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Abstract
Porcine E. coli infection is a disease caused by Enterotoxin produced by Enterotoxigenic
Escherichia colil ETEC). Enteric colibacillosis has become an economically important disease iﬁ
pigs as a result of increasing intensification of farrowing management., The present study
undertaken to obtain the antibiotic sensitivity and distribution of serogroups and pili pro-
ducibility test of ETEC from E. coli isolates in Chonnam, The results obtained were as follows.

1. A total of 71 isolates identified as E. coli employing IMViC system from rectal specimens
of 54 piglets with diarrhea.

2. In antibiotic sensitivity test, isolates showed high sensitivity to AN, CM, Fox, GM, but
resistance to EM, NA TC.

3. The distribution of 25 isolates of serogroups were 0141:K85(11.3%), 08:K87(8.5%), 064:K
(5.6%), 0138:K81(4.2%), 0139:K82(2.8%), 0157:K88ac(1.4%) and 0149:K91(1.4%).

4, MRHA of guinea pig erythrocytes was detected in 8 out of 250K serotypes and 9 out of
46 unidentified serotypes. MRHA titers of serotypes showed from 64 to 128 in 0141:K85, 2
in 0138:K81 and no titers in 0139:K82.

5. The production of heat lahile enterotoxin of ETEC was detect 39 out of 52 isolates showed
B-hemolysin, 7 out of 52 isolates showed ¥Y-hemolysin and 6 out of 52 isolates showed 7-
hemolysin by GM:1 ganglioside ELISA. The distribution of LT toxin were in 12 isolate
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showed B-hemolysin, 2 isolates showed a-hemolysin and 3 isolates showed Y-heriolysin in

25 OK serotypes.

Key Word : Piglet, Enterotoxigenic Escherichia colt, Colibacillosis.
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Table 1. Biochemical properties of 71 Escherichia coli isolated from piglet with diarrhea

Test or Substrates Reaction of 1solates No. of positive %
Methyl red =+ 70 9.5
Voges-Proskauer — 0 0
Indole production + 67 94.3
Oxidase - 0 0
Motility + 65 91.5
Citrate utilization - 2 2.81
Gelatin - 0 0
Acetamide - 3 4,22
ONPG + 71 100
H2S production - 10 14
Esculin hydrolysis - 0 0
Ornithine decarboxylase + 63 38.7
Plant indican - 3 4.2
Malonate - 0 0
Arginine dehydrolase - M 47.8
Urease - 0 0
Phenylalanine deaminase - 0 0
Polymyxin B sensitivity - 2 2.8
Glucose acid + 71 100
TDA - 6 8.4
P-coumaric + 63 88.7
Acid from

Sorbitol + 66 99.9
Mannitol + 67 94.3
Adonitol - 4 5.6
Raffinose + 37 52.1
Lactose + 69 97.1
Sucrose + 41 57.7
Maltose + 64 90.1
Rhamnose -+ 59 83
Xylose + 65 91.5
Argine - 7 9.8
Lysine + 70 98.5
Dulcitol - 31 49.2
Salicin - 30 42.2
Arabinose + 71 100
Inositol - 2 2.8
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Table 2. O(Somatic)K(Capsule) serotypes of 71 Escherichia coli isolates from piglet with

diarrhea
OK serotype No. of strain Percentage(%)
0141:K85 8 11.3
08:K87 6 8.5
0O64:K" 4 5.6
0138:K81 3 4.2
0139:K82 2 2.8
0157:K88ac 1 1.4
0149:K91 1 14
non-identified 46 64.8
Total 71 100.0

Cephalothin{(CF) 3  Streptomycin(SM), dole(MA), Kanamycin(KM) el th3t ZH4A &
Ampicillin(AM), Carbenicilln{(CB), Cefaman- thokald e},

