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Abstract

In this study, a total of 2,119 samples was taken from bovine feces and carcass from March
2002 to December 2003. And those were examined for the presence of enterohemorrhagic E coli
O157:H7. The properties of the isolates were characterized for biochemical features, serotypes,
virulence genes and antimicrobial susceptibility. Forty five strains(3.796) of E coli O157:H7
were isolated from 1,208 fecal samples and were not detected in carcass using
immunomagnetic separation technique and selective media.

In multiplex PCR using stx/, stx2, eaeA and hlyA primers, the amplified bands at 180 bp, 255
bp, 384bp and 534bp were observed, respectively. In antimicrobial susceptibility test, all
isolates were susceptible to amoxicillin/clavulanic acid and cefazolin. The isolates were most
resistant to sulfisoxazole(24.4%), followed by streptomycin(22.2%), tetracycline(20.0%). Eight
strains(17.8%) of 45 isolates showed the multi-resistant patterns with over 3 drugs.
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E coli O157H7 93 d#A4o] glkn Bm
A, o] Fo] AESL BN A 78
dte] 1996 d0llE 19te] o] Faprl A3
3 11%0o] APgdte 28 E coli O157:H7S Al
ARoz FAL Bdesla old g 4+
7t @8] FAF AP, SeluEo e 19949
o Hxz FYEAQAAN HARRZRE E
coli O157°] ¥J=Qcty B v gle}’.

E coli O157:H79] 7V $8.3 WY At
+ shiga toxin®]9, o] E4 & vero cellol]l M X
ENEHE UYeheZ U9 verotoxin®|Bti
= 2AP agy ax Al ¢s®
shiga toxin @EL 2 E coli O157:H7 &9
7188 dehlA ek 97t won®,
7 eaeA FARI gBE 0] FAGH A E
attaching and effacing(AE) W& do7dl+=
Az} AlyA FAz] FEEHA ZE W &8
& dode AR} FEo g Fgdor Frin
?—,_:-]’3:]211 9\1‘:}10~11)'

7}& 7189 &% E coli O157H79) 7F% &
23 HFFEE FHu gen? wme 4
% A, Alg, H, AWR SolME o] Fol
AEEdn Buse g FEE] o] #9
BRE&F A8e st Aoz AA=a gn?
AT EAGEYAZ E coli O157:H72 8
Aol gz Eoprtm UeH?

B d7e HEEERdA E2H e A%E
49 EHH =R ZREH IMS7EE& o] &3k
E coli O15TH7E #8&tm, T disl
A3eta A4 2@ multiplex PCRE & o] &3
HAA FAAE ZAetL, GAAC B
FAE HalnA A

e 9

1. E coli O157:H79| &2l

D A=AF : 20023 3¥FE 20033 12€9
M ME&A] AA &M =&FE & B
1,208 ¥ A%A 9110 tidtd, 2o EH
5~10gS E¥A43 871(Greiner, Germany)ell
AFH s, 49 =N FEHE easy swab(Komed,

Korea) 2.2 swabingdle] 20A17F Wiel] A&
AHE-8 T

2) Immunomagnetic separation(IMS) 7}
e o]-43 Fid

STl . AQFHF ol novobiocin(20mg/
2)°] 3718 Modified E coli medium(Merck,
France)S 10838 W& ¥ Z &jtslo 37T
AlA 18~20A13F X& v I3 Th

Immunomagnetic separation : ZE Hj %A
< & et IME dUEZEIHFH Yo
% E coli 015787} =¥ ¥ magnetic bead
2 0mE B3 2087 ALoA wutsie]
SAZAY}. wvtE HEE Magnetic concen-
trator(Dynal, Norway)°l] 5%3F 223A)# 3¢
73 AFE bead® AT PBST0.05%
Tween 202 78t phosphate-buffered

- saline, pH 7.2) 1 Yol AHsATt o] 3%

S 2~33 WHESE ¥ AM3HE beado] mEC
medium 50408 BolA F/A171 F HdE ©
2o°2 Chromogenic medium(O157:H7 ID
medium, Biomerieux, France)® CT-SMAC
(Merck, Germany ; cefixime 0.05mg/?,
potassium tellulite 25mg/¢ A7Nel 42 =
Dated 37CoA 18~20A13F wiFstct ok
g AFHQ FFEE ANFH] E coli 0157
latex test kit(Oxoid, England)2 -3 ut-g-#A}
£ 93, NS e R FEgs
MacConkey agar(Merck, Germany)ol] X Zuj
Fste] lactose £33 e S 1A

