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ABSTRACT: A total of 116 Escherichia (E.) coli isolates isolated from neonatal diarrhoeic piglets were serogrouped
and tested for the presence of virulence genes for fimbrial and non-fimbrial adhesins, intimin, and enterotox-
ins. Pulsed-field gel electrophoresis (PFGE) pulsotypes were also analyzed within O149 enterotoxigenic E. coli
(ETEC) isolates. In total, Sixty eight (58.6%) isolates were serotyped. Among them, forty three (63.2%) belonged
to 12 serogroups in the descending order: 0149, 08, 0157, 0101, 060, 09, 0117, 0127, 0138, 0167, 027 and
097. The predominant pathotype was ETEC (68, 58.6%) which is closely associated with F4 (37, 31.9%) and
LT:STb:EAST1 (23, 19.8%) out of the isolates harbouring at least one gene for toxin and/or fimbria. Among non-
fimbrial adhesins, porcine attaching and effacing-associated factor (paa) was closely associated with F4-positive
isolates (64.7%) rather than F18-positive isolates (5.9%). Adhesion involved in diffuse adherence (AIDA) was only
detected in 3 isolates. No eae-positive isolates were detected. The PFGE pattern of 15 0149 isolates was grouped
into 12 pulsotypes at 88% similarity level. The results show a wide variety of distinct restriction patterns though
all belonged to the same serogroup O149. It is believed that a broad array of O serogroup and virulence genes are
associated with neonatal diarrhoea in Korea.
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heat-stable enterotoxin 1, ETEC = eEnterotoxigenic E. coli, ND = neonatal diarrhoea, paa = porcine attaching
and effacing-associated factor, PFGE = pulseed-field gel electrophoresis, STEC = shiga toxin-producing E. coli

Escherichia (E.) coli is one of the enteric com-
mensals of warm blood animals and constitutes the
normal flora which plays an important role in pre-
venting enteric infections (Gyles 1994). However,
some strains cause diarrhoea and oedema disease
in which symptoms are exacerbated under condi-
tion of environmental stress such as feed change
and weaning in pigs. They have been divided into

several pathotypes according to their combinations
of virulence factors which include fimbriae, toxins
and intimin.

Among pathotypes, enterotoxigenic E. coli (ETEC)
is a well-known agent of neonatal diarrhoea (ND)
and it produces two groups of enterotoxins: heat-
labile (LT) and heat-stable toxins (ST) which are
subdivided into STa and STb. In addition, they can
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produce one or more fimbriae: F4, F5, F6, F18 and
F41 (Gyles 1994, 2010; Fairbrother and Gyles 2006).
Fimbriae are surface proteins that play a pivotal
role in adhesion to intestinal mucus and epithelial
cells (Nagy and Fekete 2005). ETEC strains which
express F4 or F18 are commonly associated with
diarrhoea in many countries (Francis 2002). F4-po-
sitive strains frequently produce LT and STb en-
terotoxins with or without STa. F18-positive ETEC
produce STa and STb toxins, sometimes with STX2
toxin. The most commonly reported serotypes of
ETEC associated with neonatal diarrhoea include
08, 09, 020, 064, 0101, 0138, 0141, 0147, 0149
and O157 (Francis 2002; Fairbrother and Gyles
2006; Gyles 2010). Shiga toxin-producing E. coli
(STEC), also called verotoxin-producing E. coli
(VTEC), are usually associated with post-weaning
diarrhoea (PWD) and oedema disease (ED). They
produce the Stx2e variant which causes systemic
vascular damage resulting in oedema disease and
frequently express F18 and adhesion involved in
diffuse adherence (AIDA).