Table 3. Antimicrobial drug susceptibility against 71 Escherichia coli isolated from piglet with

diarrhea
Susceptibility
Drugs Concentration of disk(ug)
No. of strains Percentage(%)
Amikacin 30 65 91.5
Ampicilin 10 40 56.3
Carbenicillin 100 37 52.1
Cefamandole 30 33 46.4
Cefoxitin 30 62 87.3
Cephalothin 30 15 21.1
Chloramphenicol 30 67 94.3
Gentamicin 10 68 92
Erythromycin 5 5 7.0
Kanamycin 30 38 53.5
Nalidixic acid 30 3 2.3
Streptomycin 10 19 26.7
Tetracycline 30 4 5.4
Tobramycin 5 53 74.6
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Table 4, Mannose Resistant-hemagglutination test against Escherichia coli isolated from piglet

with diarrhea

No. of piglet No. of pili positive strain Percentage(%)
Serotype 25 8 32
Non-serotype 46 9 19.5

Table 5. Mannose Resistant-hemagglutination test titration against Escherichia coli isolated

from piglet with diarrhea

OK* serotypes No. of No. of pili MR-HA*
non-serotypes strain positive strain 2 4 8 16 32 64 128
0141:K85 8 2 1 1
08:K87 6 1 1
064:K 4 1 1
0138:K81 3 2 2
0139:K82 2
0157:K88ac 1 1 1
0149:K91 1 1 1
non identified
serotypes 46 9 2 1 1 1 2 2
* Somatic Capsular antigen
= Mannose Resistant-hemagglutination test
¢ Hemolysis & O|gEM A=A =W s9ch o532 3937} B-hemolysin, 7F7}F «
28 71539 E. coli ¥F 2 HE hemolysis -hemolysin 18] 3L 637} ¥-hemolysing Ueh)
2 oG FEa AHARE RASIY & 69 Y Aok Eg OK gAY 2553 T 1757} o944 &

EPlRATE 5255(73.2%) 7F o188 4548 B4 528 AR e o)F 1257} B-hemolysin
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Table 6. Correlation of hemolysin and enterotoxin(LT) released from 71 Escherichia coli and

OK serotypes

LT* of 71 E. col LT of 25 OK* serotypes
+a _b + —
a-hemolysin 7 2 2 2
B-hemolysin 39 13 12 4
¥-hemolysin 6 4 3 2
Total(%) 52(73.2) 19(26.7) 17(68) 8(32)
X2 value 7.8088

* . Heat-Labile Toxin,

= : Somatic Capsular antigen,

a : product of heat labile toxin, b : nonproduct of heat labile toxin
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3ol At vt e | glucose, maltose

Fd S el

o

% mannitol# 3 52 27

—146—



=5

ZaFe] Ayt gRM sl9) on oxidase,
catalaseAld 2 HaSHAOA thh apolE et
doh, ol 79 wald wE WolFo FYd
o)gk Zolgt Aztdt,

28 FAHE dgT oRlFe ¥4Y BHE
3] @rskov. F and @rskov. 1 ¥ (rskov et
ale] o) Fala] AatE 22%9 OK 8%
§ ol g3ty Ho A Yoz B9 ¥H
¥g o). Sojka®®E AEo)A] HALE
o7 AFL 08:K87:K88, 08:K35:K99,
09:K103;K, 020:K101:K, 045:K88, 0101:K3
0;K99, 0149:K88, 0157:K88 Hojztx H st
Atk 39 Smith57& AEM 228 ETEC
64F% 17F7F K99 44§ 7R on K99
F4e 7 gAFe O Serotypest 08, 09,
064, 0101, 0140 Fol} 3hd K99 d& 717
gAHE AE gATY 38 RAFAE A
sttt o] Aol AARE 54FA HelH"
of9]F 719 AT T 22% OK Ao UA
BES-S Hol AT 575 olEF w2 B
g W=E Jed OK ¥833& 0141:K(11.3%),
08:K87(8.5%), 064:K (5.6%), 0138:K81(4.2%),
0139:K82(2.8%), 0157:K88ac(1.4%), 0149:K91
(L4%)9] 75224 AAY 3H.2%Rom wg
d H FHYL 46574 o5 OK AL #
=9 A7ZY #AE F8 Yoz A
o] FEAOAN SAEHE e OK ¥4

