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This study was designed to evaluate the prevalence of ESBL genes and monitor antimicrobial
resistance pattern in £scherichia coli, isolated from a hospital and a community. We tested 200 £.
colf strains isolated in the hospitals and community in Chungcheong area from January to March
2012. Antimicrobial susceptibilities were tested by using the disk diffusion method. A search for
ESBL genes was conducted by PCR amplification, and the genotypes were determined by direct
nucleotide sequence analysis of the amplified products. An Epidemiologic study was performed by
repetitive extragenic palindromic sequence-based PCR (REP-PCR). The percentage of ESBL-
producing isolates was 17% for hospital associated £. coliand 11% for community associated £.
coli. The ESBL gene sequencing results showed that the most common ESBL in £ coli was

CTX-M-14 (19/28), followed by CTX-M-15 (9/28). The REP-PCR study also showed the genetic
diversity, but there was no difference between the hospital and community associated £. coli. In
this study, the most common types of class A ESBLs identified were CTX-M in the hospital and the
community in Chungcheong area. ESBL-producing £. coliisolates showed diverse clonality.
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B-lactam A|G 2] dFAo 1L 2 extended-spectrum B-lactamases
(ESBL) 4378 W] S7HE A AEAE X 5dk=dl QlofAl 3t
A|o] MeHo] o] 2le- 7397 gobxitt. st ESBL A 5k=
%2 penicillin, @9 3 ¢ cephalosporin?} mono-
bactam 5] carbapenem= A| 213t B-lactam 7] Tt A -
o] WAdo] 2l aminoglycoside % trimethoprim-sulfamethoxasole
T e ALY FtAlelE SAUARD B97F B7] wioltt
(Hong -5, 2001; Lee -5, 2001; Yang, 2007).
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Received: January 29, 2013
Revised: February 7, 2013
Accepted: June 19, 2013

oL}, X EA A 0 2 CTX-MY BESBLE A oh= didto] A<
AFS]of Al ul9- 57} AL QJt}. Rodriguez-Baiio 5(2010)-2 ESBL
KA ddtoll o et @At o] 19%71 | A3l of A Sl Esto] W
Mgt Zlog Haskglom, A Ats] WA ESBLAYA e
fluoroquinolone 9! amioglycoside'5-& &3t of 2] FatAo] Y]
3 BRI SIQieh ol e S RT A O & s W

Sl ShAjol| Al A4 E A % ESBLS A= ol 11.8%S

RIS A 02 K A1E v} Ql=t] o]= ESBL A4 tiA=to] = 4]
AALSof| A = F7F8HAL Q)82 AlARCHKang 5, 2008).
weba] B APRES 2| GAFS] o A ESBLAYA tiate] A&
HI%= 5 ZARSIAL BSBLE] ARy H418 s gtol Hapof sl ol
S AJgste] o] A ate] WA didate] A EAS A e
. Tt 5 717kl -2 A of] $IA]$H U 7] 9] el of el
Qb ghrtol| A F-2]E ESBL A4 tiA+t2] ESBL 541452 &Alell
BABlo] A AL of| A BelH ESBL G4 1 642 EAS- 1)
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T}, =& Aol S A7 o dgtof Afst 52l A7et
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2. 025 =hHH0)| oot ESBL - ESRIAIY

Clinical and Laboratory Standards Institute (CLSI) tj A= &}
Aboll oot ESBL A4 SRIAE-E AlFsITHCLSI, 2010).
Mueller-Hinton $Pd8Z]  (BBL Microbiology —Systems,
Cockeysville, MD, USA)*]l McFarland 0.5 €% 2] w9 HF2 o
cefotaxime (BBL, 30 pg)¥} cefotaxime/clavulanic acid (CTC)
(BBL, 30/10 pg), ceftazidime (BBL, 30 ug)i} ceftazidime/
clavulanic acid (CZC) (BBL, 30/10 pg) A58 %11 35°Coll A
16~18AIZF e} & AN E Z7g3te] CTC Hi= CZCof| 2%t ¢
A7} cefotaximet ceftazidime®] 2|3t AN R} 5 mm o4
F 7% ESBL A4 ¢+t wdshaich

Table 1. Oligonucleotide primers for the detection of ESBL genes

Of

3.