Enteropathogenic E. coli (EPEC) have also been
associated with diarrhoea in pigs. They harbour
the eae gene encoding intimin, which plays a role
in intimate binding to enterocytes and in the ef-
facement of microvilli resulting in an impaired
absorption system. In addition, porcine attaching
and effacing-associated factor (paa) has also been
implicated in porcine diarrhoea (An et al. 1999;
Batisson et al. 2003)

Additionally, enteroaggregative E. coli (EAEC)
has been reported as a causative agent of human
diarrhoea in developing countries. EAEC produce
enteroaggrative E. coli heat-stable enterotoxin 1
(EAST1) which has also been found in ETEC iso-
lates from pigs suffering from diarrhoea (Yamamoto
and Nakazawa 1997; Veilleux and Dubreuil 2006)

Pulsed-field gel electrophoresis (PFGE) has been
performed to analyse the degree of genetic related-
ness or variability among various serotypes as well
as among isolates of the same serogroups originat-
ing from diarrhoeic piglets (Osek 2000; Blanco et
al. 2006; Vu-Khac et al. 2007). Enteric colibacillo-
sis is the most significant disease of newborn and
post-weaning piglets in pig industry. Although
some reports have focused on virulence genes
of pathogenic E. coli in Korea, there are limited
studies on the prevalence of the O-serogroup and
virulence factors in recent years. The objectives of
this study were to determine the prevalence of the
O-serogroup, virulence genes among E. coli iso-

lated from diarrhoeic piglets and PFGE patterns of
0149 ETEC which is the predominant serogroup
of diarrhoeic piglets in Korea. It is hoped that this
study will provide valuable insight into pathogenic
porcine E. coli and help to establish preventative
measures in Korea.

MATERIAL AND METHODS

E. coliisolates. Between 2007 and 2010, 116 E. coli
strains were isolated from diarrhoeic piglets at ages
of between five and 21 days. The farms consisted
of 100 different pig herds (50 to 100 sows per each
herd). The farms were divided into three areas:
northern (24 farms encompassing the Gangwon,
Gyeonggi and Incheon provinces), middle (26 farms,
Chungbuk and Chungnam provinces) and southern
part (50 farms, Chonbuk, Chonnam, Gyeongbuk
and Gyeongnam provinces). The aseptically col-
lected intestinal contents and faeces were inocu-
lated on MacConkey (BBL, USA) and blood agar
(Asan, Korea). After overnight incubation at 37 °C,
only pure and nearly pure cultured colonies were
selected and transferred to blood agar. Suspected
colonies were identified as E. coli using VITEK II
systems (bioMéreiux, France). Haemolysis was also
determined in blood agar. The tested isolates were
stored in 50% glycerol at —70 °C until further char-
acterisation.

Reference strains and O-serogrouping. Refe-
rence E. coli strains provided by Dr. ].M. Fairbrother
(EcL, Canada) were used for positive controls
for PCR: 7805 (F4:LT:STa:STb:EAST1:Paa),
6611 (STX1:STX2:eae:EAST1:Paa), 1033
(F18:AIDA), 2316 (F6:STa:STh:EAST1:Paa), 13316
(F5:F41:STa:Paa) and 3463 was used as a negative
control. O-group was determined using the slide
agglutination technique in an E. coli reference labo-
ratory (EcL, Canada) and tube agglutination using
rabbit antisera purchased from SSI (Serum Staten
Institute, Denmark).

Determination of virulence genes. The genes
for the toxins (LT, STa, STb, Stx1, Stx2 and EAST1)
and adhesins (F4, F5, F6, F18, F41, as well as eae,
paa and AIDA) were amplified using PCR. The
primers used in this study are listed in Table 1.
PCR was carried out using previously described
protocols with some modifications (Woodward et
al. 1992; Beaudry et al. 1996; Zhang et al. 2007).
All colonies were suspended in 200 pl of water and
boiled for 10 min. After centrifugation at 8000 x g,
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Table 1. Primers used in this study

Primer Oligonucleotide sequence Product size (bp) Reference

K88 (F4) TGAATGACCTGACCAATGGTGGAACC 484
GCGTTTACTCTTTGAATCTGTCCGAG

K99(E5) GCGACTACCAATGCTTCTGCGAATAC 230
GAACCAGACCAGTCAATACGAGCA

987P (F6) GCCAGTCTATGCCAAGTGGATACTTC 391
GTTTGTATCAGGATTCCCTGTGGTGG

F18 TGGCACTGTAGGAGATACCATTCAGC 230
GGTTTGACCACCTTTCAGTTGAGCAG 7h tal. (2007)

ang et al.