O

4 4 %) 8 Rees?E Ap=o)A REYS
Ydodle T8 9% dATY ¥4FL2 0138:K8
1, 0139:K82, 0141:K855ol&tn ® 13t =H
o Aol 8 dAHF O0138:K81(3%),
0139:K82(2F), O141:K85(8F) EAHY #¥%
g AT + U ol B A o] Ay
[

ZHe 8% ¥

==

o5

o
1o I
4
o
=l
=2
o
%
-
ol
ox!
i

Zeld E. colid] FAEH Uit A o
g ddS ZA W uk AN, CM, FOX, %

GMollA = 84~94%9] =& ZF4S e

A
CFz AM, CB, MA, KMd) di3t 7442
&t o] AFellA YErd E. colie] tigt oF
A 7AFA AN AdE g2 dFe Rakde
T3 Blwd m GMdl dax e 2EAe UE
Ao} YFM = Aol B TCO dsl &

2 WAE veilol =59 2859 59 25
e WA Fgl 2 Aol v s £
gFE9 TCol tigh WAl =& 2L H2
FEFANA TCAE FREsHA FETo2H
ARF7t 28 Ao Agdd. =T oy
AR FUA FAET oA Aoz YA

ez Ad 24E FAD Fo ARl A 1
A WA 85 5 s

48 ol
>
>
of
tlo
N,
)
[e3
L
ok
pa

o2 Azt

Piliel ¢Jgk MR-HAS-& pili7} AujA 2o
Fale Ax 22 71l 2sk pilie] mannose
binding activity7} 4o A £ F sl 2H8 o
gz 2Ags ddgoh® wd Oy
T &g FAEL yeast cellojy HEE &
Hedd 243 #A7F glon K8sah K99=
MRHA%S#o] ¢l ¥4 type 1 somatic com-
mon pilie 7W% glon? Fae 71Ugs
AN AR HETFE s 8 Kooe 1 E
SAA gon ddiz ¥ 4ETE A &
Fsht 71UY Hgye $RsA X9 Pil

—147—



ARe vl AR 2L AR YdarE FF
S ue Aow 4#A glow, Lalanined] 93}
of Kogarie] Aol oA Hem? Lala-
nine 9 ojug} chloramphenicpolol] ¢]3}e]
K99atl el AAdo) ¢hxs] AAH U™ E. coli
= AgalelA A Aol pili BAs0l &
AR7E 3} AFE in vivodel 2 A 7)E
pili A5l 44 B OS AFHoA A
dlel el 987P 3l Aol FAE dFE

=29 Adste 987P7} thA] AAE Y-S E¢l
g om® Kggm 987P e AAo] Fdd

O

telol] 9 FF2 Minca brotholA] Zich i}
akod pili AJAJo] TAl o] FolRletaL A LH®

of Ayt A& pili A% ZHAIA pili B4
o] Azt WHg H3ty] syl A f71E
Mol B2 BHIAY TSAWA! Minca broth
o] g3t FAHY T okF m¥AHY F
o2} 9] MR-HA(Mannose-resistant hem-
agglutination) testZ AASIETH 2559 OK
YoM 85(32%) 7}, 4659 vl@d &
AP E 957(19.5%)7F FA &S YEhie
o 0141:K85& 648 2 128819 MR-HAZE
UehRlal 0138:K812 2u]e] Az MR-HA
7} el e 0139:K82%= MR-HA9] whg-2
AUt o] A= BEd 715 v pili
A5 2559 OK FHFeAME 85:(32%),
4659 vl Y Yo A= 957(19.5%)7F ¥ W
$9 MRHAZE ueillon oz dAY
O141:K85% 64u 2 128v]e] MRHAZIE e
Wolz 0138:K812 2 vie] Azx3 MRHAVE
debgon 0139:K82+= MRHASQ ukgo] ¢l
t}, ojdg A= OK Yol 54H FolA
MR-HAZ <13 pili 445E & BAvte 4
Ase] Azst AXFE AU T 5 AAUGST
ol 54 4% 465 g MRHA = 24 &

