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19973 7} 1998 A}o] of] A} FAFS- Bolx= S =] 2] B 0 2 NE] & 56 FF2 Escherichia colis 283} o|F
L8 AL Vel =38 T YA WA 4 Ais-S FAstgch 34 A) 3 MY LR HAYAIFE
(minimal inhibitory concentration)S- 27 & 7 3} 36 73(94.7%)7} tetracyclineol| o 3] WA & Jeh g, 27 4
F(71.0%): ampicilline] WA, 26 TF(68.4%)X chloramphenicold] WA, 283 21 TF(55.2%)= tri-
methoprimel] W] A & v}ehi %1 21}, aztreonam, amikacin, norfloxacindl] W4 & el #3-= A H A 4t
o] 3 47}A] o} A2} Ay Al ol o 3] WA & 71X & A YA (multiple drug resistance, MDR)-S ®.¢l #F+= 3 38
FF F 21 FFG53%)95. £8 o]F t)A3 A @ (Double Disk Synergy Testy2 53§ A} extended
spectrum B-lactamase & A= FF-E Q& AL 2 eyt ol & F /M B2 2] TF7T HEA ST,
89.5%)8 AAFSIE 3L, 222 M2 B 2(VTS) VTe, 47} 47.4%) 8} ] B A FA(LT, 31.6%)5 A= A o2
el o] FolA 8§ FF(21.0%)= STHE AL R v o] 12 FF(31.6%)= LTS} STE 5-4] o] A Asl4]
X, 13 F5(34.2%)= ST, VT, VIe S FA) A *‘l'??]—ﬁﬁ.ﬂ], 5TF(13.2%)= VTS VIeE EA)ol] AJALsl= Ao
2 Jepgel 28 o 71K 54 FAl ¢ AAksle e 9 28 o] TFELS Wl ks Y
(serotype)S 7RI . 9l 5-¢] AR Algtell A A FHAEL 7R 2 U+ A 7] 98 A g f
2 o} T-24 Al Z.9} A 3 -2 2] Caco-2 M Eo] o 3t F-3H5-& A 9351 S o), 16 F5(42.1%)7} T-24 ¥33 A
Fol|, 183 17 F(d4.7%)7} Caco-2 A A X0l o 8] 733t F-245-& Jell ¢l o) 53] 11 F(289%)= FAE
B0l 73t ¥-35-& 7FA) I 3191} Filter mating method & 3 31 o] & TFF2 54 YA A A} 34
A WA FAAZ AR A 28] FF2 AGHE AL U F U B AR A= AA S-S Ve
W AXZRE L S84 E coli®] T AE 1235, 283 344 WA A3 ARG E B F
A ko) FE ¥l AT A WA F4 JAE 5 o] AR A& FeA B o= Al F A
AHZo JAMT AdANZ ALE = e AL RAFE Ao

v A=
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HAA] A8 vt A HR]e] 8 A BT F9 hi
91 Escherichia colio) 213+ 7+ Aelet B8 E colie] A
W, = 54 A 5 BEA QA tigk A7t 2o
A5, 13, 18). BE9] MAjZo) Bz r= ¥ So] 24
T2 284S U E colig] A0l 98] fitsle slez
eiA lane, 28), FAE WL E colie AW ol 2
o S, 2E o= BEA AURKvirulence factor)E
H.z+o] X colonization factor)$} = (toxin)E A4 THTH20-22,
29, 35, 39). E. colid AR (piliye E. coliZ A W) 733}
Al F2AF e 988 dha, 5449 E colic AT UlolA 54
3 o3 7] BAE Aok, 16, 40). AAL S48 /i

=
3l= E colic 34 5Z2¥(enterotoxigenic E. coli), BN F
(enteropathogenic E. coli), )% (enteroinvasive E. coli), 284

(enterohemorrhagic E. coli) 522 WFolA|1, 1 7o wet
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Zhg 717o] M2 Th2TH10, 24). SAH2
pili antigen)®} AW A (enterotoxin)E EH] 8}
cAMP E= ¢cGMPE 37711, Nat9} CI” o]
&3led HCO,” 59 o3 B9 F58 HAaAIFeR U3 &
FE st AR R S HAE FE3THT, 19, 23,
36, 38). 2842 BIEF9] 60S subunitS B3} AHOEH
A 3G FAAT|E HE Eh(verotoxin: VIS 45
o], o] E4v) Fde) FHo] 2o S wHhes HeE
g A ok, 12, 15, 27, 32-33, 37). 3 W2 4] HEA)
2l VIer )A|2] H-E(edema disecase)S Fdle AR I
A J=dl@o), ole v B3 el ofs) wlEE Ay
o7 2o} B4 8]l e 34 g4 Tol Fash
W 8Qleg g8 |% §ith 53] A HlAuy o] f-7] HA]9|
HAXE 7= E colic SAZPOE 0|58 F) 5491 o]gA
E X (heat-labile toxin: LT)®} WEA 52 (heat-stable toxin: ST)
Z W T FTAE A sk Aoz geA dtho,

