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g mwskAl Ue = it Al Extended-Spectrum B-Lactamase(ESBL)S A48k 49
EREe} O]T—i ﬂ“—r-4 ESBL &40 §3& F23h= 3lo] o] A+-¢] H& ot} ¥+ THAY (WA, T4, 5 ¥l
20134 2955 79714 671 €7 282 AT 5 5 ESBLE A ShE T4TF(262%0)5 33kt 4 # el ESBL
5 X33 e dtAl WAES Aztreonam 30.8%, Cefotaxim 30.9%, 123l Ceftazidime 32.2%% YEREOH
ESBLS XAl 6= 7+ B-lactam @A) Aztreonamol] 58.1%, Cefotaxim 10096, 18] 1 Ceftazidime 63.5%2] WA &2
Btk B9 ESBL 9 CTX-M-2<& 48 35, CTX-M-8< 20 15, PER-1 28 35, 2183 VEB-1 26 #5014 vk
ok GES-1 & 74wt & 21057 Sl Ant 48kl velyith ESBL AERIEet §3 9] 4 8st spete ydztdde]
FFA| Aol Ego] AOlE}.

Abstract The study aims primarily to evaluate the resistance of antibiotics and the prevalence of these enzymes
among Escherichia coli the most frequent isolate of Enterobacteriaceae producing Extended-Spectrum 3
-Lactamase(ESBLs), to differentiate the types of enzymes in these isolates. Total 74(26.2%) Strains of producing
ESBLs among the 282 E. coli isolates were isolated from hospitals of Chungcheong area (Daejeon, Chungnam, and
Chungbuk) during a 6 month-period from February to July, 2013. 282 E. coli isolates including ESBL shown
resistance rates of aztreonam 30.8%, Cefotaxim 30.9%, and Ceftazidime 32.2%, 74 isolates producing ESBLs in E.
coli were resistant rates to Aztreonam 58.1%, Cefotaxim 100%, and Ceftazidime 63.5% of [3-lactam antibiotics.
CTX-M-2 (48 isolates) was the most prevalent type of ESBLs identified. Followed the order of frequency by PER-1
(28 isolates), VEB-1 (26 isolates) and CTX-M-8 (20 isolates), of the 74 isolates, 2 isolates only showed GES-1 in
Chungnam province. Accurate identification type of ESBLs would aid in hospital infection control. This would give
aid to the physician to prescribe more appropriate antibiotics.

Key Words : Escherichia coli, Extended-spectrum [3-lactamases, Polymerase chain reaction.

1. M& ¥} monobactam & carbapenems A€] ¢+ B-lactamA]

oA thE-Eel  WAS  Ho]il  aminoglycoside,

Extended spectrum-lactamases (ESBL) #8415 trimethoprim sulfamethoxasole 5 oJ2] &Ald] U4
penicillin, 52 9] 2 62 1] ABA cephalosporin - 91 97} wol A& kA E MElar] 7} of2]-9-1 ESBL

2= ganddsia 20139 % 2 A7 HAZ FAE AR

"Corresponding Author : Jin-Sook Park(Hannam Univ.)

Tel: +82-42-629-8771 email: jspark@hnu.kr

Received March 19, 2014 Revised March 27, 2014 Accepted April 10, 2014

2295



A& =R Al5A A4B, 2014

Fow A}
ArE FSske1-3]
= 74 Yol Ag-E= Ao
w2l o5 AT} ldelA Bol AREEWA] 0|59
9, 8 9 AAuAel digk kAol tigk W] 7
7b EAE dFE AT B-lactam AAC] oigk WA
< ofg 77t d, 2 5 7H s8%
-lactamase®ll obAle]  EEd3to|Ti 4l
-lactamase®] 7] EFAAZE Gl olH e B/ A
Aol Z&& 7] 9J3te] Amblere} Bush 5& M 2&
EHHE Al HA=dI56], Amblere wAF-20
oA EARAAY] AVIME el AR B
-lactamaseZ serine® ¢! class A, C, D9} zincE <l class
B& 3}, Bush 52 715l Fo 7143
A A 2] o]l we} B-lactamase’} o1H HH ¢
TAE o E3)5h=29} clavulanic acidoll 284 &4
o] AAE =AY wEt ofe] 2o BRI
ol5dl mt= W, ESBL| 799 #H B-lactamAE 3
ol WAS Yehl AL, cefoxitin® 22 cephamycin®}
clavulanic acid®} - B-lactamase A|A = 44

