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ABSTRACT - Distribution of foodborne E. coli strains, antimicrobial resistant genes and antimicrobial suscepti-
bility have been carried out on E. coli isolated from commercial and cooked foods distributed food in Seoul. Of total
1,313 samples, fifty samples(3.8%) were found E. coli that included one of the ETEC and EPEC, respectively. The
serotype of ETEC in seasoning raw meat was E. coli 026 and produced Verotoxin 2. Fifty percentage of total isolates
were susceptible to all antimicrobial agents. Specially, there were ampicillin(36%), amoxicillin/clavulanic acid(32%)
and tetracycline(22%) etc. Resistant gene (tetB) were found in four tetracycline resistant E. coli strains, and TEM gene

was found in one ampicillin resistant E. coli isolate.
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20109 1958 697HA AMEAWAAA FEEe 2F
AFRAGaFHEFA 2 2] e F T 4 7HE
o MeARASAATAoZ AAL o H AFolA B
2 gt 5075 AFUGoR STt AAL tide] €
AFES BT 1313708 Ay A=A 55 TS 5
AAFAE 6357407 M Bton, HAYATAA
AFEE ZEo40] 37474, AXAAE 1157, Zu|A

R 857, ZRIAE 774, Ak 144, SR 137

FAA S dBHS A AT A +4s) 5t
g3}t 37019 9mL EC broth(Difco,
USA)ol AE-88 1 mLAS 712 &3l 44°CollA] 244
ZF i - 7kl o491 739 EMB IR (Difco, USA)
o HE3sted 35°CoNA 24A1 71l SHATE EMB B ] ol A

Table 1. Antimicrobial agents used in E. coli strains susceptibility test

AFA Fete ®elste] BEIHuA ] F5uld
API 20E kit (BioMerieux, France)S AM&3to] 57

P BB

FAA 7 A8 Clinical and Laboratory Standards
Institute (CLSI) guidelines®ll €]3}| disc diffusion methodZ
the-3} 7ro] A&kt Mueller Hinton broth (Difco, USA)
oA Xgeld B #9e] FEE MacFarland No. 0.58 =
2 3]4J3}¢] Mueller Hinton agar (Difco, USA) < 31|
et 7S HES A A2oA of 587 A
ZA1Z1 % disc dispenser (Becton Dickinson, USA)E ©]-&
3 16%52] YA t]2~=(BBL, USA)ZE F 7H9] plateol] L}
ol EFaL 35°ColA st vl gt th(Table 1). 7t
Al ek AAH =71 zone reader® 7935k CLSI
guideline @t 7Hrd 2 WAS g8kttt

4 Tryptic soy broth(Difco, USA)®l
A 37°CE 4X7+ R Wi F3laL, Cole] el wel DNA
£ FEo. S+t e 7HdE 1 mES microcentrifuge
tubedll $7 14,000 pmol| Al 1087 FAlE-2] skt 42
A 05mlS MEL tubed] =713 03mle PEG (20%
Polyethyleneglycol 8000, 2.5 M NaCl)-&9-& F7}38 t}2

(

Antimicrobial agents Class Concent'r ation Zone diameter(mm)
(ng/disc) Resistant Intermediate ~ Susceptible
Cephalothin(CF) Cephem 30 pg 14 15~17 18
Ceftriaxone(CRO) Cephem 30 pg 19 20~22 23
Cefoxitin(FOX) Cephem 30 pg 14 15~17 18
Gentamicin(GM) Aminoglycoside 10 pug 12 13~14 15
Kanamycin(K) Aminoglycoside 30 pg 13 14~17 18
Streptomycin(S) Aminoglycoside 10 pg 11 15~20 21
Amikacin(AN) Aminoglycoside 30 pg 14 15~16 17
Ampicillin(AM) Penicillin 10 ng 13 14~16 17
Ticarcillin(TIC) Penicillin 75 ug 14 15~19 20
Amoxicillin/clavulanic acid(AMC) B-lactam/B-lactamase 20 pug/10 pg 13 14~17 18
inhibitor combination
Ampicillin/sulbactam(SAM) ?nlll?]:i‘:rl/ fmlz;tli‘:;‘zz 10 /10 g 1 12~14 15
Chloramphenicol(C) Phenicol 30 ug 12 13~17 18
Ciprofloxacin(CIP) Quinolone 5pg 15 16~20 21
Nalidixic acid(NA) Quinolone 30 pg 13 14~18 19
Tetracycline(TE) Tetracycline 30 ug 14 15~18 19
Trimethoprim/sulfamethoxazole(SXT)  Folate pathway inhibitor 1.35 png/23.75 ng 10 11~15 16
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vortexsled 37°C 7ol € 1087+ AXg 5, 14,000
pmOll A 153E7F AARE] & o ASHS AASA
DNA HHAES 70% Ie-E 1 mlZ AlFs}ar, zhe] o g
=& A7 5, DNAS €Hd3] 29 o 0.1 mle] 24
SFHFE YL vortex 3L 60°COA 1057F 35<1 3 14,000
pmol A 1087F 9AEE| e & PCRe] DNA templateZ
ARE-sA T