239 (fimbriae T
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9] ¥WEA(virulence) EA(markenZ A3 ATH2, 13). 28
VA B E Aeols A5 FE7] oiiol we] it
Ado] A= Aol F2de] vehtr] Aol AUl HAA E coli
o] Aol B2 5% FAAE AlSe Hrsty] HHe==
St Aok 2eu} s FRAIY] AR A i) WA

13 5= Q' HEo] Jen, oo Uigk A
AFQ =3 A7} vH|gE Aot}

FeivEte] A AAL Sdolv BEe veiie HiXY E
coli 744 A9} YA WA Zekoll tig Bl ) kX
7H89), B3EERE E2H E coli®) ARo] g AHH9 &
ald Foll uigk Ay vHIgE Aot} o]d] B AelMe F
E2ZHE P 8849 E colid] FAA WA A o)So)
AR toxin®] Fo] AR5 melslaiz) stg o, SEERE
el w3 Al g AFHAHJ] f8d ARE Hetstr)
18t Al F-2ll M EF(human cell line)el] thEt F-2b52 &<l

&t
R

a5

1997 A7} 1998 Atolol] AL F4E HEME X)) #ule
2XE E coli F 56 TT5 E3ld o]80 uist £84 E
coli A& A3 St

EEME colie]l 4=

SEAE #EA3r] st &% A wl A|(Trypticase Soy
Agar with 5% sheep blood, BBL, USA) Z+zte] #FE Al )
BTt 37°C F27]00A 18A17F vl kSt &, -8 A (hemolysis)
43 E BN

&N Z| A& (Minimal inhibitory concentration, MIC)

3

A

National Committee for Clinical Laboratory Standards
(NCCLS) (25) 710l whebr] A ghd g)lMmloz ghalA)
HAGAFE=MIOE 43 AlE FAAZE ampicillin,
cephalothin, aztreonam, gentamicin, amikacin, neomycin, kanamycin,
norfloxacin, tetracycline, chloramphenicol, trimethoprim& AR&-
3}943L, chloramphenicol (Acros, NJ, USA)S A28l RE 3448
A= Sigma (St. Louis, MO, USA)I|A J&tdch. <=4 wjok
7 S HiE® 085% NaCl ¥l McFarland nephelometer
No. 052 €& wE F A1F FAAZF 242F 0.25~128 pg/ml
FX2 ¥ Muller-Hinton (MH) $Huj=]o] 10' CFUE %
skt 37°C 270 18 AlZk wljk F- 107] ol3te] o] &
e FEE MICE A4sIvh. 2] JIA4E st F=
431 E. coli ATCC 259229) 7498 B2l 238t

B-Lactamase & &t w752 ME
B-Lactamase®] AJ4F 75 Flst7] 98] tig=719] Al

|84 T8 89 E coli®l FA W 287

253 72 B3 crude extractdl] B-lactamasee] 71EE
245 nitrocefin -89 (500 pg/mlyS Holry] 7o) wsia
B-lactamase®] Y3} o F-E FRlslr}.

Isoelectric focusing (IEF) gel electrophoresis

B-Lactamase®] pIZ& S43}7] 913 [EFE AAISH4ET =7
o Ag 23 BA7]E I3 crude extractE ampholite
gel (pH 3.0~10.0)%] =3, Mini IEF 111 apparatus (Bio-Rad,
Richmond, CA, USA)E ©]83}e] 100 VoA 15%, 200 VoA
158, 450 VoA 1A17E A719% SFATh Gelol| nitrocefin £
(500 pg/mlyS BojrEd] Blactamase?] YXE Qs 1, o|F
pl Ex| Q28] pIE AMGS}e] F4T HAT U vl pI
£ 2433k