o,

oX M mo off

64809 ThS pili A S-S YERAITE Clegg®
& HAoA BeE idde] 4 veRgE
g3 go) A o] MRHAZS] 44 ubgeo A7
YA 9 & 4 AU

o} AFAES BE7 33 242 Alghan A
A owpex AW 7gjn GMi ganglioside
ELISA 5§ o]&&ted A7 old4, HWEA
Ao et @pHRBAOFHu glom he-
molysin AA el A@A#A N ta] HAE N
g, o] delMe gt giAdwe] st
hemolysin & =24 44 & dolr7] ¢ls)
GM: ganglioside ELISAS o] &at¢ict o9
F NF 5 525(73.2%) 7} f-hemolysing B4
91, 93(12.7%) 7} a-hemolysing: A8+
om 525(73.2%)7F |84 F54E A
o

Kramer®= OK 8333} hemolysin AA A}
olo] olEA =il W AT B
t}, o] AFANAE 457} a-hemolysing A3}
R 17571 0184 F54E AN eH od
A A=29 hemolysin A7l 3 g Fad
AL Ueplgdt. =3 Wiklund® 283 Ts-
uti’’ 5 Ef AEolA e diddy 72.5%
Z 82%7t AEAE A 79%9 B-hem-
olysin# & AHAAV} S& g o
Aol M= Feld 7159 E. coli 3#FE FH
hemolysis 2 ©oldA 54 AYAFE 52F
(73.2%)7F  B-hemolysing, 95(12.7%)7} «
-hemolysing ABAsIAT 527(73.2%) 7} ©|¥
A FEAE Ao ¢ OK 93 5%
Zd A 1657} B-hemolysing, 4F7} a-hem-
olysing AR 1757} 0194 4528 4
Astaen oldAd =49 hemolysin B
of WA FAAAE ERAATL

o] ArelA dojA Ad= Hir AEs) Fok

A
Sk

—148—



3} He g A9l slolA BAFoR iR
2 e A=Y AT HAREY s A%
2 7R 712A8E AT & U 2y o)
At Arbee aEQ odE HsiAE oY
A FEds WYeE & W €399 £x
A B3 AR W $A A &
o] 93 plasmid #4137 HAAY B A
encoding geneg 93] A7} o]Fojxok H

oha Az,

rhu

AepdEd] oFEA AT = A U g
X E. coli 54& A7) fste] £l
g Askebd 4, SAERY 3 A,

2 hemolysin A§Aj <]

OK 49 23 A=A 1
# 2AE AAste ded e AnE o

Act.

1L AgApge] FEAY HAL A=A 54F
N7 tAds BHsiden opdEs 25(36%)

Z9] OK 838& 0141:K85, 08:K87, 064:K,
0138:K81 §2& AU

2. Bag o}9)3E= Amikacin, Gentamicin,
cefoxitind] ZH4AuH-S-E YEeER] S  Tetrac-
yclin, Erythromycin, Nalidixic acidd] A3yt
$& UEIH

3. Pili %% ArelME OKEAHE 255 F
85(32%) 1A MRHASA wH-golglen 4652
H 25 OKEH A E 95:(19.5%)7F 44 W

?r
BN
4 o84 A=2E OK €39 255 % 175

oM AgEUReH

Z7F B-hemolysin, 28] 1L

ARt

LS
o0
o =

o]Z& 277} a-hemolysin, 12

35+ Y-hemolysing

—149—



o

P2 E 8

. Arbuckie JBR, 1968. The distribution of certain Escherichia coli strains in pigs and their en-
vironment. Brit Vet J. 124:152~155.