Bed tirde 18X 24

E. coli detection kit (Genet bio, Seoul, Korea)E A3l
multiplex PCRZ 5714 B tidd A4S 24135
t}. E. coli detection kit®] mixing condition 2X E. coli&
premix solution 10 pl, Template DNA 7 ul, primer mixture
3 ulZ total volume 20 plE 3F12™ PCR conditionS Th2
I A 9Coll A 1027 AR7EERE F 94°CellA 30,
62°Coll A 20%, 72°ColA 40%Z 35 cycles AA|&FAL, 72°C
oA 5%7+ RES-3A k. PCR HH-g-H-2 1.5% agarose geloll
A 771953t 54 WL tidt FAA SAE=A
821319 TH(Table 2).

I W X 2
t2=33k Ao 93 1659 YA A ANd A
WAol A YeRd Ampicillin, amoxicillin/clavulanic acid,

tetracycline 5 379 FWAE o= g Fda &

X5 AL St BE PCRO SEHEH L 0.5% ethidium
bromide”} F71E 1.5% agarose gelollA] A7 95S AA|
st MEE ERlskt).

Ampicillin

B-lactamA] Aol gk W2 45 218l blag,
(F:5-TCG CCT GTG TAT TAT CTC CC-3', B:5-CGC AGA
TAA ATC ACC ACA ATG-3'), blay, (F:5'-GCA GCG CCA
GTG CAT CAA C-3, B:5-CCG CAT CAA ATG CCA TAA
GTG-3") blay,,(F:5-GAG TAT TCA ACA TTT TCG T3,

Table 2. Target genes and PCR product size

Classes of Pathogenic

E coli Genes Product size
EAEC ageR 122 bp
ETEC ST 168 bp
LT 394 bp
EPEC eaeA 260 bp
EIEC spa 331 bp
EHEC VT 1 520 bp
VT2 650 bp

Abbreviation : EAEC; Enteroadherent Escherichia coli, ETEC;
Enterotoxigenic Escherichia coli, EPEC; Enteropathogenic Escher-
ichia coli, EIEC; Enteroinvasive Escherichia coli, EHEC; Entero-
haemorragic Escherichia coli., ST: heat-stable toxin, LT: heat-labile
toxin, VT: verotoxin

Table 3. The nucleotide sequences of primers for targeting tetracycline efflux pumps

