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(27.5%)7} norfloxacine] = 5] WA & Jel it} o] F 17 T3 (7.3%)7} double disk synergy testol] 2] 8] oFAJut
& epd Floz FlH A, o] ol A 6714 A o d 8 Hh A FE=E FU1H o AIYTE A,
13 #F71 4714 o] Ade] o2 A 4 2] 3G A o W g 5 oA WAl A 22 Jebsted. Isoelectric focusing gel
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coli 23352 Balsld A|duiato 2 slgch

£|29{H|= % (Minimal inhibitory concentration, MIC) &8

National Committee for Clinical Laboratory Standards (NCCLS)
(13) 71 wehA 3 AH o 2 APk AlE JAAZE
ampicillin, cephalothin, gentamicin, norfloxacin (Sigma, Louis,
MO, USAYE AH-3t5t). 3], B-lactamase®} ESBL AYAkT=rol|
3l A= F7F2 tetracycline, choloramphenicol (Acros, NJ, USA),
trimethoprim, cefoxitin, cefotaxime, ceftazidime Aol 3l A
AlFEATh. & wdE A2 FdE 0.85% NaCl -89
McFarland nephelometer No. 052 =& W & Z}zhe] 8H4)
A7F 0.25~128 uyg/ml F==Z -+ Muller-Hinton (MH) -4l
Aol AFEF 10° CFUE AHF3tart. 37°C 2719 18 Azt
i & Fgho] F4 oS BE3l 107) ol3te] 27t At
H TEE HAAFEE AASIT A3 Asds sty
2z FF E. coli ATCC 259225 FAo) Algstdct,

ESBL 8 232 4

NCCLS 7|50l W} double disk synergy AlEHE AHE-313]

Cwa ke ke AEEe s AHE F, 0.85% NaCl &
o]l McFarland nephelometer No. 058 EILE WHEAT AT
Bgolg wgos MH SRl w2 AES F, 99B
YH& FI cefotaxime (30 pg), cefotaximed} clavulanic acid
(cefotaxime 30 pugi}t clavulanic acid 10pg), ceftazidime (30ug),
ceftazidime¥} clavulanic acid (cefotaxime 30pug3 clavulanic acid
10pgel 8 t2=aE Selgsitth Aldol JTE wiAle
37°C #2710 1871t wj g3t F ZF FAPA] tam F9)o 421
AAle] =718 ZF3te] NCCLS 7|&el we} 74448 &3
BTt T tl=z Aleloll A FsaET ) 2§ AAFe] FFH Y
o] 5mm oPFo R FHEHW PgoF WAt Ate] HE
e At JFx 4F E coli ATCC 259225 FAo A1F3HA
o},

Isoelectric focusing (IEF)0] 2|8t S®HE (pD) FH
B-lactamase®] pIE =795}7] 918l I[EFE HAIsH4 ) ti4719]
Adg 228 G712 g crude extract® ampholite gel
(PpH 3.0 to 10.0)] ¥, Mini IEF 111 apparatus (Bio-Rad,
Richmond, CA, USAYS ©]&-3}a 100 VollA] 153, 200 VollA]
15%, 450 VoA 1Ay A719%F 83T Geloll nitrocefin -84
(500 pg/ml)S Hoja] Blactamase?] YXE EI5HL ©lE
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marker B A 9] regrassion curves} B sk pIE ZASIATH

ESBL REXt H&

ESBLE Aisle #5-8 uldoz F8a4Asuk-g(poly-
merase chain reaction, PCR)2- ©]-83}o] ESBL A%} A& Al
BE 3HTh Al@e] AREE Zetolme] AV E-S Table 13}
Zt} Hk-8-& 95°Co)A] denaturation 10%-, denaturation(95°C 30
Z), annealing(TEM3} CTX-M, 46°C 1%; OXA, 49°C 18,
AmpC, 56°C 15, extension(72°C 1) A4 308 wrE-513,
ohAlEt AR 72°C 1089 FP o= o)Fof Aok FFAE 5
WS 1% agarose geloll F7] FF3t] AY4HE DNA FHE &<l
=g