3) Aststy A3

MacConkeyoll A ¢#218 &L Tryptic
soy agar(Merck, Germany)d] Aistd &=
A AFHs 085% NaCl medium(Bio-
merieux, France)?| ¥-fAl712 McFarland
No. 05 ¥§x=2 =33 ID 32E A E(Bio-
merieux, France)oll &3l 37ColA 18~24
Aol vt ¥ A5 o] AFE F
8] ornithin decarboxylase ¢ 31F°] i3 ¥
gl FEINTY 48T 18 71EA
2 Toll dig sty d4S FAkYL
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FrHE 100TolA 30~6087F EJT) olojA
Ao 23 HH{AL 085% HIFE
MacFarland No. 3 858 ZFsn 2 Fdd
HAFE5E7} 05%= A formalined A7}sl%h
2 g 0157383 (Difco, USA)S 1:20%-E
1:1,2807HA] Aldgd3ta, 0.85% 2195 0.9md
E A MA Alddo] 9u Uz 7 AlE#
e 05mE Hol AddEaME AN &
e Mo T ANdTYE Hrlstn & 4
olF F 48~50TH FE4Zo] YoiA 18~20
A HAIAN o S E Edsirh
H 383 ¢3uke : 0157 33 Sxw$
ol A FAWHSE B FFoll e AASHAT
Aol ARZEAPE FZA7)7] A8t Mo-
tility test medium(Becton dickinson, USA)el|
3~53] AU o2, Aduigd TFE
Veal infusion broth(Difco, USA)9] Al HE
sfe] 35~37CollA 6~8A1ZF wjFslH o )
FE AT HF FEIF 03%7F HEES
formaling 7ot &3 T oF 3083 X
NZAT oleld H7 ¥ AH(Difco, USA)E
0.85% Ad<E 1:5000] A FAsta 03~
05me< Alg o] B85, o7 %03

~05mp)e] FHlE dHE ol £ H 50
Tl g2z 1A% <

AU E B
2. Polymerase chain reaction(PCR)

1) TAEF

28R A Beld E coli OI57THT 4H6FE
FANBIF oW stxl, stx2, eaeA 1B I hlyA
FANE B4 EFE &F E coli OI5TH7
(ATCC 438M)& FAIstAtt

2) Genomic DNA¢®} &

4 ¥2FE Brain heart infusion broth
(BHI; Difco, USA)ll ZHF3ted 37CollA 18~
24X W GA Ik H =2 T FHA B
3ot 2 F 12,000rpmol| A 283 YA 283t
o Ao]A pellet& phosphate-buffered saline,
PBS, pH 7.2) 500 = 23] M3 Z &7
2000 A F-73kaL, 100CANA F 1083 2
T A dgoll "@2ivdrt, 12,000rpmell A 28-3F
AN AAA dojA FEAL AR

3) Primers :

20X B E E coli O157:H7 4559 th3}
o WA AAE LZ 3= stxl, stxl, eaeA,
hlyA SRRl W@ primersE ulo] Yo}
(Chungbuk, Korea)ell Az o]2]sla] FA15HA
t} Ztzte] primeroll thdF sequence$} oA

Table 1. Primer sequences used in the PCR and the expected sizes of products

Primers® Sequences(5'-3’) Targets Size(bp)
stx1F ATAAATCGCCATTCGTTGACTAC stxl 180
stx1R AGAACGCCCACTGAGATCATC
stx2F GGCACTGTCTGAAACTGCTCC stx2 255
stxZ2R TCGCCAGTTATCTGACATTCTG
eaeAF GACCCGGCACAAGCATAAGC eaeA 384
eaeAR CCACCTGCAGCAACAAGAGG
hlyAF GCATCATCAAGCGTACGTTCC hiyA 534
hiyAR AATGAGCCAAGCTGGTTAAGCT

? References :

Adwan et al.m, Hu et al.lS), Paton et al

17)
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€ %% DNA Z7|& Table 19 7]&st3ich

