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Patterns of Antimicrobial Resistance and Genotyping of Extended
Spectrum B-Lactamase (ESBL) Producing Clinical Isolates in Korea
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The emergence of extended spectrum B-lactamase (ESBL) producing bacteria is worldwide concern. Until recently,
the most frequently identified strains in the Republic of Korea were E. coli and Klebsiella spp. The incidence of
resistance to extended spectrum B-lactam antibiotics is increasing in Wonju city, Korea. Total 57 strains of ESBL
producing E. coli and Klebsiella species were isolated from Wonju Christian Hospital during a 9 month-period from
April to December, 2003. To determine the prevalence and genotypes of the ESBL producing clinical isolates, antibiotic
susceptibility and ESBL activity test by VITEK system and double disk synergy (DDS) test, and PCR based genotyping
were performed. Fourteen (82%) isolates of 17 ESBL producing E. coli were found to have blargy gene and 5 (29%)
isolates were found to have blacrx gene by polymerase chain reaction (PCR). Thirty (75%) isolates of 40 ESBL
producing Klebsiella species with blargy gene, 38 (95%) isolates with blagyy gene, and 7 (20%) isolates with blacrxa
type gene were also identified. Enterobacterial repetitive intergenic consensus (ERIC) PCR and similarity index by
dendrogram for genetical similarity to band pattern of each clinical isolates were examined. ESBL producing E. coli
were grouped into 6 clusters up to 84% of similarity index and Klebsiella species were grouped into 12 clusters up to
76% of similarity index. In conclusion, ESBL producing clinical isolates were characterized with the results from
antimicrobial resistance pattern and genetical similarity using ERIC PCR.

Key Words: Extended spectrum B-lactamase (ESBL), Polymerase chain reaction (PCR), Enterobacterial repetitive
intergenic consensus (ERIC)
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Ao A amide A3}, Z B-lactam ringS 7RSO 2 A
E3438l AZ1th (Ambler et al.,, 1991; Bush et al., 1995).
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w2 H= dFlM 7P EF e TEM-1, TEM-2, SHV-1
o]t} ey} ol5 FHAA 1~47] A=) oju) Ak
| A%k = HWo] (point mutation)’} Yo}t Al X =
FHHYo] YehtaL glom, Bush 5& o1& A2e &
2o dal &Aoo 2X4E B EEE S Ae
orslR=rl, AA7H< TEME S TEM-1207}4], SHVE
2 SHV-42744] HALE| 3L QT (Mulvey et al, 2004). &
s Ambled] EFHl I3 Class Aol 48R CTX-M
o] FEHIET} oA AL Yok CTX-M type cefotaxime
of W3S YeI™ E. coli, Klebsiella spp. %4+ oz}
Salmonella enterica serovar Typhimurium®l]| A &= o] &
I AT} (Aroonwadee et al., 2002; Dutour et al., 2002; Spanu
et al, 2002; Edelstein et al., 2003; Eckert et al., 2004). ©]&
p-lactamase™ THH-Z°] penicillin A1 A2} FH L] cephalo-
sporin A|AE E3E = Ark 19803 ol = o]E & il
WA M= A3 cefotaxime, ceftazidime 52 A 34
cephalosporin¥} monobactam 5-©] 7HEE o] 7+AZ $hA}
NA F-&3tA 22o] gtk 1L} extended spectrum p-
lactamase (ESBL)E A4 8te dF7F Bars7] AlZbslsd
i, #HZole o #ElRiEst yetEs 23 Al
olz] vbellAl Frletar lelA] o]e} & Al 3MITh
cephalosporin®} monobactam 52| YA+ X 5ol Al&3dl=
AL o]y Ho] Eo] AT} (Tenover et al., 2003; Arpin et
al., 2003).
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ol =ulol A EshA ElE B-lactamAl AN
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1. Isolation of clinical isolates
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Table 1. Specimens of ESBL producing clinical isolates