227} plasmidel 23 =2 5 97
uj ol o] 5o thdk

B-lactam A= 7

Q
a
A

1

9
A
Jl
= =
(s}

=

-

o) =
AR

o

= ]
e

— mTo
< UERJ =2 Amblert class A serine -lactamase=
25351993, Bush 5& groupZbe® EFalaith
AF7kA] ESBLE #8]7 f132 1500F o] o=
TEM, SHV, CTX-M, PER, VEB % ©]¢jo] = o] 7}4]
el BeiA ko7l
ESBL2 wehvivl E577F thdsbAl Bals i glom

w3 1o A el e Ehe EF, 283 9]
Aol me 7 wole] Rzl they] fie] Be AT

7F 5o} A18-10] shovt FgA o= H A7d A
87} Qlo] ofdll & ATelME did, T, S5 A9
T AAA e o ESBLE FA4HE 79 §l
&, @Al Aad 2ea AR S S Sl

T FRAAMES HARE A8k o)i= ESBL A4

Aol o) o 9 AR, BAZe) AR Rgol
4 Qo AR €k
2 M2 L wy
21, NE7IZt 2 m=
211 Mg7iz
20134 2915E 20139 78 0Q7HA A, F,

2296

ol-N‘

AlSAHAST

=2 0O

212 =

ArpdolA RElE 22T E coli FolA
MicroScan WalkAway 96 SI(Dade Behring Sacramento,
Calif.) 1] 7} ESBL %4 o2 F48h= 74 #55 22

sglom AAY} HahE 2 849 9o A

e

AZ9 3 A FHsA ArdE S e Fx o
F= E coli ATCC 259222 o]-&a3ith.

22 Mz 83 A gdd Z+d A=

AAE MacConkey iAol wikste] 13834, £
Hejete gros F49E 7S MacConkey Hi=] o]
Al widslel 35T Fd27)dA s w3
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AAFE AAsATE AA wiA] mEk s Ao 4]
Hle gk A E(minimum  inhibitory
concentration, MIC)E ZA3FATH11]. Al shtAl+=
Amikacin,  Ampicillin,

Ceftazidime, Cefazolin,
Ceftriaxone, Ciprofloxacin, Gentamicin, Imipenem,
Trimthoprimy/sulfamethoxazole (SXT)
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2.3 Clinical and Laboratory Standards
Institute (CLSI) ClA3T ZHAHHO| 2ofst

ESBL A4l SIOIAIE
CLSI tl&== &5bHol o3t ESBL A 1A 3
Al#gadh. Mueller-Hinton H) <] (BBL
Microbiology Systems, Cockeysville, MD, USA)ol
McFarland 05 B%9] 98- 12 % Cefotaxime (BBL,
30 g)¥ Cefotaxime/Clavulanic acid(CTC) (BBL, 30/10
g), Ceftazidime (BBL, 30 g)¥} Ceftazidime/Clavulanic
acid (CZC) (BBL, 30/10 g) H2=3aE &1 35TClA
16-18A17F Bl = AU E ZA 38t CTC %= CZC
9%k A th7} Cefotaxime ¥} Ceftazidimeoll 2]3F ]| th
Bt} 5 mm oY & B¢ ESBL A4 44 o= 34
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Plasmid DNAT Sambrook 5] Wl me} &3}
Atk 2] widlS microtubedt] 1.5 ml¥ 23] YAl
HEste] £k A HE L oA gojent Atk
50 mM glucose, 25 mM Tris (pH 8.0), 10 mM EDTA<2]
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AN slAch dEtE Ao 0.2 N NaOH, 1.0% SDS2]
Solution & 300 ul 7}3Hche A7) 92 Fof A O]
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ool 5 M potassium acetate 60 ml, glacial acetic
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2.4.2 PCR®|&t Primer &
7] 98

B-lactamase?d] EA4 4
A =Fst A e Table 1].

