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TÓM TẮT 
Với 114 chủng E.coli phân lập từ lợn con mắc tiêu chảy đã xác định được 93/114 (81.58%) các 

chủng mang yếu tố bám dính. Trong đó: gen mã hóa yếu tố F4 phát hiện ở 49/93 (52.69%) chủng; 
F18 - 17/93 (18.28%) chủng; F6 - 15/93 (16.13%) chủng; F5 - 12/93 (12.90%) chủng. Các chủng 
E.coli phân lập được chủ yếu sản sinh độc tố Sta (58/114 chủng), STb (52/114 chủng) và LT (26/114 
chủng). 16 kiểu kết hợp giữa các yếu tố độc lực ở các chủng E.coli mang gen độc lực đã được phát 
hiện. Trong đó, kiểu kết hợp F4/LT/Stb, F4/Stb và F6/Sta chiếm ưu thế nhất, mỗi kiểu có 11 chủng; 
F4/Sta/Stb có 8 chủng; F4/Sta và F5/Sta mỗi kiểu 7 chủng; F4/LT/Sta, F5/Sta/Stb và F18/Sta/Stb/Stx2e 
mỗi kiểu 5 chủng; F18/LT/Sta/Stb, F4/LT/Sta/Stb, F4/LT, F18/Sta/Stb, F18/LT/Sta, F18/Stb và F18/Stx2e 
mỗi kiểu có 2 đến 4 chủng. Như vậy, nghiên cứu này đã khẳng định các chủng E.coli mang gen độc 
lực đóng vai trò quan trọng trong hội chứng tiêu chảy ở lợn con và lợn sau cai sữa. 

Từ khóa: Bám dính, độc tố, E.coli, lợn con, tiêu chảy.  

SUMMARY 
In total 114 E.coli strains which were isolated from diarrhea pigs, our study showed 93/114 

(81.58%) of isolated strains producing adhesive factors (fimbriae). In which gene encoded for fimbriae 
F4, F18, F6 and F5 were found as following: 49/93 (52.69%), 17/93 (18.28%), 15/93 (16.13%) and 12/93 
(12.90%) respectively. Isolated E.coli produced mainly 3 types of enterotoxins: Sta (58/114 
strains), Stb (52/114 strains) and LT (26/114 strains). Our study also revealed 16 patterns of 
enterotoxins from pathogenic E.coli. The most prevalent were F4/LT/Stb, F4/Stb and F6/Sta, in which 
there were 11 isolated strains of each type. The others 13 patterns were: F4/Sta/Stb, F4/Sta, F5/Sta, 
F4/LT/Sta, F5/Sta/Stb; F18/LT/Sta/Stb, F18/Sta/Stb/Stx2e, F4/LT/Sta/Stb, F4/LT, F18/Sta/Stb, F18/LT/Sta, 
F18/Stb and F18/Stx2e. This study was confirmed that E.coli with pathogenic genes played an 
important role on pig diarrhea in both sucking and weaning piglets.  
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1. INTRODUCTION  

Infectious diarrhea is one of the most common 
and important diseases in farm animals because of 
its high morbidity and mortality (Nagy et al., 1999; 
Nagy & Fekete, 2005). Diarrhea in swine 
represents 10.8% of pre-weaning mortality in some 
geographic locations of the world (Tubbs et al., 
1993). Among bacterial causes of diarrhea, E. coli 
is the most common and economically important 
(Bergeland et al., 1982).  