Specimen Isolated bacteria Total number
E.coli  Klebsiellaspp.  of isolates

Sputum 2 21 23
Urine 11 12 23
Suction tip 1 2 3
Sore 1 1 2
Drain 1 0 1
Wound 1 0 1
Arrow tip catheter 0 2 2
Bronchial washing 0 1 1
Pus 0 1 1

Total 17 40 57
R Atk 2775 At 717
oA e AAREF T E colist Klebsiella spp. 7}
71779} 058 Aol g shage el

Q) W3t VITEK (bioMérieux, Marcy L'Etoile, France)
GNI cardol] F{Fate] Mlte] Aglels w44 Alalsigic.
T A A AAE e EFEFFEE E coli ATCC

259229} K. pneumoniae ATCC 7006035 2185431t}

2. Susceptibility test

1) MIC test
A N 7D Tekatr) A A A
& VITEK 1 system®l] & #4:9}A5 % (minimal inhi-
bitory concentration; MIC)E ©] €35} t} A&l o 5=
dEdFE MacConkey agaroll A 37T, 18417k )3t
et YEol= o] Wad 045% A

%
AT

8 mlo]] F--8PHA VITEK colormeterol|l 4] #& B r =
5 o}
=

ne

ra

O =

McFarland standard®l] 2HE3 wWElb7)® 2~3% %
R thE o] Bf-als F &t VITEK GNS cardol] 3
Z5te] VITEK 1 system®] @73l z2Zbol| wha} MIC
S5k MICo] A4S 918 amikacin, ampicillin,

ampicillin/sutbactam, aztreonam, cefazolin, cefepime, cefoxitin,

El

i

il

ceftriaxone, ciprofloxacin, gentamicin, imipenem, piperacillin/
tazobactam, tobramycin, “7#] 3. trimethoprin/sulfamethoxazole
o] AHgH Tk

2) Double disk synergy (DDS) test

MIC test& 3 A@F5 ESBL A4 952 2913}
7] $18F] NCCLS (National Committe for Clinical Laboratoty

Standard)ol| X1 ¢7g3k= #Hel wabA DDS testE A A
it At Frds 3 ¥ %5 0.5 McFarland
barium sulfate turbidity standard®] %531 Muller-Hinton
agar W|Alofl 31 ZEEIQIC) o] A Fobell amoxicillin/
clavulanic acid (20/10 pg, Beckton Dickinson, U.S.A.) disk
g 53 1 TR 1.8 em THALE cefotaxime (30 pg),
ceftazidime (30 pg), ceftriaxone (30 pg), aztreonam (30 pg) disk
£ ZolFol 37T 184 ujeFeh Sofl At ¥
S daste] dsadt (synergismys B4 3T

3) Detection of ESBL (Extended Spectrum p-—
lactamase} activity by VITEK system

Double Disc Synergy (DDS) testE €35} &<91% ESBL
activityE Az-3} 4717|191 VITEK systemS E5Fo] 7

Fahie.
3. DNAS| =& & FH|

Al49] genomic DNAE 7] 91314 Al<fS brain heart
infusion (Difco, Detroit, MI, U.S.A.) broth 4 mlell & &}
71 AR 37°ColA 24A17F vkl vkl &
Eppendorf tube®l] 1.5 ml¥ £5-8}aL 12,000 rpm .2 105
7 DAEAZ 5 2 H pelletS DNA isolation kit (QIAamp”
DNA Mini Kit, QITAGEN Inc., Chatsworth, CA, US.A)E A}
|3+ genomic DNAE 5%, A8t AA 5 DNA

o) S AwolA FREE Ssto] Ankarint,
4. PCR amplification of p—lactamase genes

1) Design of p—lactamase specific primers

VITEK 1 system= &3to Z<l%l ESBLS Al
o] P &els 913te] 77t Biactamaseo] o g
oligonucleotideE 13} tF NCBI (National Center for
Biotechnology Information) web site (http:/www.ncbi.nlm.nih,
gov/yE &34 Blactamase®] FFH sequenceS 3t
itk 3% Z4Zbe] B-lactamase sequenced] Th8Fe] muiti-
ple sequence alignment® A Y3}3iv} o] ZIE vigo g
Primer 3 programs- ©|-8-5l] TEM, SHV, 1|3 CTX-M
type2| PCR primerE 3¢H8l FE A2 Bioneer Co.,
Taejun, Korea)shod - Ago] AL83}3it)

