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This study was conducted to investigate the prevalence and genotypes of extended-spectrum [-lactamase
(ESBL) in 377 Escherichia coli isolated from healthy and sick animals. Two isolates (0.5%), each of
which were isolated from diseased swine and chicken, respectively, were confirmed as ESBL produc-
ing isolates by double disk synergy test, and showed a multidrug resistant phenotype. Minimum in-
hibitory concentration of cefotaxime for the two ESBL producing isolates were 3 ~4 times higher than
those of ceftazidime, respectively. By PCR and sequencing, one isolate from swine have both blacrx-is
and blatem.1, and one isolate from chicken have blacrx.is and blatem-116. Also, these genes were trans-
ferred to E. coli J53 by conjugation. These two isolates showed unrelated pulsed-field gel
electrophoresis. To our knowledge, this is the first time that blarpm-116 gene was identified in E. coli
isolated from animals in Korea. These results suggest more prudent use of third- generation cepha-
losporins, and surveillance and monitoring for ESBL producing E. coli in both animals and their envi-
ronments should be necessary.
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inhibitoro]] o]sfjxl= /o] A== E4o] UtKOliver
o> 1999). ESBL2 1983 = o||A] Klebsiella(K) pneu-
moniae®| Al & Eg] Ei1%E o]|ZF(Knothe 5, 1983)
HAY7FA] 1500 F o|Ato] HilE|al ¢l ti(Bradford.
2001). ESBL-& Ambler 5(1991)2] class A ¥ Bush %
(1995)9] group 2beo]| &3l= EAZA tjFEE ESBL
S TEM-1, TEM-2 2 SHV-1 §49] ST & broad-
spectrum B-lactamase(BSBL) -3-721%}9] & wojof o3&t
opu| Ak Z]ghe]| ofsfiA] A/ =] 3l tHJacoby 2} Medeiros,
1991; Paterson¥} Bonomo, 2005). Plasmidof 2]3f wfj 7}
= TEM Y9 SHVE # 4= ESBL = 7V &by
o] A= TEM-52, SHV-2a @ SHV-127} Y] 93}
St Aem HuEi glo, o= CTX-ME ]
71 &5] HRaEa tkJeong &, 2004; Kim &,
1998; Kim 5, 2005a; Kim &, 2005b; Pai -5, 1999).
CTX-M& ESBL2 19894 =%9] Bauernfeind &
(1990)°f| oJsljA] Abgtoll Al &3t E. coliof A CTX-M-1
o] A5 Hiy o]% UetE HIESH 9, &
o 2}7}, gopH|2]7}, ofAlo} W ofze7} 5 AlA
Zhrol A oheFet 199 CTX-M3 ESBLO| Hil% il
Qlom 7 HiE= AL 271313l lth(Bonnet, 2004;
Pai 5 2001; Tzouvelekis 5, 2000). CTX-M3& ESBL
A A plasmido]] &faf w7l E|w 7hpisf 7| A 504
4 7| Eol/do] TEMEo|ut SHVE ESBLY} f-AFsH
A9k, ceftazidime Et}= cefotaximeo] T3l 7}=H-3)
o] o e S4do] lrkPoirel, 2002).

A F7HA = ol A ESBLo|| 3t 4= 7= oot
oy 32k FE el A FQl AR Al
of thsjArt o]FofXaL & B, F= F Aol
A oo T3 Hils =R ARt 5, 2008; &
> 2010; Lim 5, 2009). °] A= 1743 5=
20 2 HE B3t E colis YA O =2 ESBL A4
TE woEelstal, o]& w3l tisiA= ESBL
AR FAF, FtA WA A Al 97t
A Aes % PFGEE ©]-&5to] ESBL 4HY 5
A B o RE dotE At HAISHIH
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slo] Bk 291 E coli 2275(4; 11135, H)A]; 1163)
U AYAHA o= e Sh=of| A Bt E coli 1505
(&5 67, HA; 51, © 3250) & F 37755 e
2 AFES sk

ESBL dd 2F9 A=

ESBL A5 AME £]3}9] cefotaxime (CTX, sig-
ma, USA)Z} ceftazidime (CAZ, sigma, USA)o]| T3t %
A9FS- 93 A5 &= (minimum inhibitory concentration, MIC)
7} 2 pg/ml o]Ael #FE tiAF S 2 double disk syn-
ergy (DDS) A8 AA]3} th(Jarlier, 1988). Mueller-
Hinton Agar (Difco, USA)®f| MacFarland No. 0.52 €
EE WE F SRUS F5 EUT F Ao 39
of] amoxacillin/clavulanic acid (AMC) (20/10 ug, BBL,
USA) JA3E5 il 7PgAE 27E 2em7} B= X
of 30 ug®l aztreonam (ATM), ceftazidime (CAZ), CTX
9 cefoxitin (FOX) ) AZ(BBL, USA)Z %1 37°Co]
A 18A1ZF vjoFEE 3, AMC T A9} 2+ T A= Ao
oA &S Ut AAd e el 5
mm o]/ o 7 FHEEY o m WAk