PCRE 0| &8} B-lactamase FHX ZHE

B-Lactamase A5 HE37] 95t FTHELAHTE
(polymerase chain reaction, PCR)S #3353 tt. AHEH ko]
] (primery= IEF 2ol w2} AmpCol] Ho]&Ql Zzeto]H 5.
CTACGGTCT GGCTGCTA-3'$} 5-TGGAGCAAGAGGCGGTA-
3E AHE-3ISTE (26). PCR HHE-Z27-2 95°Col| A denaturation 10
%, denaturation (95°C 1%), annealing (56°C 1%), extension (72
°C i)Y HAE 308 HHESE & vlA|2te Z extensiond 72°C
oA 1027 AP SFH A 5ulE 1% agarose geloll
2719%3}3 ethidium bromide (EBnE @4838le] 44HE DNA
e A7) FRIETt

Double disk synergy A|E['H0| 2|5t extended spectrum B-
lactamase (ESBL) ¥4 #F2| H&

Ampicillin?} cephalothin®l] oA B-lactamaseE A415H=
9] ESBL A4 25 8R18t7] #18] NCCLS A3l whet
double disk synergy AlEHS FHEATH &5 dE TS
WEHoZ AT T, 0.85% NaCl 8l McFarland nephelo-
meter No. 0.5 §EF & Alg d99S U5 2= MH ¢
w=zjel] 2A HES F, A 1HH L Fal cefotaxime (30
ug), cefotaximed} clavulanic acid (cefotaxime 30 ug¥ clavulanic
acid 10 pug), ceftazidime (30 pg), ceftazidime®} clavulanic acid
(cefotaxime 30 ug#} clavulanic acid 10ug)©] T8 TlAAE
SEFTE Aldo]l AEE wiAE 37°C F27100 18X)7F Hi%
5 2 A Y2 el A AR gABe] Ar1E
A8k NCCLS 719 wat W o475 Fdaunt. =
clavulanic acid®] PB-lactamase A &ijol| o3t AAje] &=
Aol Smm oo 2 A=W ESBL A4t YAHo = I
o A7 FHRAL Yk 2E B E coli ATCC 25902
Aol A Et Tt

O

o A

PCRE O|& 8! toxin RHXIS| HE
PCRE ©]&3}a] enterotoxins (ST LT)# verotoxins (VT$:
VTe) FAAFES AE3IAT Aol AR Zeto|mi= Table 1
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Table 1. Primers to amplify specific regions of genes for enterotoxins (LT and ST) and vetoroxins (VT and VTe)

Target gene coding

Oligonucleotide sequence

Expected size

for toxin(s) (5'— 3 (bp) Reference

LT GGCGACAGATTATACCGTGC 696 3
CCGAATTCTGTTATATATGTC

ST® ATCGCATTTCTTCTTGCATC 172 3
GGGCGCCAAAGCATGCTCC

VT CTTCGGTATCCTATTCCCGG 478 3
GGATGCATCTCTGGTCATTG

VTed CCTTAACTAAAAGGAATATA 230 3
CTGGTGGTGTATGATTAATA

“Detects LT enterotoxin produced by human and porcine ETEC strains.

"Detects ST enterotoxin produced by porcine ETEC strains.
“Detects VT synthesized by porcine strains.

Only detects VTe synthesized by porcine strains associated with the edema disease.

I 2ot vk Z A8 95°Co Al denaturation 108, denaturation
(95 °C 1%), annealing (STS} LT, 52°C 1% VT, 57°C 1%
VTe, 47°C 18), extension (72°C 1) A& 308 wHEs &
npA2kO 2 extensionS 72°CollA] 1027F AlSg3}dct. PCR S
e A7) 953t A4tE DNA HH9 =718 sttt

HEY BN

0O (01~0169)%} H (H1~H51)2] 33 *(Denka Seiken, Tokyo,
JapanyS ol-83t] 33 whg ¥4 ARZ 09 HY EHHEE 2
L=