2) Polymerase chain reaction (PCR) of p—lactamase
genes

THELAH ROl AR-EE TEM, SHY, 18] 1L CTX-M
type®] primerE-S Table 60 LFERE Qlvh FE 44
HE-$-2 template DNA 2 plofl dATP, dGTP, dTTP, dCTPS 2t
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Table 2. Antimicrobial resistance for ESBL producing 57 clinical
isolates of E. coli and Klebsiella spp. by VITEK 1

Number of Strain

Antibiotics

S I R
Amikacin 28 9 10
Ampicillin 0 0 57
Ampicillin/Sulbactam 2 11 44
Aztreonam 16 3 38
Cefazoline 0 3 54
Cefepime 35 9 13
Cefoxitin 39 1 17
Cefiriaxone 12 16 29
Ciprofloxacin 34 1 21
Gentamicin 24 1 31
Imipenem 57 0 0
Piperracillin/Tazobactam 23 6 28
Tobramycin 9 3 45
gl?ﬁ?ﬁﬁﬁ?}?;zole 22 0 35

* Abbreviation. R; Resistant, I; intermediate, S; Susceptible

7} 25 mMo] H%=F 3 dNTPsE HE 5571 200
umo] FE= @9l 1 3 10X buffer (10 mM Tris-HCI,
400 mM KCl, 1.5 mM MgCl,) 2 pl, Tag DNA polymerase 0.5
US F71skar 212t primer set 20 pmol/ulE HE wHe- 5
27F 2 pmole] HEE Y& & Ad THFZE T vhs
sHE 9ol 20 p7t E=2 ko] thermal cycler (GeneAmp®™
PCR System 2700, Perkin-Elmer Cetus, Boston, MA, U.S.A))
& AHg-sto] DNAS 53-8 Al=siqlch

TEM % SHV type®] #1&& $13% PCR WHg2 F 25
cycles Al&3F oM, A cycleo] A|Fal7] el 94C
oA 583 7F23 T v cycle B 94Tl A 18 F¢F
denaturation, 57 Coll 4] 133} annealing (CTX-M type<] 73
5 58T), 72T A 1% &< extension B3-S A 33}
o} 23ar A3 extensions A8 72CoAA 1087 A
& sk vkgo]l 88 T 05 pgml9) ethidium
bromideE 73} 1.5% agarose geloll 719538107 ultra-
violet trans-illuminator (Vilber Louramat, Mame La Valle,
France)®. Z}Z+e] F& AEE-S v 32519

5. DNA fingerprinting analysis by ERIC PCR

ERIC (Enterobacterial Repetitive Intergenic Consensus
sequence) PCROI| A}8-8 primer= Lee (Lee et al., 1993) 5

o] AR&3+ A3} & ERIC IR (5- ATG TAA GCT CCT
GGG GAT TCA C -3)#} ERIC 2 (5- AAG TAA GTG ACT

GGG GTG AGC G- 3) 7 79 AVMEE 7% A%
(Bioneer Co., Taejun, Korea)dto] £ 219l A8} Th

PCR %32 template DNA 2 ploll dATP, dGTP, dTTP,
dCTPE 77t 2.5 mMo] HEF 3 dNTPsE HF
FE7F 200 pmo] HEF Pt 1 F 10X buffer (10
mM Tris-HCI, 400 mM KCl, 1.5 mM MgCl,) 2 pl, 7ag DNA
polymerase 0.5 U< % 7}slaL ERIC 1R¥} ERIC 2 primer
20 pmolplS #HEF kS F=U) 2 pmol©] HEE W &
U SHFE FF B85 do] 20 Wt HEE 3o
thermal cycler (GeneAmp® PCR System 2700, Perkin-Elmer
Cetus, Boston, MA, U.S.A)E Al&3le DNAE 533}
At