YOl A% LHYNE N8

WHHYAHE ESBL A4 #5E Fol@oR of
11, sodium azide (SA, sigma, USA)o|| WAdQl E coli
1538 W HDFEZ 510] Bradley 5(1980)9] HH o]
Zsto] WAt FAFT N ALHES 217H9] 4ml
Tryptic soy broth (TSB, Difco, USA)o| &35}l 37°C
o A 18AIZF B ths, mlE] 7F2AlA & 0.5ml
TSBo| FAlxF 0.1mle} XL+ 04mlE ¥ &
37°Col Al 427 wjoFdt &, CTXe} SA7F Zbzh 2
pg/ml 9 100 pg/mle] =2 335 MacConkey agar
(Difto, USA)e] REsko] 37°Col A 18417F HjoFat

transconjugantE- A1 3} % T}

o A

A A AE-2 National Committee for Clini-
cal Laboratory Standards(NCCLS, 2003a)2] 7]&of uwh
2h4] CAZ2}F CTXof| tigt MICE= 8 3] 4} (NCCLS,
2003)2.= ampicillin (AM), amikacin (AN), cefazolin
(CZ), cefalothin (CF), cefepime (FEP), chloramphenicol
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(CM), ciprofloxacin (CIP), gentamicin (GM), imipenem
(IPM), kanamycin (KM), nalidixic acid (NA), sulfame-
thoxazole/trimethoprim (SXT) W tetracycline (TC) 5 13
9] FatAlol A= BBLALY sensi-disc (USA)E
o]-gslo] tjAa FAPH S Z(NCCLS, 2003b) A A|5H
Ack. FRA WA AWS 9 EERFEE E
coli ATCC 25922& Al&-351%tt.

Polymerase chain reaction (PCR) & SiJ|AHEA

Plasmid DNA+ AccuPrep® Plasmid Extraction kit
(Bioneer, Korea) & AHE-3F0] A|2Ake] Z4jo] Z5}o]
23t t}S PCRS 3t template DNAZ A3}
o} ESBL #7329 HAE&S {3t Z-2H9] primers+=
(Ftol e Uok@ael olzlste] 4 Alaarsict
(Table 1).

PCR %82 Maxime PCR PreMix (i-Star Tagq, intron
Biotech, Korea)ol] ZFZF2] 10 pM primer 1ul9} template
DNA 2 ulg Y2 & 9ae 2543 Al 4%
HE-S-gFo] 20 pl7} =7 8l TProfessional Thermal
Cycler(Biometra, Germany)E ©|-8-3}o] 33}t
HRo- AL 95°Col|A 1587+ %7] denaturation <,
denaturation (94°Coj| 4] 30%), annealing (Table 19] &
TollA 30%), extention (72°CollA] 2&) IAS 303
3}l 2|E extentionS 72°Cof| A 108-7F AA)819
Z =] AME2 1.2% agarose gelo| 4] 100VE 30&
71958 AlA|5F & UV transiluminator (Biometra,
Germany) & ol §3fo] So] WES] §38 selshal
of FAA A7 E A4S fldl PCR BES AR

EEAEED olFsto] EAstary.

IS
y

[

Table 1. The list of sequence of primers used in this study

Pulsed—-Field Gel Electrophoresis (PFGE)

H2] O

PFGE EA2 A3tasA  Xbal (20,000U, Roche,
Bio-Rad, USA)S Al&35lo] n|=t2 W E A Al 6 (Centers
for Disease Control and Prevention, CDC, 2004)o{| 4] &
9 329l PFGE network?l ‘PulseNet’of|4] A}g-E&=
PFGE #Z=AJH(CDC, 2004)0] wzh AAJSHAT-
PFGE £4& 93 H7|9%2 0.5xTBE buffer (Bio-
neer)S ARE5}o] CHEF-Mapper XA Chiller system
(Bio-Rad, Hercules, Calif. USA)°2. 2 6 v/cm, 120°,
15°C, ramped pulse time 21.6~63.8%2] ZAHCZE 20
AZE 7G5S AAsL.