ol 28t toxin®t LHY FEX; ME
Filter mating 3ol wa} §-2x ALAES AA54 T

4 FoARe A S48 YRS HAA EEE 54
ik 158 "}‘&3}%3’— WA FoRbs Aol EeE
lactamaseZ Aishe #FE AFESIETE Norfloxacin®] 71::4:
oA kanamycin®l] uvgﬂ 5 T(CCARM 1197, 1211)E
4 FARIZ 513, norfloxacin®l] WAdo)HA] kanamycin®l <=
A BlactamaseE A= Y4 BB E coli @ TF
(CCARM 1334y WA A2 ARt W godatet 4=
A& Z}Z} brain heart infusion (BHI, Difco) HAulR]ol =
skl S 0 MR TP B 50k ol o)
¥ 450 WE A BHI RAIR] 4.5mio] EARUE Al ¥
oA Eg3la, o] EF WY 1 mkE 045 um nitrocellulose &
A (Milipore, Bedford, MA)ll F2FA17] TR 37°C 3H&-7]0l| A
3AI3F “H°b5‘}93\‘4 HiYFE ARXE 1 mie] Al BHI HA[ul=A]of
ol At & 100 wWE 3, norfloxacin® kanamycin®]
H MacConkey $Hdvllz]o)] z}zt HE3}HET) 37°C 27|04
18717+ 9|3t F transconjugantsE AE3IALE F-44F A2S
2218 3k transconjugants®] toxin A= PCRE &Ris}
AL, YA A S S ARSste] g A A
AR5 Rl

= m[m£

o,

ALE Rl MEZFo g 3 A3

TEENY 2oE 57 Al AR BAksle AsiAS 7t
S AR FA8P7] S8 Al g el AEFRI T-24 AR
o AR AT fef AlEFR] Caco-2 ME] tigh B35S
AY3Ah T4 AEE E2 283147 10% fetal bovine
serum (FBS), 2 g9 sodium bicarbonate/l, antibiotic-antimycotic
(pH 7.2)Z T3+ RPMI 1640 vl X0l A vjFAIZ T Caco-2 Al
Y= 42 2331771 10% FBS, 3.7 g2 sodium bicarbonate/L,
antibiotic-antimycotic (pH 7.4)E €73 Dulbecco's modified
Eagle's medium (DMEM) WX A v FA|ZT) B-Boll A E2]dE
L8 E coli (IX10° cells)E T-24 HES} Caco-2 A|E(@2x10°
cells)ll A7kst 37°C2] 5% CO, F27191A4 1A17F BESAIH T
01*}9&%"“_& A28t ‘3”511] & HEEokE AAT
T e s ngste] OFEN § BEn|F 0T Ao B3

B AT 5 A o FA9I2 2 B=S st
7 Ese) AR 22 Al £ A, 0158 Far)
o} Y= A At 5 ANSAL ol F=g 2

=]
[e] g
AR 7} 10008 G B9 A BEe A4 Ao B
watsict.

N
AL
Kt
H

M E. coliel 4=

MAL A8 JeRfE HIX9] BdA] BelE E coli 56 T
2 FAgkdu| Aol HE 3} %Eé*qe ghelst éﬁr 38 o
(678%)7} &843E& Ve 0]52 AY

SE 22| TFe| el Y

M} 248 UERE 9X25E Taa 884 E coli 38
T3 FA HLAATEMIOE A3 A7 52 WSS
Vel SMIAIE tetracycline (94.7%), ampicillin (71.0%), chloram-
phenicol (68.4%), trimethoprim (552%) ¥°.2 WElgth ZE
5= aztreonam, amikacin, norfloxacin®] W3l 744 ot
(Table 2). 47} olde] dAA S s WHE 7He A4
(multiple drug resistance, MDR)2 2.9 TF& 38 5 T 21
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Table 2. Antimicrobial resistance of hemolytic E. coli isolated from
pigs suffering diarrhea

Class and

Resistant

antimicrobials  strains (%) “VHCs MiCs  Ranges

Penicillins

Ampicillin 27(71.0) >128 >128 8~>128
B-Lactam

Cephalothin 11 (28.9) 16 32 4~32
Monobactams

Aztreonam 0(0.0) <025 <0.25 <0.25~<0.25
Aminoglycosides

Gentamicin 17 (44.7) 4 32 <0.25~32

Amikacin 0(0.0) 2 4 0.5~8

Kanamycin 14 (36.8) 4 >128 0.5~>128

Neomycin 14 (36.8) 4 32 1~128
Tetracyclines

Tetracycline 36 (94.7) 128 128 4~>128
Fluoroquinolones

Norfloxacin 0(0.0) 2 4 <0.25~8
Phenicols

Chloramphenicol 26 (68.4) 128 >128 1~>128
Folate pathway inhibitors

Trimethoprim 21(55.2) >128 >128 <0.25~>128

TH(55.3%)%0 Ao Z et} 8 aminoglycosides] &34
o WE|AE 17%7) gentamicin®] WAL JeRAAT, 22t 14%
7 neomycin®} kanamycin®l] tHal] 4L vielich