ESBL RAX}e| 88 24
PCR $% AFEL QIlAquick Gel Extraction Kit (Qiagen,
Chatsworth, CA, USA)& ©]-83} agarose gel2H-E] £z, HA]
3 & dideoxy-mediated chain termination Hell ulgl ABI DNA
sequencer (Applied Biosystem, Forster city, CA, USA)E A7|A
3 BHAgG

Hetoll o8 LA g

Filter binding *'H o2 WARZAA ALARE APt
Cephalothin®] WA, tetracyclineo] 74l F TF(CCARM
No. 13367} 1353)& WA A= k3L, cephalothin®] 74,
tetracycline®l] WA E&EE2 FF(CCARM No. 1203y WA
FoAAZ ARSBITE WA Foiate} 928 22} brain heart
infusion (BHI, Difco) AN x|o] HE3s}e] 9t A& v 3}
aAtth. FoA; ikl 50 pie}h g A} wiFe 450 pE A BHI 9
Auhx] 4.5 mio] S0 AFT wolA A &, I mlS
0.45 um nitrocellulose &3] (Milipore, Bedford, MA)ell 343}
o] REAAZ] thg 37°Col A 3A1ZE F4b widstsact wikE o
AAE 1 mie] Al BHI AA=]e] Yol X8E & 100 s #
3f], cephalothin®} tetracycline ©] T+ MacConkey 33| %]l
AEsHT). 37°Coll A 18RI BiFE- transconjugantsS- A1E 3}
ok A Aol #8181 wansconjugantsZHE TEM-50]
zZelo|E AMEEle] PCRE A EH] A4t DNA FHE &
Q18IAT, MICE HHS| Y o2 ERIsITt

Table 1. PCR primers specific to each B-lactamase gene

Product
size (bp) Reference

ESBL Primer Sequence

5-ATAAAATTCTTGAAGACGAAA 3
TEM o GACAGTTACCAATGCTTAATC-3' 10017

5-TCAACTTTCAAGATCGCA-3'
OXA 5-GTGTGTTTAGAATGGTGA-3' 609 2

5 TCGTCTCTTCCAGA-3
CTX-M3, cAGCGCTTTIGCCGTCTAAGY V900 7

Ampc 3-CTACGGTCTGGCTGCTA-3 169 “
P 5 TGGAGCAAGAGGCGGTA-3'




Vol. 40, No. 4 A Hul gl ESBL 297

Random amplified polymorphic DNA (RAPD)E 0|88t & Table 2. Comparison of antimicrobial susceptibility among 233 clinical

M Rx BN isolates of Escherichia coli
RAPD HE-§-9-& genomic DNA 20 ng, 10X reaction buffer Antimicrobial agents MIC,, MIC,, Range (1ug/ml)
(100mM Tris-HCl, 500 mM KCI, pH 8.3) 3pl, sterile H,0 9.5  Ampicillin >128 >128 0.5~>128
ul, 25mM MgClL, 1.5ul, 25 mM deoxynucleoside triphosphates ~ Cephalothin 16 >128 <0.25~>128
2.5, primer (5- AAGAGCCCCTT-3) 2.0 pM, Tug DNA poly- ~ Oentamicin 4 128 <0.25~>128
Norfloxacin <0.25 >128 <0.25~>128

merase (Promega, Madison, WI, USA) 5.0 UL 2 A Z=d )
PCR 9h&-2 94°Co)| A denaturation 5%, 453] wrEA 2] 94°C
B, 36°C 18, 72°C 2?:, 283 vk ©@A| 72°C 5SRO0 9] ampicillindl] Tl WAIE veld o, 80 T(34.3%)= cephalothin