ESBL d4d=2F90 AE

ZABE E coli 3775 % CTXO] st MIC7} 2
ug/ml o]l 755 4O & DDS AlFS AAIGH A
I =2 " g oA Zh 15+ES46 2 EP26)7k
ESBL A4 w2 SIEon o5 23+ & o
Soll A == Tt

S3H Uy ¥y

ESBL AAJ+tF 275 22 AM & 15%59] 3+t
Aol gt 7= AlES 3 A3 ES462 AM, CAZ,
CF, CIP, CM, CTX, CZ, GM, KM, NA, SXT ¥ TC
5 12F9] Ao WS H AL, EP262> AM, CAZ,

TM* Expected amplicon

Primer name Sequence('5 to'3) €0 size (bp) Reference
M RCEICSMIONT s s s
VR TTAGCGTTGLCAGTGETCG " s Bitas 52002
CTXMR  TGOGTRAARTARGTSACCAGAAYCAGCGG 55 Monstcin 2007
OXAR  TOCGAGTTGACTGOCGGOTIG d 702 Britas 52002
CMY2R  TITCICCTGAACGTGOCTGOC. “ sz Kim 52009

* Annealing temperature used for PCR
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Table 2. Phenotypic and genotypic characteristics of E. coli isolates producing extended-spectrum f-lactamase

_ _. MIC(ng/ml) L )
Strain ~ Origih ——— Antimicrobial resistance pattern DDST** bla gene detected
CAZ* CTX
ES46 Swine 16 256 AM, CAZ, CF, CIP, CM, CTX, CZ, GM, KM, NA, SXT, TC + blaCTx.M.15 blaTEm.1
EP26 Chicken 32 512 AM, CAZ, CF, CTX, CZ, NA + blaCTx.M.15 bl{lTEM_n(,
TES46 Swine 16 256 AM, CAZ, CTX, CZ, KM NTH** blach.M.15 blaTEm.]
TEP26 Chicken 16 128 AM, CAZ, CF, CTX, CZ NT blach.M.15 blaTEr\/l.]]e,

*CAZ, ceftazidime; CTX, cefotaxime; AM, ampicillin; CF, cefalothin; CIP, ciprofloxacin; CM, chloramphenicol; CZ, cefazolin; Gm, gen-
tamicin; Km, kanamycin; NA, nalidixic acid; SXT, sulfamethoxazole/trimethoprim; TC, tetracycline. **DDST: double disk synergy test.

***NT: Not test.

kb

-blarem gene (445bp)

Fig. 1. PCR for detecting B-lactamase gene (blarrm). Lanes: M,
100 bp DNA ladder; 1, positive control for blarem; 2,
ES46; 3, EP26; 4, TES46; 5, TEP26.

CF, CTX, CZ % NA 5 69 oAl W< yetd
ATt CTXO tfgh MIC= =jA|F & FefitolA 2
7} 256 pg/ml 9 512 pg/ml o]AHS Kol CAZS] MIC
16 pg/ml = 32 pg/ml R} EQFtKTable 2).

s

AM,
CTX, CZ W KM 5] oblo] digt wiago] magz
Ql E coli 15302 AEEI, EP26& AM, CAZ,
CF, CTX 9 CZ 52| oHlo] tfat Aol magz
S 2 AEE It (Table 2).

L

ESBL R0l ZE X &K £
5

ESBL 4 25 4 o]E59] transconjugants 25+
2 fAre & TEM, SHY, CTX, CMY 9 OXA 5 5%
o] ESBL 1445 #%317] $18 PCRE AAFE 2
T}, ES461} EP26 & W% TEMi} CTX-ME {AAE

kb

-blactx-w gene (593bp)

Fig. 2. PCR for detecting PB-lactamase gene (blacrx-m). Lanes:
M, 100 bp DNA ladder; 1, positive control for blacrx-m;
2, ES46; 3, EP26; 4, TES46; 5, TEP26.

ZAlo| B85k QI o5 9] transconjugantso]]
AT AL HEE AekFig. 1, 2).
2, o5 TEM ¥ CTX-M3 §449] @7142E
A% Ax}, ES462 blarem1 I blactxmiss FA] 0
ZFA 3L Q1% aL, EP262 blatemiist blacrxmiss &4
of mpeln gl Ao AT, oF 2o
transconjugantsQl TES463} TEP269)| 4 = Fol++1} &
gt Aarel SHAE Shlg 4 ATHTable 2)

PFGE

ESBL #3147} A&% ES46 W EP26S iAoz
A Al AN S ot 7] $18 PFGES AlA|
St A3} F o3 e A2 o2 FAAS YERYS
tHFig. 3).

Xt
2

K

1983 A o) plasmid 7ol ]34 ESBL A
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M 1 2

Fig. 3. PFGE pattern of genomic DNAs of CTX-M-15 produc-
ing E. coli isolates digested with Xbal. Lanes: M,
Salmonella braenderup; 1, ES46; lane 2, EP26.

