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A total of 122 ESBL-producing intestinal bacteria were collected from regional hospitals in the Chungcheong area.
Combination disk test (CDT) was performed for antimaicrobial susceptability using cefotaxime and cefotaxime/
clavulanate according to Clinical Laboratory Standard Institute (CLSI). Mutiplex PCR using specific primers was
performed for a detection of ESBL-genotypes and enterobacterial repetitive intergenic consensus (ERIC)-PCR was
carried out for the tracking of molecular epidemiology. In the confirmation test using CDT, 73 out of 76 (96.1%)
ESBL-producing Escherichia coli and 43 out of 46 (93.4%) ESBL-producing Klebsiella pnemoniae were positive. In
the multiplex PCR, 60.5% of E. coil were positive for CTX-M-2 type gene and 56.5% of K. pneumoniae were
positive for VEB -1 type gene. In the ERIC-PCR, E. coil isolates formed 5 clusters and K. prneumoniae isolates were
grouped into 4 clusters depending on region. Genotypes of clinical isolates are useful for detection and
differentiation of ESBL producing intestinal bacteria. The ERIC-PCR method is thought to be helpful for establishing
a regional surveillance system for infection due to its formation of different clusters depending on region.
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B-Lactam Tt Al= AHF X2 Bol AMEEE FAA 0]
U 22 o]2fgt eFAlE o] dAtellA ol AREERA o]59] H&
U AAR L 2 RS F7EAR YT ik A
o] B-lactam Aol that Y A3& BSahs 7 4L p-lactamase
AJA, penicillin-binding protein®] ¥4, B-lactam FH+A| 2] Al E=}t
Saby A3t AZ SO FRA £ 5 TS, iZe
&3] B-lactamase A/ ol &J5te] B-lactam Ao et W3S

S =31t Edelstein et al., 2003). Extended-spectrum-B-lactamase
(ESBL)= & ZiAltoll 4] A/d=l=Hll(Jacoby, 1991), S/3%197t
ull-$- ¥lo] carbapenem} cephamycing A |t B-lactam A

2SRttt wekA ESBL AT+ penicillini}
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AIBAIH cephalosporin, monobactam 5 B-lactam7] A THE
of] YA R o|H aminoglycoside, trimethoprim sulfamethoxasole
S A8 Al WS Hol= 397} Wot X8 Al Adst
717} ot} &3] A #FS0l4 ESBL f-4*k= plasmide]|
ofs) T} FEo2 M 4 9| uheo] oS that Aldsa
Asket HAF S35 cH(Hong ef al., 2001; Lee et al., 2001;
Park et al., 2003). ESBLo||= o8] 7}&] §A o] Qo 713 &
3 A2 2 TEMI} SHVE0] §J. 2 2001d7}X] TEM B-lactamase
o] = 907}A] oA}, SHVEL 25714] o]Ato] X 1%t Bradford,
2001). Y2l A= 19964 E. coli®} K. pneumoniae Fo|| A
TEMT} SHV# ESBL A4 3#0] 115 v} 9Jth(Lee et al., 1996).
A 27H4] 987 ESBL S ARL 1500 £ o]AFo & TEM,
SHV, CTX-M, PER, VEB = o]¢jol| = o7 7}7] QAF o] gt
&% 3lth(Bradford, 2001). X]E7}X] ESBL A4/ FWAl+<2] 3



Table 1. Oligonucleotides used as primers for amplification of ESBL genes

Taget gene  Primers Nucleotide sequence (5' to 3")
TEM F ATGAGTATTCAACATTTCCGT
blares rpvRr TTACCAATGCTTAATCAGTGA
SHV F CCGGGTTATTCTTATTTGTCGCT
blasny gy TAGCGTTGCCAGTGCTCG
. CTX-M IF GGACGTACAGCAAAAACTTGC
ACTXML T M IR CGGTTCGCTTTCACTTTTCTT
blacnes, CTXM2F CGGTGCTTAAACAGAGCGAG
CTX-M 2R CCATGAATAAGCAGCTGATTGCCC
blacrsys CIXMSE ACGCTCAACACCGCGATC
CTX-M 8R CGTGGGTTCTCGGGGATAA
. CTX-M 9F GATTGACCGTATTGGGAGTTT
ACTXMS oy M 9R CGGCTGGGTAAAATAGGTCA
PER-1 F GTTAATTTGGGCTTAGGGCAG
blaver1 pep 1R CAGCGCAATCCCCACTGT
VEBF ACCAGATAGGAGTACAGACATATGA
blavee-1 ypp g TTCATCACCGCGATAAAGCAC
. GES/IBC F GTTAGACGGGCGTACAAAGATAAT
4GES1 - GES/IBC R TGTCCGTGCTCAGGATGAGT
plas,  TEAF CGCGAAAATTCTGAAATGAC
TLAR AGGAAATTGTACCGAGACCCT