Enterotoxigenic Escherichia coli (ETEC) is a 
major cause of illness and death in neonatal and 
recently weaned pigs (DebRoy et al., 2001). The 
disease is usually caused by enterotoxigenic strains 
of the bacterium Escherichia coli, although 
nonenterotoxigenic strains of that organism may 
also occasionally cause the disease. Diarrhea is 
typically fluid and profuse, and frequently results in 
severe dehydration and circulatory shock. 
Enterotoxins produced by the ETEC strains 
pathogenic to pigs include heat-labile enterotoxin 
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(LT), and/or heat-stable enterotoxins STa (STI) or 
STb (STII). These organisms also produce fimbrial 
adhesins that mediate the adherence of the 
bacterium to the mucosal surface. The fimbriae 
produced include K88 (F4), K99 (F5), 987P (F6), 
F41, and F18 (David, 1999). Strains of ETEC that 
cause diarrhea in pigs possess two types of 
virulence factors, adhesins and enterotoxins, both 
of which are essential for disease to occur.  

This study was carrying out in order to: (1) to 
determine some genes encoding for fimbriae and 
enterotoxins of E.coli which were isolated from 
diarrhea pig; (2) to detect the recombinant types of 
enterotoxins; and (3) to confirm the role of 
pathogenic E.coli on swine diarrhea. 

2. MATERIALS AND METHODS 
2.1. Experiment design 

The study was carrying out from April 2007 to 
April 2008. In this study, we focused on farm 
diarrhea pigs from 1 to 60 days old at some 
provinces: Bac Ninh, Hung Yen, Hai Duong, Bac 
Giang and Ha Tay (previous).  
2.2. E.coli isolates 

Feces from each diarrhea piglet were taken 
aseptically from rectum, stored at 4oC, immediately 
transported to laboratory and then E.coli was 
isolated.  

Stool specimens were diluted in range from 
10-4, 10-5 and 10-6; transferred 0.2ml of each 
dilution to separated Macconkey agar plate (Merk, 
Germany). Suspected E.coli colonies were tested 
using IMViC method. E.coli was determined based 
on: Gram staining negative, Indole positive, Methyl 

red positive, Voges-Proskauer negative, Simmon 
Citrate negative. 

2.3. Extraction template DNA from E.coli 
Isolated E.coli strains were inoculated on 

Lactose broth (LB), incubated 37oC/18 hours. 200 μl 
of culture was dispensed into 1.5ml Eppendorf 
containing 1000 μl of sterile de-ionized water, 
vortex briefly. Heat shock at 100oC in 5 minutes, 
put on ice immediately. Centrifuge at 12000 rpm/ 5 
minutes. 200 μl of supernatant was taken as DNA 
template for PCR following the Protocol of 
Microbiology Lab, Miyazaki University. 

2.4. Polymerase chain reaction (PCR) 
To determine virulence gene of isolated E.coli, 

we performed PCR at laboratory of Pathology 
department, Faculty of Agriculture, University of 
Miyazaki, Japan. The primers used for PCR were 
listed in Table 1. PCR was carried out in reaction 
containing: 2 μl of DNA, 2 μl of 10 x PCR buffer, 
1.5 μl of 25 mMMgCl2, 0.25 μl of Taq DNA 
polymerase (Invitrogen), 0.5 μl of 10 mMdNTP, 
0.5 μl of each 10pM primers and distilled water up 
to 20 μl. After incubation at 950C for 5 min, the 
application was carried out in 30 cycles with 
denaturation at 950C for 1 min, annealing at 560C 
for 1 min, and elongated at 720C for 1 min. The 
final elongation was performed at 720C for 5 min. 
DNA of E.coli 107 was the positive control and 
mixture without the matrix was the negative control 
of the reaction. The electrophoresis of 10 μl of PCR 
products was performed in 1.2% agarose gel. The 
size of amplicons was compared with maker of  
100 bp DNA Ladder. 