Fal TTAGCAGCGAAGATGAGTGATGGG 515 &
GTACTACCTGCAGAAACACCAGATCC

LT ACGGCGTTACTATCCTGTCTATGTGC 975
TTGGTCTCGGTCAGATATGTGATTC

STa GTCAGTCAACTGAATCACTTGACTCT 152
CATGGAGCACAGGCAGGATTACAACA

STh GCTACAAATGCCTATGCATCTACACA 125
CATGCTCCAGCAGTACCATCTCTAAC

Stx1 TTAGACTTCTCGACTGCAAAG 531

* TGTTGTACGAAATCCCCTCTG Woodward et al.(1992)
oodward et al.

Stx2 TTATATCTGCGCCGGGTCTG 397
AGACGAAGATGGTCAAAACG
CATTATGGAACGGCAGAGGT

eae ATCTTCTGCGTACTGCGTTCA 791 Beaudry et al. (1996)

AIDA AGTGGCGGGGCTCAGAACATCT 973
CTCAGTGGCATTAGCGCCAGCA
TGGCTGGACCAGGAAAGGCACT . .

paa AAGTGCGGGTGCCTTGAGGATG 584 modified for this study

EAST1 CTGGCCGAAAATGAAGGGGCGA 153

TAACTGGATGCGGGCCTTCGGA

the supernatant was used as a template for PCR
reactions. The total volume of 20 pl was composed
of 2 x Emerald Amp Master Mix (Takara, Japan),
2uM of each primer and 3 pl of the DNA template.
The amplified products were visualised using elec-
trophoresis in 2% agarose gels which were stained
with ethidium bromide.

Pulsed-field gel electrophoresis (PFGE). PFGE
was performed in a CHEF MAPPER system (Bio-
Rad) at 14 °C in 0.5X TBE using the Enternet-
proposed standard protocol for PFGE (http://www.
foodborne-net.de/content/e25/e70/e580/index_ger.
html). Cleavage of the agarose-embedded DNA was
carried out using 1.2 IU/ul Xbal (TAKARA, Japan)
according to the instructions of the manufacturer.
Run and pulse time were 2.21 to 54.19 s for 19 h
with linear lamping. PFGE was used to establish
clonal relatedness and diversity among a repre-
sentative group of 0149 isolates. To compare the
PFGE pulsotypes, TIFF files were analysed with
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BioNemerics software (Applied Maths, Belgium).
Cluster analysis of the Dice similarity indices based
on the unweighted pair group method using arith-
metic average (UPGMA) was undertaken to gen-
erate a dendrogram describing the relationship
among 0149 ETEC pulsotypes

RESULTS

Serogroups and haemolytic activity

Of the 116 E. coli isolates, O-serogroup was con-
firmed for 68 (58.6%) but not for 48 (41.4%). Sixty
eight isolates belonged to 29 different O-serogroups
(Table 2 and 3). Among them, forty three isolates
(63.2%) belonged to 12 serogroups in the descending
order: 0149, 08,0157, 0101, 060, 09,0117, 0127,
0138, 0167, 027 and O97. The other serogroups
were O1, 02, 045, 054, 063, 076, 078, 086, 0100,
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Table 2. O-serogroups, haemolysis and fimbrial adhesins of 116 E. coli isolates from piglets with neonatal diarrhoea