o= BE8FH S o835t HEst= o] 92 ANH
o] £S1H(Monica et al., 2004), FAF A W2 HEol Al7te]
wol 2 =m HFFo] AR grow FES daE 4717t
o]8& hdo] 9it}. ®3l, ESBL 33t A o sk A 94
21¢] et 542 MY AN A FAIe J3hy A+
o Z93}t} Multiplex PCRS ©|-&3t ESBL WA-g-2#}e] 4
E2 ol 788 Ao g IA Utk BRG] 2ESHE
i o 2 Pulsed-field gel electrophoresis (PFGE) &-4F 0] 3]
O} o] WHHE sy o] 7[e o2 ofERo] §lom, A7k
27} @1, B4 A4HlE B4R st PCRE 7|22 Sl o
E typing WHEZE randomly amplified polymorphic DNA
(RAPD) 43} repetitive-element PCR (REP-PCR) H'H 50|
it REP-PCR " 9] ¢392l ERIC-PCRE FHA} typing©|
golst &3 AL HEo] 7Hsditt. ESBL A4 AiAl«t
9] typingol| $lo], ZH/do] Holuhw @ go] 43t HEE
ggjsteopgt ttk(Silva et al., 2001). ESBLL Uttt 25
7h thFetA BaEx glom B3 T kY] Ao YoM &
29 F57, A8 714G T2 HHolY Ex7F 27| o
Fof @2 A7} =38 E] 3 Qltt(Jarlier et al., 1988; Pai, 1998;
Steward et al., 2001). Z18ju L2 vet (X o= 2 A+
H A&7} glof olof 2 AtolMe SHAGY FEE oA
£l AU 5 ESBL BT 2 R = o9 <A &
4298 2A8HAL, multiplex PCRS 4=3)3le] 9418 o] 27E
%1915}, ERIC-PCR S o]-§5}0] Ralelshz a1 AA|akeie

Mz 2 2

_$_ _J'\_XI ol AlS =
= H X 2o =T
201349 64 195E 2013 12¢ 309714 SHAH(FH,

3779 ESBL A702) 09 2 8448} 115

A4, S5 S At A st} n| A E HAMOA 3
AE -5, YAAAZ FE MicroScan WalkAway 96 SI
(SIEMENS, Germany) #H]o]| 2] ESBL JA o8 A==
122752 Belstth, AR 5ol BERELE L col
ATCC 259222 o] g-3}5ic}.

Mz &8 % 2n Zded ZAl

FAAE MacConkey HiA] o]l FE3te] 35C g27]0A 312
9wkt &, MicroScan Neg Breakpoint Combo Panel Type
44 (NBC44) 7t=E o|-&sto] Altsd HAME +tA| A=A
AARE AAlskAT

Clinical and Laboratory Standards Institute (CLSI, 2011) T]2
= o ofste] ESBL A4 SRIAEE A48+, Mueller-
Hinton 34 vj*]o] McFarland 0.5 E=9] FoS HIE &
cefotaxime™} cefotaxime/clavulanate T|ATE =31 35Co|A]
16-18 A7 vl & AN E S 5to] AAH7} cefotaximeo]| 9]
3 SRR} S mm o4} 2 29 ESBL A4 94 252 W
stk

Multiplex PCRZ 2|8t primer gHd A QXX S

B-lactamase 2] G-AF L HA5}7] 5k primer= Table 1
3} ZFro] AJ&kstedct. Primeri= ESBL -3 AE AE3H7] $1314
PCR A=) 9l o] 7kt 27| 2 ZF 1078-& 238to] ALg
Shgict theket ESBL R8RS S0l HE8] $18to] multiplex
PCRE 433} t} 9242 0.5 ul 100 pmol forward primer
2} 0.5 pl 100 pmol reverse primer, 5 pl 100 ng 5% DNA, 5 ul
2 mM dNTP, 2-3 pl 25 mM MgCl,, 5 pl 10X reaction buffer,
0.5 pl 2.5 unit Tag DNA polymerase, 30.5-31.5 ul DWE 7}3}
o 2EEy 50 pl7} == 3} PCR (Perkin-Elmer Centus
Corp., USA)S =33ttt ¥hg2 A 0 2= 95 Cof| A 587 uk
SAIZL F, 94 Cof|A] 18, 50Cof|A] 148, 72°Cof|A] 184 303]
ZE 9EAI7) 3, 72 C oA 5EZE A% wHSA T