PCR & 250 pt#}2] tubedl] th&-9] Atk Up
stream primer : 0.5 0 100 pmol primer, Down stream
primer : 0.5 ¢ 100pmol primer, Template DNA : 5 xl
(100 ng), ANTP : 5 (2 mM dNTP), MgCl; : 2~3 ul
(25 mM MgCly), 10 X reaction buffer : 540, Tag DNA
polymerase : 0.5 g0 (25unit), DW : 30.5~31.5 wf, Total
50 w0 A Atk 1 cycle : denaturation 94, 180%
annealing 50C, 60% polymerization 72°C, 60z 2~30 :
denaturation 94T, 60% annealing 50T, 60%
polymerization 72°C, 60% 31: denaturation 4T, 60x
annealing 50°C, 060% polymerization 72T, 180% %

o i
24E& 4
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[Table 1] Oligonucleotides used as primers for
amplification and sequencing in this study

size

Primers Nucleotide sequence(5’ to 3')

(bp)

TEM F ATGAGTATTCAACATTTCCGT w1
TEM R TTACCATGCTT AATCAGTGA
SHV F CCGGGTTATTCTTATTTGTCGCT %31
SHV R TAGCGTTGCCAGTGCTCG
CTX-M 1IF  GGACGTACAGCAAAAACTTGC 624
CTX-M IR CGGTTCGCTTTCACTTTTCTT
CTX-M 2F CGGTGCTTAAACAGAGCGAG 01
CTX-M 2R CCATGAATAAGCAGCTGATTGCCC
CTX-M 8F ACGCTCAACACCGCGATC 490
CTX-M 8R  CGTGGGTTCTCGGGGATAA
CTX-M 9F  GATTGACCGTATTGGGAGTTT o7
CTX-M 9R  CGGCTGGGTAAAATAGGTCA
PER-1 F GTTAATTTGGGCTTAGGGCAG -
PER-1 R CAGCGCAATCCCCACTGT
VEB F ACCAGATAGGAGTACAGACATATGA
VEB R TTCATCACCGCGATAAAGCAC
GES/IBC F  GTTAGACGGGCGTACAAAGATAAT 003
GES/IBC R TGTCCGTGCTCAGGATGAGT
TLA F CGCGAAAATTCTGAAATGAC -
TLA R AGGAAATTGTACCGAGACCCT

243 MI|E=

2 A" Fgav| = PCR 5% M2, Aldtg sz
Ads DNA 52 6X  sample buffer (0.25%

bromophenol blue, 0.25% xylene cyanol FF, 40%
sucrose) 9} E§3te] 7-9-ol] waf 164 2% Abole] o7}
22 Hoj| A7] 9d%53}e] 1X TAE electrophoresis buffer
ol 4 100Vell A 30~40%3t 1719 sttt 471950
2 AL 0.002% ethidium bromidedl] 1027+ 97HF3
=542 2 AlojF & UV transilluminatorel] &7 &
gk2=m|= DNASH PCR 53489 f-57-9F 715 #3
3} polaroid 7HHl2F2 (Type 667, Polaroid Co.) AH 2
@A

EX-FS
o T T

2.4.4 Sequencing

DNA @7IAEe As@7IME 471 (Perkin
Elmer: ABI 373, LI-COR4200)& o] &-3}o] #2418 319
t}. Z2493% DNAJ th3} sequence primers pGEM-T
FAAF $abAel 1= T7 primer (5'-GTA ATA CGA
CTC ACT ATA-3)9} Sp6 primer (5'-TAT AGT
GTC ACC TAA AT-3)E 3 o= zgla Mi3
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forward (5'-GTA AAA CGA CGG CCA GT-3) ¢
MI13 reverse primer (5'-AAC AGC TAT GAC CAT
G35 & o= 217 primerdl] 32 ¥A 3 A
3ttt S22 target gene°] AU H plasmidS 7 A g
% BigDye™ Terminator Cycle Sequencing Kit v. 2.0
(PE Biosystems Co.)E ©]-83}4 cyclic sequencing 3}
At} (94T 5s, 50T 10s, 60°C 4min; 25 cycles). Cyclic
sequencing®] % ¥HS-AHE-E alcohol precipitation H
W &L Centri-Sep Column (Princeton Separations Co.)
< olg3t] AAAZ U speed vacuumell A 3]
AZA17 ABI 3100 automated sequencers ©]-4-3lo] 4
71MEE 2.