Table 1. Primers used for PCR 

Name Reverse/Forward Sequence (5’-3’) Size (bp) 
F GAT-GAA-AAA-GAC-TCT-GAT-TGC-A F4 R GAT-TGC-TAC-GTT-CAG-CGG-AGC-G 841 

F CTG-AAA-AAA-ACA-CTG-CTA-GCT-ATT F5 R CAT-ATA-AGT-GAC-TAA-GAA-GGA-TGC 543 

F TCT-GCT-CTT-AAA-GCT-ACT-GG F6 R AAC-TCC-ACC-GTT-TGT-ATC-AG 333 

F GTG-AAA-AGA-CTA-GTG-TTT-ATT-TC F18 R CCT-GTA-AGT-AAC-CGC-CGC-GTA-AGC 510 

F GGG-TTG-GCA-ATT-TTT-ATT-TCT-GTA Sta R ATT-ACA-ACA-AAG-TTC-ACA-GCA-GTA 183 

F ATG-TAA-ATA-CCT-ACA-ACG-GGT-GAT Stb R TAT-TTG-GGC-GCC-AAA-GCA-TGC-TCC 360 

F TAG-AGA-CCG-GTA-TTA-CAG-AAA-TCT-GA LT R TCA-TCC-CGA-ATT-CTG-TTA-TAT-ATG-TC 282 

F CCT-TAA-CTA-AAA-GGA-ATA-TA St x 2e R CTG-GTG-GTG-TAT-GAT-TAA-TA 230 
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3. RESULTS AND DISCUSSION 
3.1. Virulence factors of isolated E.coli from 
        diarrhea piglets 

In order to determine the role of E.coli in pig 
diarrhea syndrome, we used PCR to analyse 114 
isolates (recovered from 73 pre-weaning and 41 
weaning pigs) to detect genes encoding for: (1) 
fimbriae F4, F5, F6 and F18; (2) toxins: heat 
stable toxin (Sta, Stb), heat labile toxin (LT), 
Shiga like toxin (St x 2e). The results were 
presented in table 2. 

PCR results showed that there was gene which 
encoded for adhesive pilus from most isolated 
E.coli strains: 93/114 (81.58%) of isolates 
expressing fimbriae. In which, gene encoded for F4 
fimbriae was found in 49/93 isolates (52.69%); 
17/93 isolates (18.28%) had gene encoded for F18; 
gene encoded for F6 was detected in 15/93 isolates 
(16.13%); and gene for fimbriae F5 presented in 
12/93 isolates (12.90%). We realized a high ratio of 
E.coli expressing fimbriae F4 in comparing with 
strains bearing fimbriae F5, F6 and F18. The high 
prevalence of F4 + E.coli reflected that F4 was the 
main adhesive pilus for attachment, colonization 
and then caused diarrhea in piglet (Nagy and 
Fekete, 1999). Gene encoded for fimbriae F4 was 
found in both sucking and weaning piglets. 
However, F4+ E.coli isolated from weaning was 
significantly prominent. This finding was agreed 
with previous study such as Wilson et al. (1986), 

Wittig et al. (1995), Hide et al. (1995) and Dean-
Nystrom et al. (2001). Those above authors showed 
that E.coli having gene encoded for F4 was 
detected mostly from weaning swine. Meanwhile, 
F4+ E.coli is believed to be responsible for a 
majority of neonatal colibacillosis cases as well 
(Moon et al., 1993).  

In Vietnam, Thuy et al. (2006) also detected 
F4+ E.coli from 1-21 day old piglet with diarrhea. 
According to Dean-Nystrom et al. (2001), gene 
encoded for F18 was usually found in E.coli 
isolated from edema and weaning diarrhea pig. 
Those genes encoded for F5 and F6 could be found 
only in sucking pig due to the susceptibility of pig 
to E.coli F5+, F6+ was decreased with the older 
pigs, it was unusual to be detected in pigs more 
than 2 weeks old (Runnels et al., 1980; Dean et al., 
1989; Helman et al., 2000). 

PCR results also showed that isolated E.coli 
strains produced mainly 3 types of enterotoxins 
(Heat stable: Sta, Stb; and Heat labile: LT). In 
which there was higher ratio of heat stable 
enterotoxins: gene encoded for Sta was found in 
58/114 isolates, Stb was found in 52/114 isolated; 
meanwhile there were 26/114 isolated E.coli 
possessed gene for LT toxin. Interestingly, Shiga 
like toxin (St x 2e) was detected only in 7 isolated 
E.coli of total 114 isolates. Francis et al (1999); 
Zhang et al (2007) showed Enterotoxigenic E.coli 
(ETEC) normally produced heat stable, heat labile, 
but rarely produced Shiga like toxin.  