. Bar-shavit Z, Goldman R, Ofek I, Shron N and Mirelman D. 1980. Mannose-binding activity
of Eshcerichia coli : A determinant of attachment and ingestion of the bacteria by
macrophages. Infect Immun. 29:417~424.

. Bijlsma IG, de Nijs A, vander Meer C and Frik JF. 1982. Different pig phenotypes affect
adherence of Escherichia coli to jejunal brush borders by K88ab, K88ac, or K88ad antigen. In-
fect Immun. 37: 891~894.

Burrows MR, Sellwood R and Gibbons RA. 1976, Hemagglutinating anve properties
associated with the K99 antigen of bovine strains of Escherichia coli, J Gen Microbiol.
96:269~275.

. Chidlow JW and Porret P. 1977. Uptake of maternal antibody by the neonatal pig following
intramuscular and intramammary vaccination of the preparturient sow. Res Vet Sei. 23:185~
190.

. Clegg S. 1982. Serological heterogenesity among fimbrial antigens causing mannose-resistant
hemagglutination by uropathogenic Escherichia coli. Infect Immun. 35:745~748.

. Coates SR and Hoopes KH. 1979. Sensitivities of Escherichia coli isolated from bovine and
porcine enteric infections to antimicrobial antibiotics. Am J Vet Res. 41:1882~1883.

. Cravioto A, scotland SM and Rowe B. 1982. Hemagglutination activity and colonization fac-
tor antigens I and [ in enterotoxigenic and non-enterotoxigenic strains of Escherochia coli
isolated from humans, Infect Immun. 36:189~197.

. Czerkinsky CC and Svennerholm AM. 1983. Ganglioside GM1, enzyme-linked immunosorbent
assay for simple identification of heat-labile enterotoxin-producing Escherichia coli. J Clin
Microbiol. 17:965~969.

10. De Graaf FK, Klaasen-Boor P and VanHeer JE. 1980. Biosynthesis of the K99 surface anti-
gen Is repressed by alanine. Infect Immun. 30:125~132.

11. De Graaf FK, Wientjes FB and Klaasen-Boor P. 1980. Production fo K99 antigen by
enterotoxigenic Escherichia coli strains of antigen groups Os, Os, Oz and O grown at differ-
ent conditions. Infect Immun. 27:216~222,

12. Dreyfus LA, Friedmann LA and Robertson DC. 1984. Characterization of the mechanism of
action of Escherichia coli heat-stable enterotoxin. Infect Immun. 44:493~501.

13. Glantz PJ, Gyles CL, Greenfield J and gtskov F. 1974, Isolation of Escherichia coli O 157
from pigs with colibacillosis in canada and the united states. Can J Comp Med. 37:200~

—150—



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

202.

Gyles CL : Escherichia coli. Pathogenesis of bacterial infectious in animal. 2th edn. Gyles
CL and Thoen CO. ppl64~187.

Evans DG, Evans DJ, Taoa WS and Dupont HL. 1978. Detestion and characterization of
colonization factor of enterotoxigenic Escherichia coli isolated from adult with diarrhea. Infect
Immun. 19:727~736.

Evans DG and Evans DJ. 1978, New surface-associated heat-labile colonization factor Anti-
gen{CFA /II} produced by enterotoxigenic Escherichia coli of sewgroups Os, and QOs. Infect
Immun. 21:638~647.

Evans DJ, Evans DG, and Dupont HL. 1979. Hemagglutination patterns of enterotoxigenic
and enteropathogenic Escherichia coli determined with humans, bovine, chicken, and guinea
pig erythrocytes in the presence and absence of mannose. Infect Immun. 23:336~346.