2.4.5 Data analysis

DNAstar computer program< Ag-ste] &37]
Agstnt WA @71449e] gelA e 2 4
F9} vl WSkl B GenBank®] 44} 5-E5A ol 555
of = d71 A3} vuEA 3tk GenBankel 55
d A7IAEERY A HluE 914 NCBI
(National Center for Biotechnology Information)el] 4] !
el A&st=  Blast-search  BLAST 20
(www3.nchinlmnih. gov/BLAST)E o] &3to] A
o] & FHAe 91AE Eelsta, Y FVIAEE
& Clustal X multiple alignment Z213S A}-g5}o
A714 4 A H3}kaL Bioedit, Genejocky 1 59 271
AE AREsto] ke vl =4, R 9 GHC
2 A+T content, 9714 €2 X3+ HXE codon usage

pattern §)& THH R FAFAT
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2.4.6 PCRZ 0|25t ESBLRMXIS| &=

Multiplex PCRS ¢13t PCR &3 dNTP(Z}7] 25
mM), 10x PCR buffer 2 xf, primer 10 pmol 242+ 1 ul
9dal, genomic DNAD5 pg) 1 uf Tag DNA
polymerase(2 unit) 1 xl, #F WAL SHFFZ 20 ul
= A AAEFAE DNA thermal cycler(Perkin Elmer,
Wellesley, USA)Sll A 94Tl A 187+ WA, 50TCelA
17 A, 2°CoNA 187 3e] A2 3H3E AlF
skaL 72°Col A 1083 FE e sk
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A 70 volt, 100 mAR 1At FeF A7) 95E& AA% o
2, agarose gelS Ethidium Bromide(0.5 pg/ml) =&Y
A 2023 dAEtT FHG 10%3F gAste] UV
transilluminator = #-23}3L, polaroid camera® AR

g stk

gigato] AEE AAZE &AW 45 F(608%), EH 11

T(14.9%) A T3t5(95%), HHads 29 A
5¢F(6.8%), & 3TT(4.1%), 71EF 3¢5(4.1%) °|th

3.2 &zd ey Zut

Al 3 Axbel Amikacin, - Ampicillin,

Aztreonam, Cefazolin, Cefepime, Cefoxitin, Ceftriaxone,
Ciprofloxacin, Gentamicin, Imipenem,  Piperacillin/
Tazobactam, Tobramycin, Trimthoprimy/Sulfamethoxazole
(SXT)9] sHFAE o] &3l HAF AE AruH,
ESBLE AAsk=  #FE  Blactam FrAY
Aztreonamell 581%, Cefepimedll 55.4%<] W3S R
on AX]o] aminoglycoside A& Gentamicin®l =
52.7%9] Wd= HaArh

[Table 2] Antimicrobial resistance of ESBL producing
E.coli using MicroScan system

Antimicrobial resistance rates

Antimicrobial agents

(resistance breakpoint, S I R
1g/ml) No. % No. % No. %

Amikacin(>64) 74 100.0

Ampicillin(>32) 74 100.0
Aztreonam(>32) 22 297 9 122 43 58.1
Cefazolin(>32) 1 14 73 98.6
Cefepime(>32) 15 203 18 243 41 55.4
Cefoxitin(=>32) 64 8.5 5 68 5 6.8
Ceftriaxone(>64) 74 100.0
Gentamicin(>16) 35 473 39 52.7
Imipenem(>16) 74 100.0