PCR HF22 & 35 cycle2 A3, A cycleo] Al
2sl7] Aol 94Tl A 52 72 F v cycle & 94T
oA 18 &<t denaturation, 52°CollA] 1387} annealing,
72°CAA 13 E<F extension ¥ Al3sisivt 28|31
LA 3 extension2 3 72T Al 1087+ A& w|gs)
Atk Whgol F8H 3 05 pgmlY ethidium bromideE:
H718F 1.5% agarose geloll 217|945} ultraviolet trans-
illuminator (Vilber Louramat, Mame La Valle, France)2 27}
o] TF AEES v #FET. BT DNA bandE
2 ID advanced program (Advanced American Biotechnology,
Fullerton, CA, US.A)S AM83ke] §2218 e #4
3F9om™ UPGMA programe ©]-83510] dendrograms =
csasd

| 2t
1. Isolation of clinical isolates

THAENA FHE 4R dFE 1A
VITEK systemo| A 28l Woz A}
I B5 E coli (17599} Klebsiella spp. (K. preumoniae 37
T, K. oxytoca 372 = ATk

o
>,
o
(oL
i)

2. Susceptibility test and detection of ESBL activity

MIC Z74S $13] VITEK 15 AM&-3 27+ Table 334
AT VITEK 15 AREJF Zh2te] Aol tigk MICS
AHEH, RE AAAFEC] ampicillinel] ol WS
PR o™, imipenemol] #43-& YERAATLE YA &
Al gk W8-S amikacin 12%, ampicillin/sulbactam
77%, aztreonam 66%, cefazolin 95%, cefepime 23%, cefoxitin
30%, cefiriaxone 51%, ciprofloxacin 54%, gentamicin 56%,
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piperacillin/tazobactam 47%, tobramycin 80%, trimethoprin/
sulfamethoxazole 63%°] 31t}

ESBL #/d5& S543k7] 1aiA NCCLsel|lA B3}
= <] DDSTS VITEK GNS card 23} A4 ¢
sto] FAEH T ZE penicillinAl, cephalosporinA| 18]
3L aztreonam©l] W3S YERoltt ko s st
VITEK 1942} ESBL A4%5 1% A3} E coli 15° (strain
No. 21)%} Klebsiella spp. 1357 (strain No. 7, 11, 12, 14, 23, 42,

45, 50, 57, 65, 70, 72, 73)8] AEE T 54 2
E Ho| VITEK 29014 ESBL A5 dist 7AALE thA]
AAE A3l 25 kAol AE JERAIT (Table 3).

3. PCR amplification of B—lactamase genes

ESBLY] tiEael &3l TEM, SHY, &)1l CTX-M
219+l PCR primer (Table 5)% 3

Q)+ reference strains THAC. 2 PCRS

Table 3. MIC results of 14 ESBL negative clinical isolates in VITEK 1 by using VITEK 2

Strain No.