FojZrh HESANE-S 1.0% agarose gel2 ©]&3la] 100Vl A o, 93 ¥F=(39.9%) gentamicin®l], T2 64 TF (27.5%)=
AR5 & Bloproﬁle image analysis system (Viber Lourmat, norfloxacin®l} taf W3S YebATh o]E9) MIC, & MIC,, &
Marnela Vallee, France)& o8-8t £413}5]c}. Table 2 A3tk 53], 7 TF 3.0%)yE 47HA FA3A ol

e =i (128 pg/ml ©) S Ve
Pulsed field gel electrophoresis (PFGE)E 0[&%t F&A} 7

= B Double-disk synergy (DDS) A|®E S8 ESBL ih7sEo)
BHI AAIAIe] &ut vl st viFHE cell suspension =
buffer(10mM Tris-Cl, 1 M NaCl, pH 76)°] & Z83 ¥ 1% % 23359 A4 E coli FAAM 17 TF(7.3%)7t DDSON A

InCert agar (Bio-Rad)S ©]-83ld plugE THEIL, 1 mg/ml FAuHS-S YERTE o]& @5 ampicillin?} cephalothinol] T
lysozomeS 37°CollA] &Fut Agjsled AEHS SHAZT Xpal 3 WAS UERTE olFdlA 5 FFE 471 AR sl
(MBI Fermentas, Hanover, MD, USA)Z ©]-83}¢] genomic DNA P43 (128 pg/ml ©1hH)S VFERATE ESBL Aol tisiA]
& AWk & CHEF DRI system (Bio-RadyE ©]-838F4] 14°Col A 67FA gAAl tisl] FrHez MICE &73% AXKTable 3),
6 VicmE 1040 %¢] pulse time2 2 2343t 7] 95340} 2 13 T3 (76.5%)E multi-drug resistance (MDR)S WERAIL Qlc,
= Bioprofile image analysis systemr- ©]-8-5}e] B3} ), Ol F 4 HF= cefoxitindll A, 9 TF7} cefotaximedl] WA
14 757} ceftazidimeol] W3] W88 JeERH AT
2 I
pI0fl 2|8t ESBL EfY
Aot SN LA ek [EFZ A% 23 ESBLES 5494 8470A) thoFst pI 748
Z 233 T Y E coli 7HEH 184 TFT8I%)E  HEMHITE pl 8.0 HEHH 1 #F(CCARM 1343)5 AT

Table 3. Antimicrobial susceptibilities, pls, and the types of beta-lactamase and ESBL in urinary isolates of E. coli

CCARM MIC (ug/ml) Is Types of beta-lactamse
No.  Amp* Cep® Gen® Nor Tett Chl' Tri# Cef* Cw' Cff P and ESBL
1333 >128 >128 8 64 2 8 <025 8 8 32 54 TEM-1
1334 >128 64 64 64 >128 >128 32 8 <025 2 54 80 AmpC
1335 >128 128 64 05 >128 >I128 32 8 128 128 54 59 TEM-1 TEM-52
1336 >128 >128 64 <025 4 >I128 32 4 16 32 54 59 TEM-1 TEM-52
1338 >128 >128 >128 >128 >128 >128 32 16 128 128 54 TEM-1
1339 >128 >128 >128 1 >I128 >128 32 16 32 32 59 TEM-52
1340 >128 >128 4 <025 2 8 05 4 128 128 54 8.0 TEM-1  AmpC
1341 >128 >I28 >128 >128 >I28 8 32 >I28 64 64 54 8.0 TEM-1 OXA-33
1342 >128 >128 >128 >128 >I28 >128 32 4 64 64 54 TEM-1
1343 >128 32 >128 >128 >128 >128 32 32 >[28 >I28 8.0 AmpC
1345 >128 >128 >128 2 >I128 >128 32 32 128 128 54 59 TEM-1
1346 >128 128 64 <025 >128 4 <025 2 8 8 54 TEM-15
1348 >128 >128 128 <025 128 8 <025 2 32 32 54 59 TEM-1 TEM-20
1349 >128 >128 >128 >128 128 >128 <025 32 64 64 54 59 173 TEM-1  OXA-30
1350 >128 >128 >128 128 >I28 >I128 32 8 64 64 54 80 84 TEM-1  CTX-M-3 AmpC
1351 >128 64 1 05 128 >128 32 2 32 4 54 TEM-1
1353 >128 >128 >I128 <025 2 32 32 8 128 128 54 59 TEM-1 TEM-52

3Ampicillin "cephalothin; “gentamicin; ‘norfloxacin; “tetracycline ‘choloramphenicol; ®trimethoprim "cefoxitin * cefotaxime; ‘ceftazidime
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Fig. 1. PCR with specific primer to TEM. M, molecular size marker.
Arrows indicate DNA fragment with expected molecular weight
(1,100 bp). M, Supercoiled Marker.