PCR annealing and

Genes Primer extension temp (°C) Amplicon size (bp)
5'-GCG CGA TCT GGT TCA CTC G-3'
tet A 61 164
5'-AGT CGA CAG YRG CGC CGG C-3'
5'-TAC GTG AAT TTA TTG CTT CGG-3'
tet B 61 206
5'-ATA CAG CAT CCA AAG CGC AC-3'
5'-GCG GGA TAT CGT CCA TTC CG-3'
tet C 68 207
5'-GCG TAG AGG ATC CAC AGG ACG-3'
5'-GGA ATA TCT CCC GGA AGC GG-3'
tet D 68 187
5'-CAC ATT GGA CAG TGC CAG CAG-3'
tot E 5'-GIT ATT ACG GGA GIT TGT TGG-3' 61 199
¢ 5'-AAT ACA ACA CCC ACA CTA CGC-3'
5'-GCA GAG CAG GTC GCT GG-3'
tet G 68 134
5'-CCY GCA AGA GAA GCC AGA AG-3'
5'-CAG TGA AAA TTC ACT GGC AAC-3'
tet H 61 185
5'-ATC CAA AGT GTG GIT GAG AAT-3'
5'-CGA AAA CAG ACT CGC CAA TC-3'
tet J 61 184
5'-TCC ATA ATG AGG TGG GGC-3'
‘ot ¥ 5'-ATT TGT ACC GGC AGA GCA AAC-3' 68 181
¢ 5'-GGC GCT GCC GCC ATT ATG C-3'
1t Z 5'-CCT TCT CGA CCA GGT CGG-3' 61 204
¢ 5'-ACC CAC AGC GTG TCC GTC-3'
'-CAT CTT GGT CGA GGT GAC TGG-3'
et 30 5'-CAT CTT GGT CGA GGT GAC TGG-3 68 210

5'-ACG AGC ACC CAG CCG AGC-3'
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B:5-ACC AAT GCT TAA TCA GIG A-3"%] £Z£& 95°C
oA 15%7F of|H) 7183 3 94°CollA] denaturation 303, 58°C
oA annealing 30%, 72°Coll 4] extention 132 30 cycles 2
Al8taL, 72°ColA 10327F RE-S-SFATHY.

Tetracycline

Tetracyclined] @A that U1 f-d215 efflux pump
o} AAH ter 4, tet B, tet C, tet D F-HAA+2] primers Table
33 231, PCR T3 94°ColA] 587 of|v|7FE s & 94°C
ol A denaturation 5%, LZ]3L Table 3o BA|SH 2= =
annealing 30%Z 25 cycles 2AISIA, vIA9t AR annealing
w9} 7o 2w g 1087 WSS THO.

e B8% 7% AME
Brain heart infusion agar (Difco, USA)ol| & &3}

18-24A17F ¥ F @& FFA Aol FFsA Fof o
TS AZEAL, o] #HE slide glassol] EHTHE A
== g+ O &% (Denka Seiken, Japan)S &% 3

el g HRE BHY $HL

= AN

I A8 R UHW

2010 A7) frE A FolA EEE oo A
A A A AT 50%R] 253 1659
FAA ] gk WS Holx] eFgkom, 7} aAA o gk
W3S ampicillin (AM)°ll tigk WlAdo] 36%=2 7F8 =%
© ™, amoxicillin/clavulanic acid (AMC)3} tetracycline (TE)
o WAdol 7+t 32%, 22%3iTh. o594 WA FdE BT
17714 ol o, 24 WS 7k 97 F 8#F7t

Table 4. Distribution of E. coli isolates and each samples

No. of E. coli isolates per each

Products samples (%)
Ready-to-eat food 34/635 (5.4)
Cooked food 11/374 (2.9)
Fresh ready-to-eat food 3/115 (2.6)
Seasoned dried marine product 2/85 (2.4)
Seasoning food 0/77
Processed Fruit & vegetable
product ¢ 0714
Salted seafood (jeotkal) 0/13

Total 50/1313 (3.8)

AM - AMCell A& B THFig. 1, Table 5).
I W Xt BE

B-lactam| 2P| LHERHX 2L

A g A A3 AMIF AMCOll WA S Zh=
20455 AL Z B-lactamAl A WA FHAEEES
BUEE g A3} 17FlA 857bpe] A71E 7H:l TEM
AR AEHJ o 2 9] fFxs AEHA Sttt

100%u= -u

80% L

60% | .

40%

T

|

20%

0% — = Y
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O Susceptable H Intermediate OResistant

Fig. 1. Antibiogram of E. coli isolated from Commercial and
Cooked food in Seoul. Abbreviation : NA; nalidixic acid, GM;
gentamicin, CF; cephalothin, TIC; ticarcillin, S; streptomycin, C;
chloramphenicol, CRO; ceftriaxone, SAM; ampicillin/sulbactam,
SXT; trimethoprim/sulfamethoxazole, AM; ampicillin, AN; ami-
kacin, TC; tetracycline, K; kanamycin, CIP; ciprofloxacin, FOX;
cefoxitin, AMC; amoxicillin/clavulanic acid.