Z}Z+2] PCR AFE-2 1.5% agarose gelof|A] 4087 A7 95
slgon 7|95 X ethidium bromide (50 pl/ml)o] 10&7t
FM3le] DWE A& & BioDoc-14™ Imaging system (UVP,
UK)9ll &4 PCR 5 AME9] {59 27|15 Bt AR &
Esi=g

ERIC-PCR

Enterobacterial repetitive intergenic consensus (ERIC) £-¢]
of] YAt FAHAE A} S 2 Sh= forward primer 5'-AGTTAA
GCTCCTGGGGATTCAC-3'%}, reverse primer 5-AAGTAAG
TGACTGGGGTGAGCG-3'& AR5t HFole 5 ul 10X
PCR buffer, 5 pl 200 uM dNTP, Z} 0.5 pl 200 nM oligonucleotide
primer, 5 pl 2.5 U] Tag polymerase 12|11 ZA|%E DNA 5 pl
100 ng & 351 DWE 7}sto] 2551 50 plo] 4o 2 5}
It} DNA thermal cycler (Perkin-Elmer Centus Corp.)E ©]-&
3t 94T oA 18, 42C oA 18, 65Co A 8EZHA, 35 cycle
g % 2FH o= 1027 AFRHS AlZ{t} ERIC-PCR ¥H3-2
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Table 2. Confirmation results of ESBL-producing E. coli and K.
pneumoniae by CDT

Table 3. Distribution of gene type of ESBL-producing E. coli and K.
pneumoniae

Strains CDT (%)
Positive Negative
E. coli (n=76) 73 (96.0%) 3 (4.0%)
K. pneumoniae (n=46) 43 (93.4%) 3 (7.6%)

CDT, combination disk test

23 25 Z72+9] band sizeS 100 bp ladder®} B] 2L 243519
o w, 4 band & =7)9] w2} A 2|5te] FAH A2 program?l
MVSP plus V2.02] UPGMA "2} simple matching coefficient
o] &8} ZF w5 7+ similarity matrixE G-4J 3}, plot program
< o]-§3t Z} Ml 719 dendrogram-g 2 3HEI Tt

N

ol

Fod| 2 A

A 53 A8 MicroScan Walkaway “g8]of|4] ESBL o
Z2 2AH E. coli 7675 Zo|| A 737-3(96.1%)7} cefotaxime
3} cefotaxime/clavulanate | 4] A0 2 YERG O 34-5= 24
© 2 YEet) K pneumoniae 4605 5 431d-5(93.4%) 7} %F
oz pehon], 3pFt 2402 HiE Atk Table 2)

0

Multiplex PCR

ESBLAA E coli #3290 AL, CTX-M2: 463%,
CTX-M-8-& 2043, PER-12 2843, 18|11 VEB-12 27H45F
oA FHo= HEHNUSH GES-13-2 27 A% Uehyt
t}. K. pneumoniae 73-5- CTX-M-1& 169+, CTX-M-2+= 74
Z, CTX-M-8& 243, PER-1& 9443, VEB-1& 2643,
GES-1& 223504 422 AEHATHTable 3). 2 A0
AR&-gt primer@} ESBL A3/ Al 5ol 4= TEMZ} SHV
2 A|2J5}3 CTX-M-29} VEB-10] 7H g 0] 9{ek.

ERIC—-PCR

ERIC-PCRE AA|5}o] RALstartg g A 34
9] ESBL AA E. coli #FEL 57119 clusterE FA3}%Th
YA FFEL cluster 33} cluster 55 FAsIFoH, 2
A Hoj|A] Ba|gt FFEL cluster 13} cluster 22, 18|31 2EX]
oA EeEgt #FE2 cluster 45 P43 THFig. 1). K
pneumoniaedF=2] 7% 4719 clusterS FAstE o A
A G| Baet FFEL cluster 13} cluster 3&, SR Fol
A BE)gt FFEL cluster 3L, 18] T B G Bajgt 7
FE2 cluster 22} cluster 45 A3 thFig. 2).

32

T ofy

et

il

Z|Lof| B-lactam Tt A WAl 2%t ZH e 717 Az
gt EA R ==L ook & A9 CDT AARlA] E. coli 763
Z9} K. pneumoniae 4645 & Z}Z; 3d5F= 2402 e
OUK(Table 2), ESBL 7% £4 23} CDT £43% %