Antibiotics

7 11 12 4 21 23 42 45 50 57 65 70 T2 73
Amikacin >64R  >64R  >64R  >64R  >64R  >64R  4S 320  >64R 165 168 >64R  >64R  >64R
ég‘ikj;‘fc wid | C32RO3ROS32R 3R O>32R >R O>32R - >32R - >32RO>32R >R >32R >R >3R
Ampicillin >32R >32R  >32R  >32R  >32R  >32R  >32R >32R >32R >32R >32R >32R >32R  >32R
Cefalothin >64R  >64R  >64R  >64R  >64R  >64R  >64R  >64R  >64R  >64R  >64R  >64R  >64R  >64R
Cefotaxime 88  >64R 88  >64R  >64R >64R  >64R 85  >64R  >64R  >64R  >64R  >64R  >64R
Cefoxitin >64R  >64R  >64R  >64R  >64R  >64R  >64R S64R  >64R  S64R  >32R  S64R  >64R  >64R
Ceftazidime >64R 161  >64R  >64R 161 >64R  32R  >64R >64R  4S  4S  >64R  >64R  >64R
Ciprofloxacin 21 1S 21 21 4R 1S 21 21 IS >R >4R  >4R  >4R  >4R
Gentamicin >16R  >16R >16R >I16R >16R >16R >16R >16R >16R 4S 48 >I6R >16R >I6R
Imipenem <058 <058 <058 <058 <058 <058 <058 <058 <058 <058 <058 <058 <058 <0.58
Nalidixic acid 16S 165 168 165 >32R 168 165 165 165 >32R >32R >32R >32R >32R
Netilmicin >30R >32R  >32R  >32R  >32R  >32R 165 >32R >32R  >32R  >32R  >32R  >32R  >32R
Nitrofurantoin 328 328 641 641 256R 641 641 328 64  >SI2R >512R >512R >512R >512R
Norfloxacin 328 28 28 28 >I6R 28 28 28 28 >16R >16R >16R >16R >I6R
Ofloxacin 41 41 41 4 >8R 4l 41 4 4 >8R >8R >8R >8R >8R
?gi‘g;lclt‘;‘; 641  8S 641 165  8S >128R 165 641 >128R 641 641 88  >128R >128R
Ticacillin >128R >128R >I28R >I128R >I28R >128R >I28R >I28R >I28R >128R >I28R >I28R >I28R >128R
g‘l‘;‘iu“ﬂgcadd >128R >128R >128R >128R >i{28 >128R >128R >I28R >I28R >128R >I28R >I28R >128R >128R
Tobramycin >I6R >16R >I6R >16R >16R >16R >I6R >16R >I16R >16R >I6R >I6R >I16R >16R
gﬂgﬂ;‘ﬁhﬂ;’;&ok >320R >320R >320R >320R >320R >320R >320R >320R >320R >320R >320R >320R >320R >320R
Cefaclor R R R R R R R R R R R R R R
ESBL + + + + + + + + + + + + + +

* Abbreviation. R; Resistant, I; intermediate, S; Susceptible

Table 4. Nucleotide sequences of oligonucleotides used for amplification in this study

Primer name Sequence (5'to 3") Tm (C) Expected size(bp) of PCR product
BL TEM-F AACGCTGGTGAAAGTAAAAG 57 576

BL TEM-R AGTGGTCCTGCAACTTTATC

BL SHV-F CATTACCATGAGCGATAACA 57 414

BL SHV-R CGCAGATAAATCACCACAAT

BL CTX-M-F CGCTGTTGTTAGGAAGTGTG 58 73

BL CTX-M-R GCTTTCTGCCTTAGGTTGAG
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AlBsgitt. 1 A3 TEME S AE3817] 913 BLTEM-F,
BLTEM-R primerZ A8 PCRoIA <4819 576 bpe
AHEol HEEeH, SHVES A&7 913 BLSHV-
F, BLSHV-R primerE A}-8-3F PCRONA o Aaliel A3}
2ol 414 bpo] k2ol AEFHAL CTX-MI S 3%
BLCTX-M-F, BLCTX-M-R primerZ A}R&3} PCRIA = ¢

Table 5. ESBL phenotyping by polymerase chain reaction (PCR)

ESBL phenotype Number of ESBL Total number
by PCR E. coli  Klebsiellaspp.  ©of isolates
TEM 10 2 12
SHV 0 8 8
CTX-M 1 0
TEM + SHV 0 24 24
TEM + CTX-M 4 0 4
SHV + CTX-M 0 2 2
CTX-M 0 4 4
None detected 2 0 2
Total 17 40 57