Francis DH and Willgohs JA. 1991. Evaluation of a live avirulent Escherichia coli vaccine
for K88, LT" enterotoxigenic colibacillosis in weaned pigs. Am J Vet Res. 52:1051~1055.
Gaastra W. and De Graaf FK. 1982. Host specific fimbrial adhesins of non invasive
enterotoxigenic Escherichia coli strains not belonging to the classical serotypes. Infect Immun.
15:549~555,

Gaastra W and Graaf FK. 1982. Host-specific fimbrial adhesions of noninvasive ent-
erotoxigenic Escherichia coli strains. Microbiol Rev. 46:129~161.

Glantz P] and Kradel DC. 1971. Escherichia coli 0149:K91, K88ac:H10 isolated from pigs
with colibacillosis in the United states. Am J Vet Res. 32:1607~1608.

Graaf FK, Klemm P and Graastra W. 1980. Purification, characterization, and partial
covalent structure of Escherichia coli adhesive antigen K99, Infect Immun. 33:877~883.

Graaf FK and Roorda 1. 1982, Production, purification, characterization, of the fimbrial ad-
hesive antigen F41 isolated from calf enteropathogenic Escherichia coli strain B41M. Infect
Immun. 36:751~758,

Graff FK, Klaasen-boor DP, and Hees JE. 1980. Biosynthesis of the K99 surface antigen is
repressed by alanine, Infect Immun. 30:125~128.

Guinee PAA, Veldkamp J and Hansen WH, 1977. Improved Minca medium for the detec-
tion of K99 antigen in calf enterotoxigenic strains of Escherichia coli. Infect Immun. 15:676~
678.

Guinee PAM and Jansen WH. 1979. Behavior of Escherichia coli K antigens K88ab, K88ac,
and K88ad in immunoelectrophoresis, double diffusion and hemagglutination. Infect Immun.
23(3) :700~705.

Harel J, Lapointe H, Fallara A, Lortie LA, Bigras-Poulin M, Lariviere S, and Fairbrother

—151—



28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

JM. 1991. Detection of genes for fimbrial antigens enterotoxins associated with Escherichia
coli serogroups isolated from pigs with diarrhea, J Clin Microbiol. 29:745~752.

Jones GW and Rutter JM. 1972. Role of the K88 antigens in the pathogenesis of neonatal
diarrhea caused by Escherichia coli in piglet. Infect Immun. 6:918~923.

Kenworthy R and Allen WD, 1966. The significance of Escherichia coli to the young pig. J
Comp Pathol. 76:31~3b.

Klemm P, grokov I and grokov F. 1983. Isolation and characterization of F12 adhesive
fimbrial antigen from uropathogenic Escherichia coli strains. Infect Immun. 40:91~96.
Klipstein FA, Engert RF and clements JD. 1982. Development of a vaccine of cross-linked
heat-stable and heat-labile enterotixin that protects against Escherichia coli producing either
enterotoxin. Infect Immun. 37:550~557.

Klipstein FA, Engert RF, Houghten RA and Rowe B. 1984. Enzyme-linked immunosorbent
assay for Escherichia coli heat-stable enterotoxin, J Clin Microbiol. 19:798~803.

Kramer TT and Nderito PC. 1967. Experimental Escherichia coli Diarrhea in hyste-
rectomy-derived one day ,fasting pigs. Am J Vet Res. 28:959~964.

Krumperman PH. 1983, Multiple antibiotic resistance indexing of Escherichia coli to identify
high-risk sources of fecal contamination of Foods., Appl Environ Microbiol. 46:165~170.
Lindahl M and carlstebt 1. 1990. Binding of K99 fimbriac of enterotoxigenic Escherichia coli
to pig small intestinal mucin glycopeptide, J Gen Microbiol. 136:1609~1614.

Mcclane B and strouse R. 1984, Rapid detection of clostridium perfringens type A
enterotoxin by enzyme-linked immunosorbent assay. J Clin Microbiol. 19:112~115.