4) PCR =3

2149 template DNA, 1tM9] Ztz}+e] primer,
25mMe] dNTP mixture, 10X PCR buffer 5
@, 25U Taq polymerase(TaKaRa, Japan)&
gol] F 8o 50ue] HA AAetact H4
A SRR stxl, stl, eaeA B hlyAE &3
7} 9% PCRe 35 cycleS AAslHod, A&
10 cycles2 95C 1%#3t denaturation , 65C 2
B2t annealing, 72C 1% 30%3t extension¥}
& AAslen 15 cyclesE annealing &
TE 60CT7HA &4 AAsden, 5~3H
cycle2 extension AlZbE 25% 22 HAA ¢
g3ttt vpA 9] extension 5E2.E IR
. PCR WHZAME2 2% agarose geliolA]
100VelA 3087 A7j9E}F F  ethidium
bromide(0.54g/m) 2 FAdte] &lstgitt,

3. SN ZHTdAA

AWM ®a" E coli OI5TH7 4635
National Committee for Clinical Laboratory
Standards(NCCLS)9}3] 58 t]x=3a Fiby
o o8 APstRcH®. g4 ti23E BBL
sensi-disc(Becton dickinson, USA)& A}-&-3}
o amikacin, amoxicillin/clavulanic  acid,
ampicillin, carbenicillin, cefaclor, cefazolin,
cefotaxime,
colistin, gentamicin, kanamycin, streptomycin,
sulfisoxazole, tetracycline, trimethoprim/
sulfamethoxazole®] 16%9] Ao g 7+
FE AAEIYE T Tryptic soy agar (Merck,
Germany)°llA} AFgr 4~5702] F&-& Mueller
hinton broth(Difco, USA)ol| ¥-%A17]3 Den-
sitmat(Biomerieux, France)71 & gz}
McFarland No. 057} 5| =& 233 thg &
& Mueller hinton agar(Difco, USA)d| =%3}
3 3~587 AZAZAY. 1 ¥ Disc dis-
penser(Becton dickinson, USA)E o|-&38}o ©}
2385 §A4 A3 37CAA 29 F< w3t
HEAANE FH e

chloramphenicol, ciprofloxacin,

et

1. E coli O157:H7 &2}

2002 3¥YRE 20033 1297141 & B9
1208343 =4 911Ao] thste  immuno-
magnetic separation”’| 822 E coli O157:H7
o] B2 AlEd ul, &8 o 2 HE 45(3.7%)
F7t AEHA AAZH R A8 FEA E
coli O157H7L Eele} Ao #AF 43
F7} olRolA glem T Hage TEo
Z59 U o1& 374 ol ggsiA B
25)Ach Bonardi $%& 49 E®dA E
coli O157H79] ¥El€°] 131%°lUx,
Heuvelink $2& 4-9-9] B34 106%, &
ol A 05%, UolA 4.1%, A A
14% a3ln AWz WA 13%7} 25
Ackn Bastgch Lahiti e WA
1.31%9] E coli O157:H70] Z+4 Bj5va
Bustgch FUdME 2 $20] 4t x|
oA 47} 076%9) 051%E ¥ 2agk
v 9lm, 8 %o HmrloN 24(11%)E
223 o7t Ak

o A

o

N
HT
AL}
ET
lo
0=
Job

of
J2
0x
0z

a
ek

3

d

el| 4559 E coli O157:H79] tia) 3+
AqF, E288% 2 JFAIEE HAAE 4
7}, ornithin decarboxylase, lysin decar-
boxylase, galacturonate, phenol red, maltose,
a-galactosidase, glucose, L-arabinosel] A+
457 BT GRS Bt Mannitol& 43
F(95.596), indol2 443+(97.7%), saccharose:=
205+(44.4%), trehaloses= 8F(17.8%),
rhamnosecll A & 23(4.4%)7} FAHe-S el
Ytk 2 99 arginine dihydrolase, urease,
L-arabitol, 5-ketogluconate, lipase, B-
glucosidase, adonitol, palatinose, malonate,
N-acetyl-B-glucosaminidase, B-glucuronidase,
a-glucosidase, inositol, cellobiose, sorbitol, a-
maltosidase, L-aspartic acid arylamidase©i]
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i e 4H6F 25 848 YehiA ekt

3o sty FYHFEL o] _F SINS
S ANF AR 45F BT 0157 A 23
HAct. Motility test mediumel|d 455 =%
TFARAE Yl e, H7 3ol ks
< B2y