0!

| 2= Al

55 MacConkey HiA]of] AlfafgFste] 35°C 3271
q SR At 9 CLSI 715eof] whet T A5 2H4BH O & 3htA]|
254 8-S 3FITHCLSL, 2010). A3 QA= ampicillin,
aztreonam, cefepime, cefotaxime 9! ceftazidime ©]t}. =3
2|5 oA Bx2at3=3l E coli ATCC 259229] 14442 FAl0]

A3

=
o

Sv

of
Hu

4, ESBL REXIQ| A& X /MY =0l

ESBL -4 A&517] 916l 71=2] AlZA|(Table 1)E AME-S

=9
t}. B4k w55 brain heart infusion broth (Difco, Cockeysville,
MD, USA)ell &5to] 37°CellA] SR gl gt o ujoFl o
FXE DNA purification kit (SolGent, Daejeon, Korea)& A&
Sto] FAA DNAS &5ttt DNA &9 (5 pl), 10x Tag
buffer (2.5 uL), 10 mM dNTP mix (0.5 uL), primer 2} 10 pmol,
0.7 U Tagq DNA polymerase (SolGent) 3! SH55 &9tslo] 3
F3] 25 uLe] vhe-g-oHS 7=t} Gene Amp PCR System
9600 (Perkin-Elmer Cetus Corp., Norwalk, CT, USA)2.& 95°C
ol A 5EZFREGAIR 5, 94°CollA] 14, 59°CellA] 142, 72°CollAl
184 303] 5Z Hh$-A]17]| 4L, 72°Col A 587 A BS-A| 7t
Z}z¥o] PCR AAHES ethidium bromide”} 3He 1.5% agarose
gelof|4] 40 £7F H719&3te] bandg ERIsIit. SEAES

DNA extraction kit (Qiagen, Hilden, Germany)% &2 &,

ta A AR (polymerase chain reaction)& =381
Foi=

BigDye Terminator Cycle Sequencing Kit (PE Applied
Biosystems, Foster City, CA, USA)$} ABI PRISM 3730x1 DNA
analyzer (PE Applied Biosystems)E o]-&3}o] G7] A DS £-4

SHAH

Target gene Primer pairs Sequence (5'~3) Reference

Dlasnv SHV-F GGGTTATTCTTATTTGTCGCT Li et al., 2010
SHV-R TAGCGTTGCCAGTGCTCG

blacrx-w-1 cluster CTX-1-un-F SCSATGTGCAGYACCAGTAA Li et al., 2010
CTX-1-un-R CCGCRATATCRTTGGTGGTG

blacrx-m-1 cluster CTX-1-gr-F CCCATGGTTAAAAAATCACTG Li et al.,, 2010
CTX-1-gr-R CCGTTTCCGCTATTACAAAC

blacrx-w-9 cluster CTX-M-9-F GTGACAAAGAGAGTGCAACGG Li et al., 2010
CTX-M-9-R ATGATTCTCGCCGCTGAAGCC

blacesisc GES/IBC-F GTTAGACGGGCGTACAAAGATAAT Li et al., 2010
GES/IBC-R TGTCCGTGCTCAGGATGAGT

blaves VEB-F ACCAGATAGGAGTACAGACATATGA Li et al., 2010
VEB-R TTCATCACCGCGATAAAGCAC

F, forward; R, reverse.
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5. Repetitive extragenic palindromic sequence-based PCR
(REP-PCR)S 08¢t ESBL MMm 0| Holx At AL
ESBL-& A4 81= w52 brain heart infusion broth (Difco)l

Z4E o] 37°CollA] sl gt & aj gl o 2 HE] DNA

purification kit (SolGent) & Ar&-3to] T/ w5=2] A4 DNA

£ 2&019tt 25 H QA4 DNAS 5% DNAE ARSI A]