Table 5. Multiple drug resistant patterns of 50 £. coli strains

Multi drug-resistant patterns No of Isolates

None 25(25%)
NA 2
AM 1

5 (10%)
GM 1
AMC 1
NA-TC 1

9 (18%)
AM-AMC 8
CF-AM-AMC 1
TIC-AM-TC 1

4 (8%)
CF-AM-TC 1
S-C-TC 1
S-AM-TC-AMC 1 1 (2%)
NA-S-AM-TC-AMC 1 1 (2%)
NA-S-AM-TC-FOX-AMC 1

2 (4%)
NA-TIC-S-AM-TC-AMC 1
CF-TIC-S-AM-TC-K-AMC 1 1 (2%)
NA-CF-TIC-S-C-SXT-AM-TC- |
K-CIP-AMC

2 (4%)
NA-CF-TIC-S-SXT-AM-TC-K- |
CIP-FOX-AMC
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Tetracycline LA SFX}

FAA A A A3 TCol WAL Zhe 11355 O
Ao TC WASAAY] ¥ E RUHY 3 25 44F
(8%)PMA terB7t AEEAIL 1 9] A= AEEA] Ut

Ig.?;_])g [HXP =2e| 2 d¥A %ng

2]ZFo| A Hel3t 5049 RIS ez HAaAd
o FHEE A 23 vero toxin 25 A4 AEIA
Q& 026 17, eaed FAAE 7H] A Addud= 174

o] 74

S5
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o, g5 Al 9 Aes A
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= bl
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20101 1978 69714 AWM 55
FoE AN B AFE AldS ZEYUEA g
78] AME F 50719 ti+te] HEEUeH, o
g AEFS FIEE AnEd A S35
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< Btk olF 304 wElE it Folle VIRE A
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< Yo7y g2E AY3E AYste 54 Adse
Shlga toxin-producing E. coli & sht= A A AlAH S
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AP o A m]x lt 6&01 25 el 5 A&
o=z A AHEd ZhHs] AA % A ofg ol

=] A5 AE E} A FlM sk Al
gk A WA A3 WA Eol v = vehta
JomP, 53] o] B ArATE Sl BAddel

AXY AAlolE A-eM AlTEHE 5243 X7
W o] & F/<Q EAECT Zte 579 f47
A eastiF} aggRel HEE Hi7F YA, o]x7 EAEC
FA2k= oln] FSeA AAUTL FHD 5 37 o
o, & A7els AEAWel Frese AFelM 22
il Tﬂﬂﬂol FAAWIES EAECE PI=T HAAd i

o] FHA} LxO Hste] ARSI 22y AY A
EAEC f32hks A= HEFA Ut 1285l tisd
:/_al- 9_/\4;7_0] E COlloﬂ r,Hfs]. sugxq] A /\]34 Ai}=
A2 2 UA] FAAA e} opn]| =F] A=A FAA o] =

=okow AA 32 50%e 16714 A8

T amTr

of =¥ S Bk Aol A vehd Al o
g WA fAA BEXE AR, H2 59 A
AFAA NN B2 == E coli® 70%¢]7¢e] ampicillin®]
WAolw 2% RS TEM-1 o 93+ Zolghs Barf
ARQEY AT A3} TEMo] 1704 HEHRLH, H)
Egpio| 29Al A WAEFAA FoAM= felvtetol
A s BAEE T/ teB7t ddFolM AEEHAS
w Solxlge g

AEAUAA FERE At 5
& ERhel 2YNES WHOR AFE 97 B4 8
e e e 25, 2o

2o
o

A ABE Bk o590 WA g Fetsta, g
At Azl EExE dolr gtk B 13137
o] WZ = 50704 Ao HAEE o 3.8%] AZES
HYt) o] $3) 1AM AEIAANAT 026 14, A
I 2 =5k 50719] T

AN 1d0] 22 ASH Y
7% 50%7F 1652 FAA BF FAES Blom U
ol =A Yelhd FAA = ampicillin(36%), amoxicillin/
clavulanic acid(32%) L] tetracycline(22%)2] =]t}
ol 59| WARHA EE= TEMO] 17, terB 4710] 242+ 7
=5 A}
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