E coli O157H72 sorbitolS &3 8}x] &3}

3 B-glucuronidasedll thg A Holx] ¢&
£ 540 3lorm Y& E colist vag o
omithine decarboxylase, arginine dihydrolase,
usease®} 5-ketogluconateo] WaM= AJ3}st
Aoz v #€A4E& Ro|w, adonitol, D-
arabitol, trehalose, rhamnose®] W3 & thi
e e Jdehdth ¥ B AgdA ®ald
HFE 25T sorbitold v:?SH 82 Zstx, B-
glucuronidase©] #4d-& Ho|z| go} AFZ<
E. coli O157H79] 34E EYh

3. Multiplex PCR

HhY AAE ESdte stxl, stx2, eaeA 1
A3 hlyA FAAE A3 Hstd E coli
O157:H7 455) ti3ld multiplex PCRS A A]
3 A= Fig 16A19} o] 180bp, 255bp,
334bp & 534bp 279 FEALEC] @Fo| w
2} gekstAl velbsdth

45—7{'4 RE BIUFE eqeAd hiyA FAR

7}1} Anew, stxit A Ye B
E 1322%), st2 FAARE 7M1 e

v‘?_—al—’ﬁ-% 21F(46.7%), B3 stxl# sb2E
FAl MR e BEFE 18F40.0%)=
vehgtes, stxI® sb28 EF 7K1 A
28 HIFE 55(11.1%)°] A tHTable 2).
BUA Aze] EXEE 99k o] 4714
#3802 FEEH Hu '“S3 Patond} Paton™

Fig 1. Muttiplex PCR patterns of £ coli O157:H7 isolated from the feces of the slaughtered cattie. Lane
M : 100bp DNA ladder, Lane R ; positive control (E coli O157:H7, ATCC 43894), Lanes 1 to 12

i E coli isolates

Table 2. Patterns of the multiplex PCR of 45 isolates of £ coli O157:H7

No of strains

Multiplex PCR assay

Organisms

isolated(%4) stxl stx2 eaeA hiyA
E coli O157:H7 5(11.1) - - + +
E coli O157TH7 1(2.2) + - + +
E coli O157:H7 21 (46.9) - + + +
E coli O157:H7 18 (40.0) + + + +
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o} FARIA L meks iy BeF
E& AA A ZGA] verotoxing AJitete] B

4 BAY + AE Aol kn Bzeh
4. SHAF UM

E coli O15T:H7 4550l Wi3slq A g
AAALE AAG Zdide Table 33 2t
Amikacin®] 15%92] FAA ZA amoxicillin/
clavulanic acid®} cefazolin< 45F(100%) 25
oA ZAeAdE vellen, cefotaximed}
colistin, cefaclor, amikacin2 445(97.8%)0l A
A4S BAY. 7FF o] A #Ee ¥
A= sulfisoxazole2H 455 FolA 11F
(24.4%)7} vebsto ] streptomycinellA 105
(22.2%), tetracyclined] A 95(20.0%)7} WA &
=K 4=

2 F F I7HA o] ga3Ale diA W3S

Jehd AL 8F(178%)°1 e, o F 13
(2.2%)+ ciprofloxacin, cefotaxime, strepto-
mycin, colistine, cefaclor, sulfisoxazole,
gentamicin, amikacin®l], & & 2F(44%)=
streptomycin, sulfisoxazole, ampicillin, kana
mycin, carbenicillin, tetracyclinedl], 25:(4.4%)+
streptomycin, sulfisoxazole, gentamicin,
ampicillin, kanamycin, trimethoprim/ sulfame
thoxazole, chloramphenicol, carbenicillin,
tetracycline?l], 28]1 3F(6.6%)+= streptom
ycin, sulfisoxazole, tetracyclined] thAlWAd-S- 2+
Z 24t

Meng $7& 4% AT AEAA E coli
O157H7S £alstd A Z-dAdAHE HA
@ A3 BElFolA 24%7F HAF 1744 o4
9] Al WS BYoH, 19%7} 37HA] &
3 ol FAAlel WHE Eim, AdA

Table 3. Antimicrobial susceptibility of 45 £ coli O157:H7 isolates from the feces of the slaughtered cattle

No of isolates(%)

