME Ag BgF Fo &3
o E. coli® A% Ag ZHAre ESBL A
AaEF9 vlgo] & FHA uvlE| 2u) o]
=3t 8 BEF Fde 128%7} ESBL A
AaFoldt. A9 FFU AL IR A
Add + UL 2 €8 ESBL #F& 7
A AFol ool goevt g #FxA
171‘&°“ AgE £ Jermz 17 FQA

P e gt g2A S8R, 5
7:314]°ﬂ sl A ol2l s F59 Az WAE 9

£ wo)

;E

-

3 e AAT Wi 98T ReE A
E2HRG. & < XA AL RAA
g S dFA A8 YFFHo &
3] ESBL AA#F A% 783 3% A
A3 gAY MAdo] vfs FR3 33l
th ¥ AN Y $F FAME E coli
%9 4.0%7t ESBL AAdFeIA2H K.
pneumoniae TAE 136% %2 ¥ Y. Pena
AN g2 A Fe¥E K
pneumoniae® ¥A & A, ESBL AAAIF
7 ESBL H|AAFFo ®is 28] Hx Fo}
ESBL AAd#F7t #¥8%FS o & 427+
78] Aty stgch

ESBL A4 @F& A 34Adg 440
cephalosporin# 2 monobactam Al 7} x] £ & &}
2% carbapenemA Y cephamycinA & A}
g RE B-lactamA| 7}t X F HF&3A E3}
g2 B AP ESBL HAFF F
ampicillin-sulbactam©] 4} cephalothin®) 74
A #F7F Aot olE A YAAYU &
#= lth Cefoxitin® ESBL A4 E. colit}
K. pneumoniaed] 23+ Zrg 3 A8 AH7}
Aoty g A e, 2 o *AE £
3t= AmpC B-lactamaseE A3+ #F7}
Z718l3 Yoj2 2 I FLAo Yty &
Atk o}A 7R imipenem S92 carbapenem
Aol WAQ E. colivt K. pneumoniae= &
veted gle ReE ¢eA e ESBL A
AT o8 FdF ANEA A9 £ ¢
871 18 B-lactamA & HAY F U ?}ﬂ‘
Aol oMol FWHHIL . Babini%
Livermore=™ 1997'd¢l A4l 1998'd Afojel]
dollAl ¥2 ¥ Klebsiella spp. 8 WS 2
ESBL A A #Fs ¥l AHFF 29
aminoglycoside] o] g WA &2 xtolE vl
e A gentamicin® 2Z}Z} 71% % 95%,
amikacin® 61%9t 4% =2, ESBL R & 57}
e Aol dE WAE Boil Basth

o] aminoglycosideA ¢} cotrimoxazole WA}

|:n)0

lr_l
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3z 7F ESBL 44 #3249 22 plasmid
of A7l WFolgty FATH. ¥ AFAME
aminoglycosideA] 8} co-trimoxazole Sol o3t
ESBL AA4F9 WA &L ESBL HAANFF
B 8X3 Eddth. ESBL HA4FFE
fluoroquinoloneAl Al = WAl #3771 By
geid Jqed® £ AFAME ZAHA &
big=2

o] @A et FaqAN RIAHE
E. coli$} K. pneumoniae Fo)= ESBL A4
457 Agolyt W] wal vlgo= Aol
7t ey Ed, olg HF2 2% Ad FH
oA &3] EAHT AAME HA A
¥2€t £8 ESBL AAFFE AN FF
of Hlgte g FFA i WAS: o
= &8 9t

o of
g .

E 3 : Extended-spectrum p-lactamase
(ESBL) A4 #8477 d 3¢ 477
fEdatd e Jdevd AF FE A4t
gglerg ESBL AA Escherichia coli$t
Klebsiella pneumoniae®] Y| &< ZAAY, #A
42 FEsy UE A dE FFA &
4E& ZAE A s

Y 19999 9YFEH 129 Atele] HF
1278 ¥ 99 44AAMAN E2d dA9 E
coli 1,171} K. pneumoniae 5855 & Q42
2 &do. ESBL A FF ME2
cefpodoxime, cefotaxime, ceftazidime %
aztreonam Y232 Al @3 National
Committee for Clinical Laboratory Standards
o] 71Eo w2t A FHAL, double disk
synergy Al¥ 44 Z$E ESBL AAHZF
2 B33

23 F9 Y 25N ESBL A4 FF
7t A=A @#F5¥ ESBL A F9 Hl
&2 E. coli7t 98% (35-196%)°1RL, K.

pneumoniae?t 256% (10-413%)°l}ch. A
A H2e AdgdA, BAEEE SRR
A ¥ ¥ ESBL A4AFFY w7 4z
274%9 317%2 7}4 ®%th ESBL 447
9] aminoglycosideAl & co-trimoxazoleol] i
¢ WA EL ESBL WMAAIEF Ho #A3
=3

ZE: ESBL A4 E «li% K. pneumoniae:=
S o dg HA A, 29 A
AA A E3 EAHUY, F AL F Ao
Aol FeElgo] %y, o A dF
WAl &) ESBL HlAAdFFol vis) gkt
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