Table 6. Resistance patterns of ESBL producing clinical isolates

{)saoclfetfig Group Sln(l%a)nty Antimicrobial resistantce
El 934 AM, AMS, CZ, CIP, GM, NN
E2 914 AM,CZ,CIP
E. coli AM, AZM, FEP, CTR, CIP,
E3 88.0 GM. SXT
E4 839 AM,CZ
AN, AM, AMS, AZM, CZ,
KLL 924 Fox, CTR, CIP
KL2 962  AM, AMS, AZM, CZ, CIP
KL3 89.8 AM,CZ
KL4 98.1 AM,AMS, CTR
AM, AZM, CZ, CTR, CIP, GM,
KLS 941 77p NN, SXT

Klebsiella KL6 95.5 AM, AMS, CZ, TZP

Spp. AM, AMS, AZM, CZ, FOX,
KL7 865 G\ aXp
AM, AMS, CZ, FOX, CTR,
KL8 941 M Tzp NN, SXT
KL9 955 AM,AMS,CZ
KLIO 945 AM, AMS
KLII 920 AM,AZM, NN

KL12 76.8 AM
Abbreviation. AN: amikacin, AM: ampicillin, AMS: ampcillin/
sulbactam, AZM: aztreonam, CZ: cefazoline, FEP: cefepime, FOX:
cefoxitin, CIP: ciprofloxacin, GM: gentamicin, IMI: imipenem,
TZP: piperacillin/tazobactam, NN: tobramycin, SXT: trimethoprin/
sulfamethoxazole

Al o33 o] 773 bpe] AbEe] AEEHAT (Fig. 1). ©]
AFRE nfgow MEEoA Bag 94 AAQ E coli
1770 ZAAS} Kiebsiella spp. 40718 AAE oz
PCR amplificationS Al &+ A7} TFEoll 49t vpzrt
Az 2¥zke] PCR AHEe] HEH A

4. Classfication of ESBL phenotype by PCR

PCRE E3&to] 2579 ESBL Xd8S EFst] 21
TEM + SHV + CTX-M&, TEM + SHVE, TEM + CTX-M3,
SHV + CTX-M3, TEM3, SHVE, CTX-M3, 2183 non
TEM + SHV + CTX-M3 5 % 87} = Table 6°l 419} 2+
o] ¥-F7t 7Fesisith Z42e] REFE S A¥RY TEM
+ SHV + CTX-MEL& E coli H-&)dFolx AEHA &
YR, Klebsiella spp.2] 4504 7HE0] =AUk TEM +
SHVY HA| E. coli w-BdFollx HEo] HA| eFshomn,

Klebsiella spp.9] 24504 &= ATh TEM + CTX-M%

Fig. 1. PCR amplification of ESBL producing reference strains.
Lane M, 100 bp DNA ladder marker; lane 1~3, TEM-52, TEM-66,
TEM-73 (TEM type: 576 bp); lane 4~7, SHV-2a, SHV-2a, SHV-
12, SHV-18 (K. preumoniae ATCC 700603; SHV type: 414 bp);
lane 8, CTX-M type (773 bp).

M1 234567 891011121314151617

Fig. 2. ERIC PCR for ESBL producing E. coli isolates using
primer combination of ERIC-1R and ERIC 2 primer. Lane M, 100
bp DNA ladder marker; lane 1, strain No. 3; lane 2, strain No. 4;
lane 3, strain No. 5; lane 4, strain No. 6; lane5, strain No. 8; lane
6, strain No. 13; lane 7, strain No. 16; lane 8, strain No. 22; lane 9,
strain No. 47; lane 10, strain No. 52; lane 11, strain No. 56; lane 12,
strain No. 58; lane 13, strain No. 59; lane 14, strain No. 60; lane
15, strain No. 68; lane 16, strain No. 79; lane 17, strain No. 21.
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M1 234686678 910M1M121314151617 18 M