Cefotaxime(=>4) 74 100.0
Ceftazidime(>16) 20 270 777 95 47 63.5

Abbreviation. R; Resistant, I, Intermediate, S; Susceptible

Ampicillin, Ceftriaxoned] WS How whd
Amikacin, Imipenem-> 100% 2548 EHon A=
[Table 2]} 2t}
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3.3 Clinical and Laboratory Standards
Institute (CLSI) C|A3 EHrHHo| oSt
ESBL 4 EtY & =A™ Znt
MicroScan Walkaway "3l ESBL TF% 7hs%
S FAS uZT 4 vF FolA  Cefotaxime®}
Cefotaxime/Clavulanicol A= 713 (95.9%)7} $43<
31 Ceftazidime?} Ceftazidime/ClavulanicS ©]-&
ol Uid AAIAE 42 #F (57.6%)7F FA o=
Sit}, U Foll A 3TFE o] AlgA 4S B
FAHTable 3].
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[Table 3] Phenotypes of ESBLs producing E.coli
isolates from Daejeon, Chungnam and
Chungbuk hospitals

Number of ESBL

Phenotype of ESBL CTX+and

Negative CTX+ typeCAZ+ type CAZ+ type

Daejeon(n=26) 0 26 17 17
Chungnam(n=37) 1 36 20 20
Chungbuk(n=11) 2 9 5 5

Total 3 71 42 42

ESBLE A%3l7] $la PCRS 4131900 o] A&
CHCEREE S EE I S LR
we NER 4%

[Fig. 1] Multiplex PCR performed with the specific

primer sets using plasmid DNAs of

Escherichia coli
1: CHB3 (TEM;&1bp), 2: SCHI5 (TEM:861bp, SHV;&31bp), 3: SCH6
(TEM;861bp LCTX-M-2;,891bp), 4 SCH20 (TEML&61bp,
SHV;831bp,CTX-M-2:891bp), 5 DJS2 (TEM;861bp, CTX-M-2;891bp,
PER-1;85bp), 6: DJS23 (TEM;&61bp, SHV;81bp, CTX-M-9;947hp,
PER-1;&5bp), 7 : CHB14 (TEM;861bp, SHV;&31bp, CTX-M-2;:891hp,
PER-1;85bp, VEB-1,727), 8 DJS36 (TEM;&1bp, CTX-M-1;624bp,
CTX-M-2:891bp, CTX-M-849%0bp, PER-1;85bp, VEB-1;727bp)9 :
DK7 (TEM;&lbp, SHV;&831bp CTX-M-2:891bp, CTX-M-8490bp,
PER-1,856bp, VEB-1;727bp, GES-1;903bp)10 : DK5 (TEM;861bp,
SHV;&31bp  CTX-M-2:81bp, CTX-M-849%0bp,  PER-1;85hp,
VEB-1;727bp, TLA;903bp)M : 100bp molecular marker

2299

CTX-M-82 % 3704 A= =H3lom o5 167
T (432%)7F A el A Bl oA 77% 2 S5
182% HU}F =2 AS Hrh TLAE 29 9olA
2H 57 F(135%)014] AEE v A oA &
g FFAE HEHA &% GES-1 2 FHolA
HeE 27 F(G4%)NA T AEFHUT B AT
TEME % SHVE ESBL-> ZHEHA] %9k

[Table 4] Area distributions of resistance genes
determinants according to ESBL among
clinical isolates of E. coli

Number of ESBL(n=74) Total
Gene type Daejeon  Chungnam Chungbuk number of
of ESBL (n=26) (n=37) (n=10) isolates

No % No % No % No %

CTX-M-1 2 77 4 108 9.1 7 95

1
CTX-M-2 17 654 26 703 5 455 48 649
CTX-M-8 2 77 16 432 2 182 20 270
CTX-M-9 10 385 3 81 4 36.4 17 230
PER-1 11 423 14 378 3 213 28 318
VEB-1 12 462 13 351 1 9.1 26 351
TLA 0 00 5 135 1 9.1 6 81
GES-1 0 00 2 54 0 0.0 2 27

Az Zdx|del A -3 E coli CTX-M-9 #&
10 oA AEQlS 93k b5 Zelo|r S ALg-3o
PCR AAFE 283 A3} 947 bp=7]¢] CTX-M-9 7} 10
7 BEFollA HEEAHFg. 2].