Antimicrobial Disc potency(ug)

agents Susceptible  Intermediate  Resistant
Amikacin 30 44 (97.8) 1(2.2)
Amoxicillin/ 20/10 45 (100.0) 0(0.0)
Ampicillin 10 40 (88.9) 5(11.1)
Carbenicillin 100 37(82.2) 4(8.9) 4(8.9)
Cefaclor 30 44 (97.8) 1(2.2)
Cefazolin 30 45 (100.0) 0(0.0)
Cefotaxime 30 44 (97.8) 1@2.2)
Chloramphenicol 30 43 (95.6) 2(4.4)
Ciprofloxacin 5 44 (97.8) 1(22)
Colistin 10 44 (97.8) 1(2.2)
Gentamicin 10 42 (93.4) 3(6.6)
Kanamycin 30 41 (91.1) 4(8.9)
Streptomycin 10 33 (73.3) 2(4.4) 10(22.2)
Sulfisoxazole 250 34 (75.6) 11(24.4)
Tetracycline 30 36 (80.0) 9 (20.0)
Trimethoprim/ 1.25/23.75 43 (95.6) 2 (4.4)
Sulfamethoxazole
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g FFA WA Sl U%E 7VF o
9o, ol 7t 4AEIH A5
Hog B3 FAA 7L Lol WAEES
olttm Haatde}l. Schroeder £%-& tetra-
cyclinesl|A] 27%, sulfamethoxazoleol A 26%7}
WAE 2w, 371A] o]/de] kAl thgt oA
Aol 15%2 Buste] & AlgoA dojzl o
AN B1=(16.2%)9F FAFEA T Threlfall &
Mo AE)A Bl E coli 0157: H79] oA
WAL =2 Ho| oY} streptomycin, sul-
phonamides L8] 1L tetracyclinesoll & WA &
o] A Jeldtln Emslgi, o HAge
19943 o132 A& Freta Utk A
t}l. E coli O157:H78 7V4 &3 WARIEL
streptomycin-sulfisoxazole-tetracycline®] 1.2
o5% g d7olq vehg AR H AL 9
2} st ot

Dupont 5] 944" o2 EHEC #Agdl 7}
A7 YA A4 BAe) FA47F HUSE 3
He A =] 93] 2d27)4 trimethoprim-
sulphamethoxazole 59 X|&7} §-&3tta B
R3F oY, FAA o AL AT &FE oF
718l Al shiga toxing FEA1E 4 UL
o 53] fluoroquinolonesZ< A H-$-
shiga toxin®] FAx H@E fF=3lq FAE
%3N F= ltka AFG b A,

SFue B A9 BWAAMY E coli
O157H79] #el&L 939 Hikue 24
yelton, 4o §3u AE d3eE |
€ AFdolY HAEFS el YWEAEe] Fo
HIog o] ¢ 93 AArtsAel HA =
oA & FAolt}. ol wa 2F=9 o ¢
tAR FAtEe] AAE HAdd E coli
O157H79] X432 AASY} oo e =53
o YA Asld H& FMof T AR
Als gk

it o |

2 £

2002\ 3¥EE 20033 1297}A] A €A =
Z3A A W 120859 =AEH 911AE
AHAsd E coli O157T:H7e E2E AA A

t} B2¥ 4650 s g 9 A

ZAAFE A8, multiplex PCRZ W94 <1

e AEsn, EaFd g FAARGGA

g AAE v g2 e A9E AU

1. Immunomagnetic separation(IMS)8& ©]
g3lo] 1208719 AEWoZRE 4HF
(37%)8] E coli OI57:H7°] #EHU2,
911749 A& EANERHIAE = EaElH
2] e¥sket

2. #2148 465 U3 A3 HALE AAl
g Ax 4HF 257} sorbitolE B3 EA
23}31, B-glucuronidased] E4& Ho]X|
%ol A¥HQA E coli 0157H7Y A38&
B, EelFo] g Y S o83 &
Hube-g AR 27 4560 25 A Yo
Q157:H72.2 Jehgr}

3. 46579 EEFo & HAYIAE &=
e stxl, st eaeA L hlyA AR
3 multiplex PCRE QA% A3} eged
&} WyARAAE 456504 BF HEHA
I, stxItg BRE EeFe 15022%),
st2itg 7R BelFe 215(46.7%), stxl
3} st22 FBAY A EEFE 18
(40.0%)F°lN3, YHA  5F(111%)=
stxl#} st B5F 7HA 3 UA] ekt

4. FAA A HAAE AAR 2
amoxicillin/clavulanic acid$} cefazoline 45
F B A S Y e o]
A 235 = YA = sulfisoxazoledl] A
115(24.4%),  streptomycin®lA] 105
(22.29%), tetracyclinedlAl 9(20.0%)F+=
Ebstth. 285 3714] ool tAlA F
£ H9 BElFE 8F(17.8%)°1A
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