1,000 bp

500 bp

M19 202122 23242526 27 M 28 2930 313233343536 M 37 3839 40 M

1,000 bp

S00bp |

Fig. 3. ERIC PCR for ESBL producing Klebsiella isolates using primer combination of ERIC-1R and ERIC 2 primer. Lane M, 100 bp
DNA ladder marker; lane 1, strain No. 1; lane 2, strain No. 2; lane 3, strain No. 9; lane 4, strain No. 10; lane 5, strain No. 15; lane 6, strain
No. 17; lane 7, strain No. 24 lane 8, strain No. 25; lane 9, strain No. 27; lane 10, strain No. 30; lane 11, strain No. 31; lane 12, strain No.
34; lane 13, strain No. 39; lane 14, strain No. 43; lane 15, strain No. 44; lane 16, strain No. 46; lane 17, strain No. 51; lane 18, strain No.
53; lane 19, strain No. 54; lane 20, strain No. 61; lane 21, strain No. 63; lane 22, strain No. 67; lane 23, strain No. 74; lane 24, strain No.
75; lane 25, strain No. 76; lane 26, strain No. 77; lane 27, strain No. 78; lane 28, strain No. 7; lane 29, strain No. 11; lane 30, strain No. 12;
lane 31, strain No. 14; lane 32, strain No. 23; lane 33, strain No. 42; lane 34, strain No. 45; lane 35, strain No. 50; lane 36, strain No. 57;
lane 37, strain No. 65; lane 38, strain No. 70; lane 39, strain No. 72; lane 40, strain No. 73.

= E coli®] 4FOMNY AEH oM, SHY + CTXME S 2H7be) the §412F 28-S Jeh)glth (Fig 2 and 3),
Klebsiella spp.©] 25 A vF HEo] Yt TEME L E

- 6. Analysis of Genetic relatedness of ESBL isolates
coli®] 105¢} Klebsiella spp.2] 257914 AEE ) SHY

@2l B9 Klebsiella spp.olx] 850l At ¥-2]5] 9] on ERIC PCRE A3 AHE nfgoz 2427 75719
CIX-MBL E. coli®] 150147 AEHATE Non TEM +  §24 $ABAS dolrr] 945ko] #28 DNA band
SHV + CTX-M3-2 E. coli®] 25| A1 A&E ) =+ ID advanced program (Advanced American Biotechno-

logy, Fullerton, CA, US.A)S AFE3lo] 2218 Akhe
E48H3 2 UPGMA program e ©]-8-3}9] dendrogram<

ESBLE A48z 1759 E. coli isolatesS} 40522] Kle- 2Tt E. colie %22 dendrogramS 2 3}o]
bsiella spp. isolatesS TS = ERIC-1R¥} ERIC-2 primer FFEEF Ao A fAA S vlaslE As) 3
£ Aol A}8-8F¢] ERIC (Enterobacterial Repetitive Inter- Al 4718 groups B3 (Fig. 4), Klebsiella spp.Z T
genic Consensus sequence) PCR& A|85te] A7l =et A dog PEET Azte] FARE FAMIS s
2 712F 100 bpoll A 2 kb Alelel A 107 olue] fxAt AR A 12719 groupS AT} (Fig. 5).
e vehiilon], Bl o HAZ A9stu

5. DNA fingerprinting analysis by ERIC PCR
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test, three-dimensional test, E-test ESBL strip, VITEK ESBL
test 52 WHEC] AHS-E A At} (Bradford, 2001). B 4
TF-oll 43 double disk synergy testS E3}e] 12} o= &
¢15 ESBL activitys *Hs-£217]171Q1 VITEK 1, 2 system
< Eato] 2181t} VITEK 1914 ¥ 575 % E. coli 1
& (strain No. 21)9} Klebsiella spp. 135 (strain No. 7, 11, 12,
14, 23, 42, 45, 50, 57, 65, 70, 72, 73)2] AAE-8] ol A
24 272 YehUY (Table 3). ©1& ESBL S84+
9 FAA WA HE-e A R, ampicillin, ampicillin/
sulbactam, cefazolin, cefoxitinoll 100%<] WA & H)
O™, aztreonam, cefiriaxone, piperacillintazobactam, tobra-
mycin £ F& Wz WA HEs 2o olE &4
T55 Yo ® VITEK 29014 ESBL A-4d5l e 3
A2 ThA] AAF A} VITEK 19149 A8A WA o
B v 2 22 RIS UER ST, VITEK 2
oA F7HH o2 ZHAME cefalothin, ticacillin, ticacillin/
clavulanic acidell €7 WS H AL, cefotaxime, netilmicin
JME & WAdES YERIWA] ESBL AAs HA
A el A VERAAT (Table 2). 253k AL
71719l 2]3F ESBL HA& &S NCCLS ZEWE4 Hl
o