Number Number

Number of isolates expressing the fimbrial gene

O-serogroup

of isolates (%)  of haemolysis F4 F5 F6 F18  F41 F4:F41 F5F41 None
0149 15 (12.9) 14 14 0 0 0 1 0 0 0
08 4(3.4) 2 0 0 0 1 0 0 0 3
0157 3(2.6) 1 2 0 0 0 0 0 0 1
0101 3(2.6) 0 0 0 0 0 0 0 0 3
060 3(2.6) 0 0 0 0 0 0 0 0 3
09 3(2.6) 0 0 0 1 0 0 0 1 1
0117 2(1.7) 0 0 2 0 0 0 0 0 0
0127 2(1.7) 1 0 0 0 2 0 0 0 0
0138 2(1.7) 2 2 0 0 0 0 0 0 0
0167 2(1.7) 0 0 0 0 0 0 0 0 2
027 2(1.7) 0 0 0 0 0 0 0 0 2
097 2(1.7) 0 0 0 1 0 0 0 0 1
os* 25 (21.6) 11 5 0 0 1 0 0 1 18
NT** 48 (41.5) 14 13 5 0 1 0 1 1 27
Total 116 (100) 45 36 7 2 5 1 1 3 61

*other serogroup (number of isolates): O1, 02, 045, 054, 063, 076, 078, 086, 0100, 0116, 0119, 0120, 0142, 0147,

0148, 0159, nonspecific reaction (3)
**non typable

0116, 0119, 0120, 0142, 0147, 0148 and O159.
The predominant serogroup was 0149 from which
15 isolates were associated with F4 (14 isolates,
93.3%) and LT:STh:EAST1 (seven isolates, 46.7%).

Haemolytic activity was demonstrated in 45
(38.7%) out of the 116 isolates tested (Table 2).
Among them, F4-positive isolates (34 of 37 isolates,
91.8%) were more likely to be haemolytic than F5-
and F6-positive isolates (0 of 9 isolates, 0%). Twelve
isolates that carried both fimbriae and toxin genes
were not haemolytic. Two isolates that did not carry
virulence genes were haemolytic.

Adhesion and toxin genes

Among 116 isolates, 71 isolates (61.2%) harboured
at least one gene for toxin and/or fimbria (Table 2
and 3). Among fimbrial genes, the predominant
gene was F4 (37, 31.9%) followed by F5 (10, 8.6%),
F18 (5,4.3%) and F41 (5, 4.3%). Of toxin genes, the
predominant gene was EAST1 (48, 41.4%), followed
by LT (36, 31.0%), STb (36, 31.0%), STa (28, 24.1%)
and Stx2 (3, 2.6%). Although EAST1 was commonly
detected, 10 isolates (8.6%) harboured EAST1 as
the only virulence gene. One isolate harboured the

gene for Stx1 and was typed as 0167 (Table 3). Of
non-fimbrial genes, paa was detected in 34 isolates
(29.3%) and AIDA was only isolated from three
isolates (2.6%) from diarrheic piglets (Table 5). No
eae genes were identified.

Frequency of virotypes (combination
of toxin and adhesion)

The frequency of virotypes is shown in Table 4.
Of 116 isolates, the predominant virotype was
F4:LT:STb:EAST1 (20, 17.2%) followed by F5:STa
(7, 6.0%) and F4:LT:STa:STb:EAST1 (3, 2.6%)
and LT:STb:EAST1(3, 2.6%). The F18:STa and
F5:F41:STa virotypes were only detected in two
isolates, respectively. The virotype of STb:EAST1
with or without AIDA was detected in three iso-
lates (2.6%)

Association between fimbrial
and non-fimbrial adhesion genes

All the non-fimbrial adhesion genes were present
together with the other virulence genes (Table 5).
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Table 3. Relationship between toxin gene profile and O-serogroup of 116 E. coli isolates identified from piglets with