QP2 BRIC2 (5'-AAGTAAGTGACTGGGGTGAGCG-3)e}

REP2-Dt (5'-NCGNCTTATCNGGCCTAC-3)& H¥d A

O] HHE A &S o]-8319ItH(Shannon ¥} French, 2004). 34t

2.9 DNA 329 (5.0 ul), 10X Taq buffer (5.0 pL), 10 mM

dNTP mix (1.0 uL), primer 2 20 pmol, 1.4 U 7ag DNA

polymerase (SolGent) R 55775 Egst0] 50 uLe] £gHo 2

A9t Gene Amp PCR System 9600 (Perkin-Elmer Centus

Corp., Norwalk, CT, USA)S.& 95°Cof|A] 587 vFS-A171 &,

90°Cell A 402, 42°CollA] 15, 68°Cof| A 754 358] Z-& uhg-A]

7131, 68°ColA 1582 A% whSAIH T $54E (10 ply

ethidium bromide”} 3% 2% agarose gelsol] A7] g%t &

BioDoc-14 Imagingsystem (UVP, Cambridge, UK)2 o|-&-3}]

41515tk Band 9] A oF Atglo] band o] EAFE} Tl 4= 7t

5 Bk, 7)) ool e Ko7} QLo oJshA] Ab

A7t s Ao w el

J

e
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ceftazidimeol] ol =2 7HJES B tH(Table 2). E3t A<
AR =7 R A o] B TR ] St Aol =2 2
TAES e

QA ESBL A/ w79 73-9- 2staL 9= ESBL 44k /-4
ol whet dtA| 44 Fdol thEA ekt CTX-M-15
G FARE = = CTX-M- 148 A4S Z3ol= o
ZFof| H]3f| aztreonam, cefepime, cefotaxime % ceftazidimes
of thel] =2 7FrEol e B THTable 3).

}4

2. BRSSO 0l 2fst ESBL RTAL HE

Ambler class Al <3l= ESBL (blasuv, blacrs-v, Dlaves,
blaces) A &S Yol F 20002 WS o2 58
Y-S AR A placrx-vell Hell 28¢H5(14%)7} /3

Bt o] F 8 A blaswol = SAlO] FuS B
2 class A9l £8+= blaves Y blacesOll oA = g+t
S/3NRe-Z B elek. Ak A ES A5t f1sl A71A
A& A AT} 28719 CTX-ME 37 S-ZAE-2 712}
TX-M-1483H1995) CTX-M-15% 0. 2(9+5) 2= ik

T3} plasny A SZANES] A7 G2 blasy-12 AR GV
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Table 2. Antimicrobial susceptibility patterns of £scherichia coli involved in this study

Numbers of hospital-associated strains

Numbers of community-associated strains

Antimicrobial agents

Susceptible Intermediate Resistant Susceptible Intermediate Resistant
Ampicillin 37 2 62 42 2 56
Aztreonam 90 4 6 93 2 5
Cefepime 94 1 5 96 1 3
Cefotaxime 82 6 12 87 5 8
Ceftazidime 93 6 1 96 2 2

Table 3. Antimicrobial susceptibility patterns of ESBL producing £scherichia coli strains

Rate of ESBL producing £ coli (%)

Antimicrobial agents CTX-M-14 producing £. coli

CTX-M-15 producing £. coli

Susceptible Intermediate Resistant Susceptible Intermediate Resistant
Ampicillin 0 0 100 0 0 100
Aztreonam 82 18 0 0 20 80
Cefepime 100 0 0 20 0 80
Cefotaxime 18 46 36 0 0 100
Ceftazidime 100 0 0 0 80 20
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A G3t A8 cHTable 4).

$hH ESBL& A/ 0h= 283 5 17+ A o4l
11t A GAREAY =l ESBL 44k & s
HPAY 5o A ALY 5 B G ARSEG O o R

7} CTX-M-15 T+= CTX-M-148& 714 31 9J-&0] Eel= Q]

>0
gL
=]

=

A

3. ESBL &9 gz RHE 24

HI

ESBLASA] tiA+t 289155 Ak & REP-PCRE 433t A3}
o TFFeH REP-PCR sl o] YRSt of+= ESBLE /g oh= o
S0l AZ GHZ 07 ABAlo] 28-S ouldtl(Fig. 1).