16 772 pls TEMC2 FHEE 549 595 Yehfo] ol&
PCRZ &3 Ay} TEMOE ERIFIchFig. 1). o159 pl &k
0 ZRE 11 FF64.7%)yE TEMS, 2 d5(11.7%)= TEMI}
AmpC, 2 TF(11.7%)= TEMZ} OXA, | #F(5.8%)= TEM,
CTX-M I3 AmpC, | TF(5.8%)= AmpCE Aiksl= RS
2 F3 = UTH(Table 4).

ESBL2| /MY

B-lactamase & AAHRs F-AAE PCRE 5319 |7IME
S 2% An TEMS Aikehs 202 FAHRE 25 5 10 ¢
ZF(588%)= TEM-1, 1 TF(5.9%)= TEM-15, 1 TF(5.9%)=
TEM-20, 4 T3(23.5%) TEM-525 A2k Ao vpehdt)
OXA types UEMIE F ¥F F | 5= OXA-13% © e
d] amino acid?to] TFHE OXA-30 [131Arg(AGA)—Gly(GGA)]°]

AT, 1| FFE OXA-1T amino acidZ7} AlH) B3 0XA-33
[48Ala(GCA)—Val(GTA), 131Arg(AGA)—Gly(GGA), 208Asp

(GAT)~GIWGGAS Aakste Aoz Uelgth CTX-M type
ESBLE Aiksh=s #Fs d7IMd £42% CTX-M-13 Yl &
9] amino acid 7} ©E CTX-M-3 [77Val(GTT)—Ala(GCT),
114Asp(GAT)—Asn(AAT), 140Ser(TCT)—Ala(GCT), 288Asn(AAT)
—Asp(GAD)]-Z VERITH AmpC type2] ESBLS Ailsh= o
FE 2% chromosomal AmpC type?] ESBL-E A2beh= Ao
ERsTE

LHA FXXbe| ME

Table 4. Distribution of beta-lactamase and ESBLs produced by clinical
isolates of E. coli

B-Lactamase and ESBL type No. of isolates

TEM-1

TEM-15

TEM-20

TEM-52

TEM-1 + AmpC

TEM-1 + OXA-30

TEM-1 + OXA-33

TEM-1 + CTX-M-3 + AmpC
AmpC

Total

W
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—
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Fig. 2. PCR for transconjugants with specific primer to TEM. M,
molecular size marker. Arrows indicate DNA fragment with expected
molecular weight (1,100 bp).

WARRART) AR T3 gl Mt ol & FBl o
T2 4%@:}‘1‘ ol FE% FAA W3 Fite] EAE o]
g 5 A7) wRol] At FAZE oS glth. olell filter mating

o)) ojaf] TEM 427 F 5EE2]F<] E coliCCARM No.
12030l A== Ao] PCRE BQ1E ] W (Fig. 2) ©1E trans-
conjugants®] A ek AAFAFEE Table 59 2T
TC133691 4= TEM 32} ek ope} 44 W F8as
A AEE ALY ¥HE, TC135300M = A WA F38A7E A
2= gke Blo ' et

RAPD2} PFGEE 0|3} &
RAPD®} PFGE =&
ESBLE A4tsh= E coli 17 5L w5 el dBAo] =5-
wo Hoz UelythFig 3). RAPD Zgt oluel, PFGE
Az} GA] o] #F ol FAMSS ul9- &yl Tkl
Q- =2 Ao = eh} ©]E9] clonal spread?] A7} ohd
Aoz glgirk(Fig. 4).

o

B-Lactam FAAIE Al 559 Enterobacteriaceae®l 213+
2% A5l 73 2ol AR T e AT, 20). ©12
Q& Ay FEIA UATe] =t F7HER L, H2edle
£3] ol8 YATwS XF3] g AZs IYAE B3l
ESBLS Aiksle @57t E71=a glo] dolx] vi¢ Azs
FAZ T Aoh18). H Fefuet QoM Ba=e E
coli®} K. pneumoniae % ESBLS A4lshe w57t vid $71st
I Qe FAC o] 199730 4.8%1A 1993~1998 Ao
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Fig. 3. RAPD pattern of genomic DNA of isolates (A) and their
phylogeny (B). M, molecular size marker.