neonatal diarrhoea

Toxin gene profile
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0149 15 (12.9) 1 o o 1 1 1 o0 o0 1 ©0 2 7 0 1 0 0 0
08 4 (3.4) o 1 o 0O O O o O O O 0O O O O 0 o0 3
0101 3 (2.6) o 0 o O O O o O O O 0O O O O 0 0 3
0157 3 (2.6) o 0 o o0 O O o O 1 0 0 2 0 0 0 0 0
060 3 (2.6) o 0 o O O O o O O O O O O O 0 0 3
09 3 (2.6) o 2 o 0O O 0O o0 O O O o0 1 O O 0 0 0
0117 2(1.7) o 2 o 0O O 0O 0O O O O O O O O 0 0 0
0127 2(1.7) o 0 o O O O o O O O 1 ©OoO 0 O 0 1 o0
0138 2(1.7) o 0 o O O O o O O O O 2 0 0 0 0 0
0167 2(1.7) o 0 1 o0 o0 O 0 o0 O O 0 o0 0 0 o0 0 1
027 2(1.7) o 0 0 o0 O O 0O O O O 0O O 0O 0 0 0 2
097 2(1.7) o 1 0 o0 O O 0O o O O o0 1 0 0 0 0 0
0s* 25 (21.6) 1 1 0 7 1 o0 o0 O o0 1 O 3 1 o0 1 0 8
NT* 48 (41.5) 6o 5 0 2 ©O0 1 3 2 1 0 0 7 0 1 2 0 24
Total 116 (100) 2 12 1 10 2 2 3 2 3 1 3 23 1 2 3 1 45

Relationship of toxin gene profile and O-serogroup of 116 E. coli isolates identified from neonatal diarrhoea
*other serogroup (number of isolates): O1, 02, 045, 054, 063, 076, 078, 086, 0100, 0116, 0119, 0120, 0142, 0147,

0148, 0159, nonspecific reaction (3)
**non typable

Although 34 isolates (29.3%) of 116 isolates tested
had a paa gene, they accounted for 61.9% of 42 iso-
lates harbouring F4 or F18 genes. The paa gene
was more frequently detected in the F4-positive
isolates (64.7%) than in F18-positive isolates (5.9%).
AIDA was detected only in three isolates of the
116 isolates tested and two of three were in com-
bination with F4. The eae gene was not detected
in this study.

PFGE pattern of 0149 ETEC

Fifteen 0149 ETEC isolates were selected for
analysis using PFGE. The Xbal-restriction pat-
tern of the other 15 0149 isolates was clustered in
12 groups at 88% similarity level according to the
Dice similarity index. There was a high degree of

472

polymorphism among isolates of the same sero-
group O149. The highest homogeneity was observed
among seropathotype 0149 F4:LT:STb:EAST1:Paa
with two strains showing 100% similarity.

DISCUSSION

As in other countries, E. coli infection is one
of the main enteric problems of pig industry in
Korea. To diagnose enteric colibacillosis, the detec-
tion of O-serogroup and virulence genes includ-
ing adhesins and toxins has been recommended
worldwide. In the present study, the prevalence of
O-serogroups, virulence genes and the PFGE pat-
tern of 0149 ETEC were investigated. Although a
variety of O-serogroups have been associated with
diarrhoea, only a limited number of serogroups
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Table 4. Relationship between fimbriae and enterotoxins of 116 E. coli isolated from piglets with neonatal diarrhoea

Fimbriae
Toxins
F4 F5 F6 F18 F41 F4:F41 F5:F41 None

None 1 0 0 0 0 0 0 45
EAST1 0 0 0 0 1 0 0 9
LT 2 0 0 0 0 0 0 0
STa 1 7 2 2 0 0 2 0
STX1 0 0 0 0 0 0 0 1
LT:STa 1 0 0 0 0 0 0 0
LT:STb 2 0 0 0 0 0 0 0
STa:EAST1 0 0 0 1 0 0 1 0
STa:STb 2 0 0 0 0 0 0 0
STbh:EAST1 1 0 0 0 0 0 0 1
STX2:EAST1 0 0 0 0 0 0 0 1
LT:STa:STb 1 0 0 0 0 0 0 0
LT:STa:STX2 0 0 0 1 0 0 0 0
LT:STa:EAST1 2 0 0 0 0 0 0 0
LT:STh:EAST1 20 0 0 0 0 0 0 3
STa:STb:EAST1 1 0 0 0 0 1 0 0
LT:STa:STb:EAST1 3 0 0 0 0 0 0 0
LT:STa:STX2:EAST1 0 0 0 1 0 0 0 0