Number of ESBL
Gene type - - Total number of
of ESBL E. coli K. pneumoniae isolates
(n=76) (n=46)
TEM 76 46 122
SHV 25 40 65
CTX-M-1 11 16 27
CTX-M-2 46 7 53
CTX-M-8 20 2 22
CTX-M-9 13 11 24
PER-1 28 9 37
VEB-1 27 26 53
TLA 8 12 20
GES-1 2 22 24

ez ettt blaremol| A 212 100% o2 AEEH AT
(Table 3). CDTO]| &gt g<+A| T4 FHEY FUA=
ESBLE A/dst= 759 Z-¢ @A/ AmpC B-lactamase 2]
Aggol whebA CDT 27t ZA =7 il Aoz g A gL
THRuppe et al., 2006). A AmpC B-lactamase 2] 3T
o] Yo clavulanateo] 2]g ESBL &4 oA &3l7} W& & o]
CDT SAAIE Ho|X|qk Hit) 2 AmpC B-lactamase YA O]
Wod CDT SA4ATE BRIt} 31937 CDT 3422 vephd
2.2 AmpC p-lactamase 343%o] 8] ThE<] 210 2 Bk,
ESBLAYA iAol digt dolA4 Shin 5(2002) E.
coli®] 9%7}, Lee S(2004)& E. coli®) 10.4%7} ESBL A3+
¢l Ao 2 ®HEtF T Park $5(2003)2 2003 H g Ao
Al E. coli®] 10%°| 4] ESBL A/d+to] HEE& Bustqrt &
Wl B E12(2013)0] ©EW 20119 ESBLAIA E. colis
27%, K. pneumoniae®] 7% 45% % Ru3tgch B A4y}
FAA G 8= = ARl 201219 H$- E. coli=31%2
Ueht F7kete A3 Uetileh ¥HH K preumoniae ] 73
$32% 2 ESBL AJdw9] vl&o| Robxl Ao & vyt
ESBL +43-& 243 A3} E. coli®] - 7695 5 4645
A blacrxm27t AEE0] 60.5% S A3t 0™ K. pneumoniae
o] AL 4675 F 263304 blaves.1°0] AEE 0] 56.5% S A
Sttt blaremt blasuys ALt 2 A-Ttof| AMg-E ESBL
12291 Z & 5375°(43.4%) 7} blactx-m2%} blaves1 B 22 L}
ElLK(Table 3) 7F¢ W2 F43 0|9t} 22|89 12295 F 122
TF(100%)7} blarem® w52, 657(53.2%)7} blasuvd 45
2 vefgtor} TEM SHVE Yl %% ESBLAA 279 o
Q57] A 971G B4 5wk AT A7 et
Poirel 5(1999)& E. colio]|4X] VEB-1 (Vietnamese extended-
spectrum PB-lactamase) -FAR}7F LHE W  cephalosporinsT}k
aztreonamo]| - o WS Hols 2L 2 HUsilE vt
E AFoME F 12295 F 43.4%A AEFH ] St
A AENEr 528 o 5 ATk blacixms E. coli®] 39
26.3%, K. pneumoniae2 735 4.3% o4 AE=2H, blages-1
2 E. coli®] 7% 2.6% X5t AEE 9V K. pneumoniae®] 73
£ 47.8% | A ZEE|o](Table 3), - F ] Exof §lof T+ A}
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Fig. 1. UPGMA cluster dendrogram of ESBL-producing E. coli
based on ERIC-PCR.
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2 A o] w2} 5719] clusterS 431921, K. pneumoniae= 4
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Fig. 2. UPGMA cluster dendrogram of ESBL-producing K. pneumoniae
based on ERIC-PCR.

3779 ESBL A702) 09 2 A5y 117

ESBL #52] #7498k Aol £-83 202 Az,

N o
=

SAA G oA ESBLAY WAl 122455 £t
Clinical and Laboratory Standards Institute (CLSI) Bl o] wha}
cefotaximed} cefotaxime/clavulanateES ©]-83F combination
disk test (CDT)of &5t A A4S ZASLL, o] f-4
A= A S Z multiplex PCRS A A5t 4482 HESIF L
™ enterobacterial repetitive intergenic consensus (ERIC)-PCR
o] Q&) B2} GERALS AA SRt ESBL A Escherichia
coli 76752} Klebsiella pneumoniae 46555 CDTZ &-21%tH
A1}, ESBL AA E. coli®] 3% 96.1%7} FA4S YeERfloH
K. pneumoniae®] 73% 93.4%7} FAHL e Multiplex
PCR A} E. coli®] A< CTX-M-280] 60.5% FJo= Lhet
wom K. pneumoniae? 735 VEB-1§9] 56.5%7} A S
UElstth ERIC-PCR-E AA§E B3} E colit= E2| 2| G| w}et
5709] cluster& FASIH L K. pneumoniae= 4719] cluster2
sttt ESBLAA FUAlIFS] 44382 dAdolA 2ad
#+59] 781} A&l 783k e ERIC-PCRY| A= &
A o] we} clusters P45k 2|9 7+ ZHd ZAIAA ol
Tol d ALE AmdE

ZAte) o

o] =52 201449 3hgdigtn sh&dT 2AH] X Yo 25|
gt olo] 24k =y,
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