17.9%2, 283 2002390 19.8%8 Z7HEATH9, 10, 17). &
Aol A 2001 d =0l =) 3 e ol Ylgt BxE Tt
2 Ee|3 E coli & ESBLE AMelE we] Hlgd 48%=
7 #9] ¥uele= =) ESBL Al To] Whl-go] HlmH wre
202 YePEtt o] shuite] dig Hde tide g Adealr]
wol]l o] HAAH HAE ol EUe o3& AeRE
AAzbelth ESBL ARF ool 93t #hE-S A5A dgo)
NHYA A Hol, N g Au&S S/ 5 A, o= 28|
2xle] 9 7Izke] AAEY, Ao Ada A5 ED} o 7
gt gAY ARgo] QETh

LgutetollA BE"H E coli® K. pneumoniaed A 7V RA
Zjo g WAY T 9+ ESBLL TEM¥ SHV ElQlo|t}l. 53]
TEM E+Y o= TEM-1, TEM-20, TEM-527} 714 B3
o7 AARS 931, SHVIAE SHV-2a%} SHV-127} 78 &
of s AoE Hil Holltho-11, 16-17). & A< A

A e o o R W piid 0 i

1345 e

1348 e Ij
1348 !
1336 oy

1341 )
1338 ; "
gy 3
1348
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Fig. 4. PFGE pattern of genomic DNA digested with Xbal (A) and
their phylogeny (B). M, lamda marker.

53] she) BAUS PAksHE 73 o) T /A oldel &
A% BAG AV FFE e, o5 54& TEM-
3 A R A4S Sl AR A0 UBdt 058

Z}Z} OXA-30, OXA-33, 282l CTX-M-38¢] Aoz el

o

ol9} o}&e] 2 Fekav| = visiEE AmpC BFYe]
ii WAl A Azt T’:XﬂF of7[8tal & CMY, MOX, FOX

S AmpC ERSlel A4 RS RIS A7 Fefiv|=E i)
2 3 AmpC BYS %‘735111 Sk, B ATelA et
AmpCe BF AR L o8t Ao Jeiutth 2t 71&9)
Huols g B Aol ARE w5 F SHVE Aikehs a5
= A=A BuTh

37 ESBLE Ak He o8 717 9490 F diFEo]
ESBL A4 #59] clonal spread®! A2z 48l# YA

ol A= TEM-1, TEM-52, TEM-158} TEM-209] &0 2 Jepyt e Zefar|=o) o3t fHxte] dg Z2:ZE <3 Ay W F
o 0l AS% B H UCHT). Gniadkowski et al(71)2] Rilol] 2
Table 5. Antimicrobial susceptibilities of E. coli clinical isolates, animal isolate, and their transconjugants

CCAMRNo.  Amp® Azt Cep* cfz Cft* Cfx’ Gen® Nor" Tet Chl Tri*
1336 >128 2 64 128 32 2 32 0.5 8 >128 >128
1353 >128 4 >128 >128 128 4 64 <0.25 8 32 >128
1203 4 <0.25 16 0.5 <0.25 4 8 0.5 >128 2 <0.25
TC™1336 >128 2 32 128 128 2 32 0.5 >128 >128 >128
TC1353 >128 <0.25 32 2 <0.25 2 64 0.5 >128 32 >128