have been reported in enteric infections of piglets
(Gyles 1994, 2010; Frydendahl 2002; Chen et al.
2004). In this study, only 12 serogroups (08, O9,
027, 060, 097, 098, 0101, 0117, 0127, O138,
0167, 0149 and O157) accounted for 63.2% of the
typable isolates. Of these 12 serogroups, 08, O9,
0101, 0149 and O157 have been commonly isolat-
ed in cases of neonatal diarrhoea in different coun-
tries (Francis 2002; Frydendahl 2002; Fairbrother
et al. 2005; Vu-Khac et al. 2007; Gyles 2010). The
frequencies of serogroups could vary from area to
area and over time in specific regions (Harel et al.

Table 5. Relationship between fimbrial and non-fimbrial

adhesins

Non-fimbrial adhesions (%)

AIDA paa eae
F4 (n = 37) 2 (66.6) 22 (64.7) 0
F18 (1 = 5) 0 2 (5.9) 0
Toxin genes 1(33.3) 2(5.9) 0
Number of fimbriae 0 8 (23.5) 0
Total 3 (100) 34 (100) 0

1991; Chen et al. 2004; Fairbrother et al. 2005).
This implies that regional differences or other se-
lective advantages may result in E. coli strains with
certain O-serogroups adapting to survival in the
swine intestine and their environment (Chen et
al. 2004). Kwon et al (Kwon et al. 1999) reported
that the major serogroups were 0101, O8, 020 and
045, all of which were isolated from diarrhoeic
piglets from 1995 to 1997. In the current study, the
predominant serogroup was 0149 followed by O8,
0157 and O101. It is apparent that the predominant
serogroup has shifted from O101 to O149 over the
last 10 years on Korean farms although the 0101
serogroup has mainly been isolated from fields.
The O149 serogroup has been determined to be
the dominant serogroup in cases of neonatal and
postweaning diarrhoea in many countries (Chen et
al. 2004; Fairbrother et al. 2005); Frydendahl 2002;
Vu-Khac et al. 2007; Gyles 2010)

In this study, 31.9 % of all isolates were positive
for the F4 gene, indicating that F4-positive E. coli
are the most prevalent in Korea. This is in accord-
ance with earlier reports from other countries such
as the US (Zhang et al. 2007), Denmark (Frydendahl
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2002), and Slovak Republic (Vu-Khac et al. 2007).
Although F5 and F6 fimbria have frequently been
detected in isolates from suckling piglets with diar-
rhoea (Garabal et al. 1997; Francis 2002), F5 and
F6 were only detected in 10 isolates (8.6%) and
two isolates (1.7%) in this study, respectively. It is
interesting that a shift in the major fimbria has
been reported in Korea over the last decade. F6 was
the predominant adhesion factor in the late 1990s
which was replaced by F5 in the mid-2000s (Kwon
etal. 1999, 2002; Lee et al. 2009). Thereafter, F5 was
in turn substituted by F4 in the late 2000s (Kim et
al. 2010). Those reports support our data in that
F4 appears to be the predominant adhesion factor
of E. coli in recent years. Although the causes are
unclear, it is possible that the use of indigenous
and commercial vaccines could induce antigenic
variation and the resistance of pigs with F5 and
F6 from two to four weeks of age (Francis 2002).

Haemolysis has been considered as one of the
determinants of virulence (Frydendahl 2002; Nagy
and Fekete 2005). In this work, only 45 isolates
(38.7%) were haemolytic. However, F4-positive
isolates were more likely to be associated with
haemolysin (94.4% of F4-positive isolates). On the
other hand, All the F5- and F6-positive isolates
were non-haemolytic (Francis 2002; Gyles 2010).