mak

i

ESBL A8/ Allat9] v A 3} w5l whel 2po] 7} 2] =W
oAl AlYE A=pie] AtollA ESBLAMAY i+t Hl&-2
9.2-14.2%%1 A0 & YeRFTtHKo 5, 2008; Song %, 2009).
Aol A e Atof] SR 0] 14%7H ESBLE A Sh= A 0=
UHEfLE 3 0] Bt R oF fARSEGIT. ok B Al 5ol A9
ESBL A/ RI%=(17%)7F A GAFSAY ++5-9] ESBL A/ R1%=(11%)
Hrp b7t 2 21 0 2 YR, Iy A AR 45 5 11
T7FESBL 534S 7HA 1L Q)= A 0= Kol ofn| Byt of
Uk A GAL] el = ESBL +3A7F 9] 5 A= A SR Als s
ct.

Table 4. Prevalence of ESBL gene types detected in £ col/ isolates

Numbers of ESBL producer

ESBL gene type
Hospital-associated Community—associated

CTX-M type
CTX-M-14 11 8
CTX-M-15 5 3
Mixed ESBLs
CTM-M-15+SHV-12 1 -
Total 17 11
bp

M HI H2 H3 H4 H5 H6 H7 H8 M H9 HIOHIIHIZHI3HI4 HISHI6HI7 C1 C2 C3 (4 C5C6 C7 C8 C9Cl0 Cl1 M

ShE Aol Al FE] == ditellAl 7Y -2sks ESBLE-
SHV-122} CTX-M& o] thKim %, 2005; Jeong 5, 2004). ~L
2 2 Zofl= CTX-MY £3] CTX-M-148 7} CTX-M-15%¢]
H %= 7} =012 7 Ik (Park 5, 2009). HIA R <of] X3t A7 <]
iy QoA Rele oS HAIAY ook A AARREAY o
F2 Bgsto] o313 Aufo A =CTX-ME o] F& AZE 3o
CTX-M-1480] 49.6%, CTX-M-15% 0] 38.1%°] %12 ©] T 7}A]
& SA 7HAI AL Q= FF7H12.2% o] ATkal 3 tHPark &,
2012). & Aol A5 BSBL #A1ARS E RS Q= 28955 o
AF0 & BSBLO] H-4 8 & 243 A3} BE w7 CTX-ME & 7}
A3 Q= Aol I et o] & o o= CTX-M& ¥yt of 2}
SHV-12%& Al 7ML Sl ZAe& ueyth 12a
CTX-M3 S A= CTX-M-1480] 1995, CTX-M-15%°] 9
TR CTX-M-14% 0] t] &3] Eej=|o] o]d 2] B 153t FARH
A3E 5 9tHKo %, 2008; Song %, 2009; Park 5, 2012).

B Ao A A& CTX-MY RS 23l 352 o
A A4 AAL ARHE W gk A3 CTX-M-159 §-44E &
ok = CTX-M-148 §4AZ £33k 55T} az-
treonam, cefepime, cefotaxime™! ceftazidimeo] thafl o =<
UAES Btk 3 CTX-M-148 $AAS E3Psl= 5=
ceftazidime .t} cefotaximeol ] X ] & YA ES e}
W=t oli= o] 9] B ek fARFtHSong &, 2009; Park &,
2012).

ESBLZ A/ 8l= 3 2835 tIA &= REP-PCR& Al e 2
¥} ESBL& A7k o=t w9 ket clonalitys E it
(Fig. 1). o] & "HEAY wof| A K.oJ %] REP-PCR &1} 2| A}
S| #-3=0]l A Ko 2 REP-PCR Hjglo] U3t 7427} qlich
ofi= A AL Bi= W of|it =13k clone©] Q7] Er}= oln
oJakslel B o] A7 H o 2| 2 BSBL AA] tiAato] Al AL o
B2 7| At 3§l o 3t A JARlof A U O & QYA Gl

B AARIH.

A]

B Ao AGARY B0k 5 UL

ko] atA

r
N

Fig. 1. Repetitive extragenic palindromic (REP)-PCR patterns of genomic DNA from extended-spectrum B-lactamase producing Escherichia
coli isolates. Lane M, 1-kb DNA size marker; H, Hospital associated £scherichia coli; C, community associated £. coli.
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