*Ampicillin; Paztreonam; ‘cephalothin; Jceftazidime; *cefotaxime; 'cefoxitin; 2gentamicin; "norfloxacin; ‘tetracyclin; ‘chloromphenicol; trimethop-

rim; 'animal isolate of E. coli used for recipient bacteria; ™transconjugant
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Sl ZR=o] e oA dE ESBL ARF w9] A4
UX= clonal spreadoll 2]€F Hog FAFUT, o]9} &4
ESBL A2 7171 Fefan|=9] Huto| o5k zlo] ¢ i
HAk FuUloA AR g5o] Agde Fepu|=d 9
ESBL A4} frziztel Autg BaEe] 3lrk(17).

ole] £ A7) AH8E T+ ESBL A4+ %10 clonal
spread Q14| 3-& 75 7+ FEfv]=e] oF A AL <
g AFRAA #13}aA4}; 3], RAPDS} PFGEE AAete] -4
2488 4% Ay 75 7 frARdol vl 2 AoE UE
gt} ol2RE e WY oA EedE a5 Ul FAM ol
o w2 Ao 7 7)9lo] @39 clonal spreaddl| €13k Aol
ollz}, ZEfau|so o8t {AX AY & B Aol o
Aoz FZ23 4 ok

B Aol 3z Ho| AFE AlAE 49 Eeans
= g {32 Hojzt dojubks Aoz 1A 53]
Ate] Ao AR 2R Eejd dFERH 5E 29
o 1 FRAXE A AeE YEh AR T E
Zre] F2AF Hg Wk ohle}, AR BE ] FPHH
AR HE) M= 1A Ao 28 BSBL| e}t
to] Aol = U= A7} o] wig- Az BAF E R
o7 AztErt

oo |
Mok

i

fr

HAte| 2

B dAs FEH201102-3)9 B 5-2]5(03-PII-PGI-CHO3-
0002)A] el ojal] 4= =] A3
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ABSTRACT : Prevalence of Extended Spectrum f§-Lactamase-Producing Clinical Isolates of Escher-
ichia coli in a University Hospital, Korea
Kyenam Lee, Woo-Joo Kim’, and Yeonhee Lee*(Department of Biology and Culture Col-
lection of Antimicrobial Resistant Microbes, Seoul Women'’s University, Seoul 139-774, Korea,
IDepaﬁment of Infectious Diseases, Kuro Hospital, Korea University, Seoul 152-703, Korea)

Recently, the rapid increase and global spread of extended-spectrum B-lactamase producing clinical isolates has
become a serious problem. The incidence of extended-spectrum -lactamase producing clinical isolates of
Escherichia coli in Korea and susceptibility to antimicrobial agents were investigated. Total 233 isolates of E.
coli were obtained from urine from hospitalized patients in Guro hospital, Korea University in 2001. One hun-
dred and eighty four isolates (78.9%) were resistant to ampicillin, 80 isolates (34.3%) were resistant to ceph-
alothin, 93 isolates (39.9%) were resistant to gentamicin, and 64 isolates (27.5%) were resistant to norfloxacin.
Among 233 isolates, 17 isolates (7.3%) were positive as determined by the double disk synergy test. When min-
imal inhibitory concentrations were assayed with additional 6 antimicrobial agents, 13 isolates (76.5%) were
multi-drug resistant to at least four different class antimicrobial agents. Extended-spectrum B-lactamases were
characterized with isoelectric focusing gel electrophoresis and DNA sequencing. They were TEM-1 in 5 iso-
lates, TEM-15 in 1 isolate, TEM-20 in 1 isolate, TEM-52 in 4 isolates, TEM-1 and AmpC in 2 isolates, TEM-1
and OXA-30in | isolate, TEM-1 and OXA-33 in 1 isolate, TEM-1, CTX-M-3, and AmpC in 1 isolate, but SHV
was not detected. Antimicrobial resistance genes were transferred to animal isolate of E. coli (CCARM No.
1203) by the filter mating method. Extended spectrum B-lactamase producers studied in the current study have
low correlation to each other as determined by random amplified polymorphic DNA and pulsed field gel elec-
trophoresis. This is a contradictory result from the general hypothesis that extended-spectrum B-lactamase pro-
ducers in one hospital is a result from a clonal spread.