A cefoxitin®l] WAS FF2 AYshd Lxgo] u$-

Z9kon o] Aot cefepimeS ©]-&3 o]F TlAI
shabgoz Blstd oiFEe] ESBLE HE® F A
T Badgrh B Ao % VITEK systemS A3}
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Fig. 5. Dendrogram of the similarity index among isolates of Klebsiella spp. by ERIC-PCR analysis.

ESBL®| activityS R181% A3} VITEK 1914 cefoxitin
o] WAL Kol 50| VITEK ESBL testol] Al &4
A4S YEITE ey, VITEK 204 25
YER AT} (Table 3).

= ArAE FEdetlA dlEdoR HEHE p-
lactamase type$] TEM, SHV, CTX-M typeS- -A}AJE3}14]
Q! Il PCRE B38fo] skl B ool A
AEA 3ekE 7} typed PCR primerE AM8-3}¢] ESBL

=

- 1 :ﬂ_‘
o
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O (o]
A R

LU
T

-5+t ESBL activity7} 8H1%

©o
=

Ay
PCR& F3te] 7% ESBL X383
Zo] TEM + SHV + CTX-M, TEM + SHV,
TEM + CTX-M, SHV + CTX-M, TEM, SHV, CTX-M, 12|

31 non TEM + SHV + CTX-M3} 7o) & g7ix|= 87}

715 83T

17059 E. coli 5 1475 (82%)°1 Al TEM geneo] &
¥ Ao Hol ESBLE A E colidlM T T2
TEM type®| B-lactamase”} @] T30 IStk T3 5
T (29%)°14 CTX-M geneo] E1E210m SHV type
2 AZYA| ST} Klebsiella spp. & & 4075 & 30
T (K. pneumoniae 275, K. oxytoca 377 (75%)°l| 4] TEM
gene®|, 387 (95%)°ll Al SHV geneo] &<lEgion 7
5 (20%)014] CTX-M geneo] &=t 212b2] type
HE FEEANS dAAC et HAAAFEE A
2H 3 WA, TEM typell A= E. colidll A amikacin@}
piperacillintazobactamel] W3l 7Hr/3-& e O™ Kle-
bsiella spp.?| ¥|5= aztreonam, cefazolin, tobramycin®l| 4] 80%
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olde]l &S Hth F WHAR SHV typeolA
Klebsiella spp. Oﬂ/ﬂ cefazolin, tobramycin®ll A T 80% ©]4+2]
YAES Bl v oo 2 CTX-M typedll A= E coli
o] Amikacin¥} piperacillin/tazobactam®ll 7+=4-S e}

S, Klebsiella spp.Sll ¥ ampicillin/sulbactam, cefazolin,
ceftriaxone, tobramycin®l| 4 A WA Ve

ESBLS A3t E. coli®} Kiebsiella spp. 5 1’42.53
A T FREA A ZAB/AE FelEy)
A & Aol A= ERIC PCRE 2333t} Geno-
ated oA 7P A=A e E
I4E =g AE AFH2 DNA sequencing®] ] 2
o] W2 A Hort QA H|F] ago] ©
o] Aol el Agell= B oJEgol nE
o}, $HH, genomic DNA fingerprinting -2 97144
BAHoE 48 F e 2 459 A =45t
= VARE G313 Apol= EE ¢ Y= FHAVHoR
o] Holun] Ay AL HAHe] FSHelA
T B2 AHE 23 glvks Rart It (Olive and
Bean, 1999).
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