B-Lactamase 24t #3Fe| M'E

B-Lactamase®] W2 7]- =2 &85} nitrocefinS Z} H3-9
ssfdol] 23t d5, 38 TF T 34 (89.5%) WFTF Y W
28 vEhdio] tiRE2] 884 E coli/} B-lactamases AJAits)
= Aog Yehgth o)52 ampicillindl] 0§ HAGAEEE
16~128 ug/mio] 4 ©] 3L, cephalothin®l] et HAJAs==
4~32 ug/mlE Tk},

o} Z cephalothinl th3) WR@EH2AAEE7} 32 ug/ml ©|
ARl 10 TF7) ABASHE B-lactamase] pis E91%F A3} TE
of A pl 8.2 °lt} o= AmpC type2] B-lactamase® 3=
o}, o8 E1317] A3l AmpCell o)Al ZlolHE A8-3)
PCRE AAIZF 2, B-lactamase FAPTF= EF AmpC-like
type®] PB-lactamaseS 7FX]SL AU ©]E AmpC-like type®]
Blactamase= BF ZelAu| =] EAjdhs Aoz EIEHUT
(Fig. 1).

ESBL 2§t #3=0f MM

B-LactamaseS A§4Fsh= 3 SollA ESBLS A4bsle= T
7} EAstex] #)1517] 98] double disk synergy AlEHE A
A)BLARTF. Diskst cefotaxime, cefotaxime™ clavulanic acid,
ceftazidime, ceftazidime®} clavulanic acid’} AFEE 1t} NCCLS
A7 e} 2745 189S W, 38 TF FollA ESBLE A