The predominant virotype identified was
F4:LT:STb:EAST1 (26.7%) among the isolates con-
taining at least one of the adhesion and toxin genes.
F5-positive isolates were exclusively associated with
STa. The virotype of STb:EAST1 with or without
AIDA was also detected in three isolates (2.6%),
which may be pathogenic and induce diarrhoea
(Ngeleka et al. 2003). Although some pathotypes
tend to produce multiple enteroroxins capable of
inducing diarrhea, F4ac strains that express only LT
or STb enterotoxin are virulent for gnotobiotic pigs
(Zhang et al. 2006, 2007). The association between
F4 and either LT:STb:EAST1 or LT:STa:STb:EAST1
has been reported previously (Fairbrother and Gyles
2006; Gyles 2010). LT- and STb-positive isolates were
more prevalent than STa in ETEC from pigs older
than one week (Dubreuil 2008). This is in agreement
with the studies of Harel et al. (1991) and, Osek and
Truszczynski (1992) who also found STb as the most
prevalent toxin isolated from diarrhoeic piglets in
Canada and Poland, respectively.

The Stx1 and Stx2 toxins were detected in one
(0.8%) and three (2.6%) of 116 isolates, respectively.
Although the prevalence was lower than in a pre-
vious report (Kim et al. 2010), it is still possible
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that piglets harbour reservoirs of STEC which are
pathogenic for humans.

Paa-positive isolates were more likely to associate
with F4 (64.7%) than with F18 (5.9%). The paa gene
was first identified in porcine enteropathogenic
E. coli and has been found in ETEC of O149:H10
(An et al. 1999). However, the role of porcine paa
in ETEC pathogenesis is not fully known. In previ-
ous reports, it was commonly found in F4-positive
strains (An et al. 1999; Leclerc et al. 2007).

AIDA has been detected in ETEC and STEC from
ND and PWD in Korea (Ha et al. 2003, 2004). It is
also known that F18 and AIDA are localised on the
same plasmid (Mainil et al. 2002). In this work, we
detected AIDA in three isolates, two of which were
F4-positive. This is in accordance with the results
of Ha et al. (2004)

No eae-positive isolates were detected in this
study. Although the eae gene has been detected in
E. coli from diarrhoeic ND piglets, they do not carry
toxin genes (Vu-Khac et al. 2007; Ha et al. 2008).
The eae gene can also be detected in non-diarrhoeic
piglets which thus may be carriers of eae-positive
E. coli (Vu-Khac et al. 2007).

EAST]1 toxin belongs to the STa family of en-
terotoxins and has been recovered from porcine
ETEC (Yamamoto and Nakazawa 1997; Choi et al.
2001). However, E. coli strains from pigs without
diarrhoea also carried the EAST1 gene (Ngeleka
et al. 2003; Zajacova et al. 2012). In this study, the
EAST1 gene was most commonly present together
with other toxin genes (LT, STa and STb). In only
10 (20.8%) out of 38 isolates was EAST1 present
as the only toxin.

PFGE has been used to reveal the inter- and
intra-serogroup genetic relatedness of porcine
E. coli (Osek 2000; Blanco et al. 2006; Vu-Khac
et al. 2007). The results obtained in this study re-
vealed a high degree of polymorphism among 15
0149 serogroup isolates from diarrhoeic piglets
with virulence genes (F4, LT, STa, STb, Paa and
EAST1). These results are in accordance with the
findings of Vu-Khac et al. (2007) in Slovak Republic.
In contrast to our results, Osek (2000) showed a
strong genetic homogeneity within 25 0149:K91
isolates in Poland. Therefore, there exist different
clusters in the most prevalent serogroup isolated
from piglets with diarrhoea in Korea even though
they harbour the same virulence genes.

The results reported here provide not only epide-
miological data regarding the prevalence of known
serogroups and virulence factors but could also be
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used to design control measures for enteric coliba-
cillosis in Korean piggeries.
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