Moon HW, Isaacson RE and Polenz J. 1979. Mechanisms of enteropathogenia Escherichia
coli with intestinal epithplium. Am J Clin Nutr. 32:119~224.

Morgan RL, Isaacson RE, Moon HW, Brinton CC and To CC. 1978. Immunization of suck-
ling pigs against enterotoxigenic Escherichia coli-induced diarrheal disease by vaccinating
dams with purified 987p or K99 pili : Protection correlates with pilus homology of vaccine
and challenge. Infect Immun. 22:771~777.

Morris JA, Thornas AC, Scott W, Sojka J and Wells GA. 1982. Adhesion in vitro and in
vivo associated with an adhesive antigen(F41) produced by a K99 mutant of the reference
strain Escherichia coli B4l, Infect Immun. 36:1146~1153.

Nagy B, Moon HW and Isaacson RE. 1977. Colonization of porcine intestine by
enterotoxigenic KEscherichia coli : Selection of piliated form in vivo, adhesion of piliated
forms to epithelial cells in vitro, and incidence of al pilus antigen among porcine
enteropathegenic Escherichia coli. Infect Immun. 16:344~352.

Nagy B, Moon HW, Isaacson RE, To CC and Brinton CC. 1978. Immunization of suckling

-152—



42.

43.

4.

45.

46.

47.

43.

49.

0.

5L

92.

53.

pigs against enteric enterotoxigenic Escherichia coli infection by vaccinating dams with
purified pili, Infect Immun. 21:269~274.

Ree TA. 1959. Stuides on Escherichia coli of animal origin, 3, E. coli, serotypes from pigs. o
Comp Pathol. 69:334~338,

Ristaino PA, Levine charles RY. 1983. Improved GM1-enzyme-linked Immunosorbeat assay
for detection of Escherichia coli heat-labile enteroxin. J Clin Microbiol. 18:808~815.

Ronnberg B and wadstronn T. 1983. Rapid dectection by a coagglutination test of
heat-labile enterotoxin in cell lysates from blood agar-grown Escherichia coli. J clin Microbiol.
17:1021~1025.

Schneider RA and To SCM. 1982. Enterotoxignic Escherichia coli strains that express K88
and 987p pilus antigen. Infect Immun. 36:417.

Silverblatt FJ, Dreyer JS and Schauer S. 1979. Effect of pili on susceptibility of Escherichia
coli to phagocytosis. Infect Immun. 24:218~223.

Smith W, Gaastra JP, Kumerling JF, Vliegenthart G and de Graaf FK. 1984. Isolation and
structural characterization of the equine erythrocyte receptor for enterotozigenic Escherichia
coli K99 fimbrial adhesion, Infect Immun. 46:578~584.

Sojka W], Lloyd MK and Sweeney EJ. 1960. Escherichia coli serotypes associated with cer-
tain pig diseases. Res Vet Sci. 1:17~27.

Svennerholm A and wiklund G. 1983. Rapid GM1-Enzymelinked immunosorbent assay with
visual reading for identification of Escherichia coli heat-labile enterotoxin. J Clin Microbiol.
17:596~600.

Svennerholm AM and Holmgren J. 1978. Identification of Escherichia coli heat-lable
enterotoxin by means of a Ganglioside Immunosorbent assay(GM1-ELISA) procedure, Cur-
rent Microbiol. 1:19~23.

Tsuti T, Taga S, Honda T, Takeda Y and Miwatani T. 1982, Molecular heterogeneity of
heat-labile entrotoxins from human and porcine enterotoxigenic Escherichia coli. Infect Immun.
38:444~448.

World Health Organization (WHQ) 1983. Manual for Laboratory investigation of acute en-
teric infection. CDD, p.38~44.

@rskov 1, Grskov F, Jann B and Jann K. 1977, Serology, chemistry and genetics of O and
K antigen of Escherichia coli. Bacteriol Rev. 41:667~710.

—153—