L34 TE 28 E coli®] IBA WA 289

| Total L Plastud |
I L 1
on =4 bl =3 o)W o ™~ 00 [~ g Al o Ll hal =3 - 0
&< o (=} (= T T A S Y o o o [ T T R
E - — o~ ~ o~ ™ il ~ [e) — - ~ o~ Il o o9 o~ ot
~~~~~~~~~~~~~~~~~~

Fig. 1. PCR with specific primers to AmpC using total and plasmid
DNA. Arrow indicates the DNA fragment with an expected molecular
weight 169 bp.

PCRE 0|88t toxin X} &l

A ] MHal S-S FLdtE E ocolidA FE EHEE
enterotoxins (ST2} LT)3} verotoxins (VTS} VTe) 234k &)

F-Z Table 19 GAE Zalo]HE AM83le ERIF A=
Table 39 AEi=lo] ATk STV 7P Be 34 FF(89.5%)04
Yelytal, 7 oo 2 vk viert 2442t 18 5 (47.4%), 18
I LT7F 12 FFG616%)A YERSTh o] FolA 8§ 75
(21.0%)= STYF A2kl whdel], 12 ¥5(31.6%)= LTS} ST
E ZA AABIRAL, 13 TF(B42%)= ST, VT, VIeE FA)9)
ABlEoH, 5 FF(13.2%)0 VIS VTIeE A0 Aiksts
A& vestth e v 7] 545 FA) Ailske 7 F
E e Ao Uit

F gtoll 28t toxin2t EHUA| LY FHX; ME

Filter mating ol W}l f3x} AY A9 AAs 292
FE 2719 transconjugantss AUt ©15] FAA UG FA
A} o] #AFg RIS A3 A JA HAFEE AR
A= Table 49 231, toxin F3%} Aoli= PCRY A7|95S
ol-g3td FRIEtAhFig. 2). 53] W3 FAAZFE A 3o
Az o] QA g wiAE] 8k, W FodAe Eefa]
=7} obd GAAe] &) WiAdo] uiziEo GA AEHA] ke
EAE 717 A=A FAAR] norfloxacindll WA 717 #5

Table 3. Toxins produced by hemolytic E. coli isolated from pigs
suffering diarrhea

Toxins No. (%)
LT, ST, VT, VTe 2
ST, VT, VTe 14 (36.8)
LT, ST 12 (31.6)
VT, VTe 4 (10.5)
LT -
ST 8211
VTe -
VT -

Total 38 (100.0)

“Not detected
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Table 4. Antimicrobial susceptibilities of E. coli isolated from pigs suffering diarrhea (donors) and clinical isolate (recipient), and their trans—

conjugants
CCARM Antimicrobial resistancle (MIC, pg/ml) Toxin
No.  Amp* Az® Cep® Ceff Cfit Cfx’ Gen®! Ami" Neo' Kan' Nor* Tet! ChI™ Tr® Su® ST
Donors 1197 >128 <025 16 05 <025 <025 8 2 32 >128 <025 >128 >128 >128 >128 ST
1211 >128 <025 16 05 <025 <025 8 2 32 >128 <025 >128 >128 >128 32 ST
Recipient 1334 >128 <025 64 32 8 8 64 16 05 1 64 >128 >128 >128 128 -
Trans-conjugants TCI197° >128 <0.25 16 <025 <025 8 8 1 64 >128 128 >128 >128 >128 >128 ST
TCI12119 >128 <025 16 <025 <025 8 <025 1 32 >I128 128 =>128 >128 >128 128 -

*Ampicitlin; Paztreonam; ‘cephalothin; “ceftazidime; Scefotaxime; feefoxitin; £gentamicin; "amikacin, ‘neomycin, ’kanamycin, norfloxacin; ‘tetra-cycline;
Mchloromphenicol; "trimethoprim; °streptomycin; Ptransconjugant of 1205 and 1348; Ytransconjugant of 1211 and 1348; "not detected

£ A¥signt. Aol M e} o] TC11979M s S8l Bed
T Ak 529l ST FaA A oAt 2 A8k
Ao g R Bd #FE deygs 248 20T £ A
. 28ud TCI2119) 739+ ST #3Rke] Aol doluix) &
2 Aoz FIHAL. o]9} FA)o FAA| U4, 53] transcon-
jugants®] Al AME-SIH A norflaxacin® kanamycin®l] thgh Wj
AL TC11978 TCI211904 242} 128 pg/ml 43+ 128 pg/ml
2 Folzl 3g T 5 AT} o|2HE WA FARZRE
WA gl Al Ei %Xﬁ}iﬁ”* ofuigl XA Aol B
gelg 4= ATt

EIE

v
#
el

o 4N 3

T44.7%)0 X% g & o] A3L(serotyping), WHA]
e elgdo]l ZHHA %qu(nontypable) Yo 74
A E coli®) 0 BHEL F 14 THE Wl E}%lﬁ}ﬂl LhERst
TH(Table 5). 718 2 4_3 Uehd 0 933 24z} 2 7=

Hm

2

TC 1197
TC 1211

=~
[=43
—
—

1211
1334

Fig. 2. PCR with specific primers to ST using total DNA from donors
(CCARM 1197, 1211), recipient (1334), and their transconjugants
(TC1197, TC1211). Arrows indicate DNA fragments with an expected
molecular weight 172 bp for ST. Transconjugants were represented as
TC1197, transconjugant of 1197 and 1334; TC1211, transconjugant of
1211 and 1334,

7} 027, 0-63, Ol14 ©]3L, 0-18, 0-78, O-115, O-125, O-
126, 0O-127, O-148, 0-153, O-157, 0-158, O-167°] zZ}z+ 1 4
A o]gith o] &2 HX| 9 M} TS Fishe Ao U A
Q= E coli & ETEC(0-27, O-78, 0-148), EIEC(O-167), EPEC
(0-125, O-126, 0O-127), EHEC (O-157)°) 3|@&=E 180 n)
5 T 1o EEE o Hojgr}

H A3 (Table 6)0.8F 16 TF(42.1%y7} EFHJL, 4 T
FAXME H, 18 TFNAE H Ege] AAHA &t
(nontypable). ¥ AHNM= F 6 FH2) H 3 Yo] FHA+=
o), 4 @7} H4, 4 g7} H-10, 3 &7} 242 H99} H-40,
1 957} 242 H-199F H-200]0t H-72 2HAE =] 949k, O-
1578 VERIRY & F5E H-199 Ao= gt