M 1

2 3 4 5 6 7 8 9 10

[Fig. 2] PCR amplifications of CTX-M-9 gene using
the plasmid DNAs of E. coli isolates from
Daejeon and Chungnam Province. CTX-M-9

gene (Lanes 1-10; 947 bp); M, 100 bp
molecular marker; 1, CHB3; 2, SCHIS5; 3,
SCH6; 4, SCH20; 5, DJS2; 6, DJS23; 7,
CHBI14; 8, DJS36; 9, DK7; 10, DK5

4 DE Y AE

Qb 27 #5 o4 ESBLY 4487} fae Uel
9 24} 7)ol wel that wsl A s 2|l gl o
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oAl 25%= theksid AAHoRZ 3%9 AuiAltrol
ESBLS AAsIAtHI2]a Harskdct 2003Wde] Kol
g A=xo] 32 HYS Yo e AL E A o
Folx =, B 51312 E coli®] 9%7F, 13) Lee 5{14]
& E coli®] 104%7} ESBL A4 trolgka B sttt
2 51512 2007d Ragk AFollA E coli®] 10%901 4
ESBL B4 o] AEH o] A=A Bie} vls=gk A7)
£ Bk B Ayl 2013 AR vlel] ofshd i
Aol oS 26.2%01H A A1 fol= A& & 9
A ek 4 e] F7HeS & ASATE @, A =
AEAbe] 2006 A A3 B E A R Aztreonam,
Cefotaxime, 18] 3 Ceftazidimeo] g+ o] E colix=
Zy7} 7.3%, 11.1%9F 85%2FaL 3t eH16]. 2007 H.a1gk
1 S[15]& dFdAE Aztreonam,  Cefotaxime,
Ceftazidime®ll tigt W/d&o] 22+ 80%, 10.6%, 9.2%E}
I B SRSk & ATl A= ESBLE 23 bt
o7 AW A WAHELS Aztreonam 30.8%,
Cefotaxim 30.9%, 1] 1L Ceftazidime 32.2% 2.2 YEFS:
on  ESBLE XA wFE Blactam A
Aztreonamell  581%, Cefotaxim 100%, —18]iL
Ceftazidime 635%% YeR UdE FEH= 3o
ESBL #9& & 4 %tk 20049 18] 220X blages 5
A A= Escherichia coli 365-022] E&~v| =2 A3}
He AL Aoty 23 Fol| Klebsiella pneumoniae,
Enterobacter cloacae, ~L&) 11 Pseudomonas aeruginosa
of oJaf ATtEARE blaces s AAE AA B A
ol A ®arsle #)a Qrkar[17] skl em Xavier DE &
[18]¢] 2010 ®a13t ARoll= =Ewtol blacrs-w-2°l
1.7%7}F 5.9 blaes 1+ 51% AZH Atk B} £
Atol A=t M= 747 5 blactx-wo”F 48719]
vhe} 64.9%7F A& 3 blages1 27301 W) 2.7% o1 3L
Sl AT FdatA LA Ranellou K S{19]
w2 2204 st e PER-18 A48hs i F
7F S ERlgon A xE Ao H EWAE

2 H 5 fHA dgnn 202
blaprr 1= WA, T, SEONA BT

HEHM e ESBL ¥4 T T BdF7F et

Cefepimeel] 3+ £ WA #5515 & 105+ B7e
blaper 1 A} g0, FEAA A 9] o] At
3]

[¢]
o 7a el HedAS A diulAo] viE A =

2300

3k FAtbol| i PER-1 A3 A baumannii?} ©rAE 7HsA
S »ugrl Laurent Poirel ${211 E. coli JM1099] A4
VEB-1 (Vietnamese extended-spectrum B-lactamase)
FAx7F B3 % 31 Cephalosporins¥ Aztreonam ©l %=
& o WAdE Btk spglon B AFxE 26
ol A HEE H1%E HY FEE, oA 1
=

& Bo| F1 glvk oked, Al
A5 Q
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