F7F =YolA A& EirE o] F(Knothe 5, 1983), E.
coli®} K. pneumoniae= W 3E % Q] ESBL A H#F=
AIA SLzollA #e Hilxil 9low o] ESBL A
At FHOR 7129 B-lactam ot A|F A 34
o cephalosporin A Q2| d}utA|Zo] FE et whet
ghape] A gmo] W oHFS FaL Uti(Jacoby®}
Medeiros, 1991). =+Ujof A= 1990d ] o|FHE F=2
gshE ey FEHA A S$xE YR
ESBL A4 5ol thgh A-7F &ds] 2= 9l
om olZ o] WAERAA FHE wi- theFstA o
Bl QItHKim %, 2005a; Kim 5, 2005b). o] ¢
TollA FAIRE E. coli 3375 F HA| el 15 2
e 15 5 & 25%0.6%)7} ESBL A4 w2 =<l
Elo] ESBL A4 #5:9 &4 W% = o] A+
A=9] datel FAFSHATHA &, 2008; 4 5, 2010,
Lim 3, 2009). E3h, ol5 F #F+ HF 504
2o 2oz gelyo] ESBL A4 #59 &3>
koA AYAEE gt ABAIY cephalosporins 7|
FAA Y AR o] A= Aol e AR
Azetet etk FEollA ol oFAl9 4lFEE A
o] 7+t

%7] ESBLE tJ&E TEMI} SHVEo|g o) 2y
of o]28] CTX-M% ESBLE| &&o| AjA o] vt
oA FA3] 5718kl Qlth(Bonnet, 2004). o] &1+
oAM= HHA Fe 15004 blarema 2 blacrxis, 2}
S & 15594 blatemns 2 blacrxwas AT 5
Aol &5 ]lek 53] o2 7HA] ESBL A4S &
Ao AY AL Q= e ARl AREE= Al
weba] TRk B-lactamases WHEET = gloBRE ¢
Ao 2 ¢-2 98 sttk(Bradford, 2001). wakA o] &

270] Shato] oat gulao] Al s ojof o
Aoz gz

TEM3Y ESBLLE TEM-13} TEM-29] S =& TEM-I,
TEM-2 2 TEM-132 A| 23t TEM3E B-lactamase= &
=7} ESBLO|tKBradford, 2001). TEM-1& 12H-8A4]
Aol A 718 &3] #2tE]= plasmid w7 B-lacta-
mase=, E. colio]| A ampicillin YA 2] 90% o]A}o] o]
849 AT THo] Qltk(Livermore, 1995). TEM-
1162 TEM-1 S-F A2 A7 A 842} 1849] A valine
o] isoleucine .2 alanine®] valine©. 2 Ho|S Ho 1}
Bl a43 07 FUY oA+ Jeong 5(2004)0] 2002
| I g oA BeE E coli®t K. pneumo-
niaeo| q Hz2 Bustgor}, SR Reld E
coliol| A blaremiis 734 0l 7t B al= o|f tof
A Aoz FRIEUA

2| AIAIA S 2 CTX-MT ESBL-2 AR Hhoj

ZEAE Eivl Ea1 QO u(Brifias %, 2005;
Carattoli 5, 2005; Meunier, 2006). =4 HEo= A
=008)0] 7+ S} YA E colio] A CTX-M-15
£ B, Lim 5(2009)> £9F 7oA 2%
E. colio| A CTX-M-148} = x|of| A EE|= E. coliof| A
CTX-M-15& HIslgon, A 5201002 HATA
oY FEoA EElH E coli Y E. fergusoniiof 4|
CTX-M-155 H 13k v} Qlch. 2 Ao A= =9}
S el E coliof A CTX-M-157} 22| %o] =W &
M= F2 CTX-M-15 fFHFo] TS e
S 9Tk, CTXM-1S $741= CTX-M30] 1]
QF wjwstH P74 Y 240HHA] aspartateo]| A glycine
o= 17]9f ofmjiito] gk AAZH o] ALk
02 CTX-M3 Akt CAZo|| tigt 84S 234
ZITHKim, 1998; Pai, 2001; Paterson} Bonomo, 2005).
ol FAFIAE CTX-M-15 A4t CAZHTE
CTXo|| & MICE Yehd T} sAof HA|AdHF o=
sRelEfo] o]& thAIWA ESBL AM¥w 72 &d& 4
oA o A mofAS] Ao ofEEe & 4 AUtk

g, o] 2AKA &, 2008)l A 7 el oA
oA CMY-2 F4419] HEs Halgh HE §le
HAF tHtolA S SHY §44 HE d+=E o
2t 4009 7F-dl 209120 5.9%9 A SHY fHA-E
2k31 Q= Ao 72 B O (Park &, 2007) 2
Toll A CMY-2, OXA % SHV 59 f-3x= H=E5
A ool thE BE FAZ Hlth

Aol ofsl ESBL A4d+t=2] WA = 2z A
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of & AdE sho] offier & ARE Aok

SAlRt 3775 & WA @ Aol 4 15
7} ESBL AAwt2 = on, HA] - o+
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