0)lo 0
MO =

QIH| el MZER0 cist Fits

2 AFe it Al 38 FF F 16 TFU21%)7}F T-24 5
Z AlEe 3 FAFE 7HHeH, 17 WF(44.7%)= Caco-2
ZhH Ao il AR HE5-S 7 THTable 7). 53] 11 T F
(28.9%)= F ME FAS] A Faes 7HA I At

Table 5. O-serotypes of hemolytic E. coli isolated from pigs suffering
diarrhea

O type No. (%)
O-18 1(2.6)
0-27 2(5.3)
0-63 2(5.3)
0O-78 12.6)
O-114 2(5.3)
O-115 1(2.6)
0-125 1 (2.6)
0-126 1(2.6)
0-127 1(2.6)
0-148 1(2.6)
0-153 1(2.6)
0-157 1(2.6)
0-158 1(2.6)
0-167 1(2.6)
17 (44.7%)




Vol. 40, No. 4

Table 6. H-serotypes of hemolytic E. coli isolated from pigs suffering
diarrhea

H type No. (%)
H-4 4(10.5)
H-9 3(7.9)
H-10 4(10.5)
H-19 1(2.6)
H-20 1(2.6)
H-40 3(7.9)

16 (42.0)

Table 7. Adherent activity of hemolytic E. coli isolated from pigs
suffering diarrhea to T-24 human bladder cells and Caco-2 intestinal
cells

CCARM Number of adherent bacteria®
No. T-24 cells Caco-2 cells
1183 119.6 4135
1184 285.9 407.8
1185 2759 3694
1186 8.8 141.2
1187 138.5 100.3
1188 4.1 4.0
1189 90.1 120.9
1190 54.2 81.8
1192 6.5 109.1
1193 295 86.0
1194 78.5 15.8
1195 180.9 246.3
1196 584.8 136.4
1197 829 178.8
1198 0.0 6.8
1199 74.3 253.1
1200 219.2 85.7
1201 1.5 31.1
1202 208.4 255.5
1203 727.0 166.4
1204 155.2 4.0
1205 7.2 2.3
1206 99.4 26
1207 318 150.0
1208 20.1 3.6
1209 44 3.6
1211 19.7 8.6
1212 107.8 7.4
1213 11.9 30.4
1214 52 62.8
1215 28.6 17.4
1216 30.7 9.0
1217 60.7 9.0
1218 101.8 2.8
1219 533.6 156.7
1220 581.7 2.8
1221 405.3 129.9

1222 663.0 2772
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ABSTRACT : Transfer of Genes for Antimicrobial Resistance and Toxin of Hemolytic Escherichia coli
Isolated from Feces of Pig Suffering Diarrhea to Human Isolates
Kyenam Lee, Byeong Yeal Jung', and Yeonhee Lee* (Department of Biology and Culture
Collection of Antimicrobial Resistant Microbes, Seoul Women's University, Seoul 139-774,
Korea, 'National Veterinary Research and Quarantine, Anyang, Kyonggi-Do 430-824, Korea)

Between 1997 and 1998 in Korea, 56 isolates of Escherichia coli were obtained from pig suffering diarrhea.
Among those, 38 isolates that showed the hemolytic activity, antimicrobial resistance, and toxin production
were studied. Among 38 isolates, thirty-six isolates (94.7%) were resistant to tetracycline, 27 isolates (71.0%)
were resistant to ampicillin, 26 isolates (68.4%) were resistant to chloramphenicol, and 21 isolates (55.2%) were
resistant to trimethoprim, while none was resistant to aztreonam, amikacin, and norfloxacin. Among these iso-
lates, 21 isolates (55.3%) were multiple drug resistant to at least four different class antimicrobial agents.
Extended spectrum P-lactamase producing isolates were not detected in the double disk synergy test. In these
hemolytic Escherichia coli, heat-stable enterotoxin (89.5%) was the most prevalent toxin, followed by vero-
toxins (47.4%), and then heat-labile enterotoxin (31.6%). Except 8 isolates (21.0%) which produced ST only, 12
isolates (31.6%) produced ST and LT, 13 isolates (34.2%) produced ST, VT, and VTe, and 5 isolates (13.2%)
produced VT and VTe. However, none produced all 4 types of toxin, simultaneously. The predominant serotype
could not be determined by the agglutination method. Sixteen isolates (42.1%) were strongly adhered to T-24
bladder cell and 17 isolates (44.7%) were to Caco-2 intestinal cell. Especially, 11 strains (28.9%) were evaluated
as strongly adhesive to both T-24 cells and Caco-2 cells. Genes for toxin and the antimicrobial resistance were
transferred to clinical isolates of Escherichia coli from human urine by the filter mating method. Results suggest
the possibility that antimicrobial resistance and toxin can be transferred from animals to humans by direct con-
tact of resistant bacteria as well as gene transfer, although there was no correlation between toxin production,
adherent activity, and antimicrobial resistance among hemolytic E. coli isolated from pig suffering diarrhea.