Table 2. PCR results on detecting genes encoding for virulence factors of 
E.coli isolated from diarrhea piglets 

Virulence gene 

Fimbriae Toxin Age No of tested sample 

F4 F5 F6 F18 LT Sta Stb St x 2e 

Sucking 73 21 12 15 - 15 31 25 - 

Weaned 41 28 - - 17 11 27 27 7 

Total 114 49 12 15 17 26 58 52 7 

          



Determining virulence factors of Escherichia coli strains isolated from diarrhea piglets ...      

190 

Table 3. Patterns of virulence gene of isolated E.coli from diarrhea pig  

Toxin Toxin 
Negative Fimbriae 

LT LT Sta LT Stb LT Sta Stb Sta Stb Sta Stb Sta Stb St x 2e St x 2e  

F4 3 5 11 2 7 11 8 - - 2 

F5 - - - - 7 - 5 - - - 

F6 - - - - 11 - - - - 4 

F18 - 2 - 2 - 2 3 5 2 1 

Negative - - 1 - - 1 1 - -  

           

3.2. Patterns of virulence gene in isolated E.coli 
       from diarrhea pig  

The pathogenic or non-pathogenic E.coli 
determined their ability to express fimbriae and 
produce endotoxin (Moon et al., 1993; Alexander, 
1994; Francis et al., 2002). Therefore, it is possible 
to define Enterotoxigenic E.coli and differentiates 
from non pathogenic E.coli of normal gut 
microflora. The results in table 3 were showed that 
patterns of virulence gene determined by PCR 
using specific primer for all E.coli isolates.  

We found that most isolates, in which genes 
encoded for fimbirae were positive, produced at 
least 1 to maximum 3 kinds of toxin. 16 patterns of 
virulence genes were determined. The prominent 
patterns were: F4/LT/Stb, F4/Stb and F6/Sta, each 
type was presented in 11 E.coli isolated strains. 
There were 8 isolates belonging to F4/Sta/Stb 
pattern; 7 isolates belonging to F4/Sta; 7 strains 
belonging to F5/Sta; patterns of F4/LT/Sta, 
F5/Sta/Stb and F18/Sta/Stb/St x 2e were presented 
in 5 isolates. The others patterns F18/LT/Sta/Stb, 
F4/LT/Sta/Stb, F4/LT, F18/Sta/Stb, F18/LT/Sta, 
F18/Stb and F18/St x 2e were presented in 2 to 4 
isolated strains.  

It was really difficult to compare the detection 
ratio and also the pattern of virulence genes 
because there were many differences in 
environment, geographical area, vaccine history or 
method of studying, etc. However, some studies 
showed that there were some common virulence 
gene patterns of E.coli. For example, in USA from 
1999 - 2001, 50% of isolated E.coli from diarrhea 
pig presented F4/LT/Stb (Francis, D. H., 2002). In 
other study, Moon (1990) showed that E.coli 
isolated from diarrhea pig if expressed F4 fimbriae, 
they would probably produce LT and Stb (Sta was 

either positive or negative). Celemin et al. (1995) 
confirmed that the most common of enterotoxin 
virulence gene patterns of E.coli were either LT/Stb 
or LT/Sta/Stb. 

In this study, we also detected some isolated 
E.coli produced either fimbriae or toxin. For that 
finding, Nietfeld et al. (2002) showed that some 
E.coli strains could be fimbriae positive but toxin 
negative or reverse.  

4. CONCLUSIONS 

There were 93/114 of isolated E.coli (81.58%) 
expressing fimbriae. In which gene encoded 
fimbriae F4 was found in 49/93 isolates (52.69%); 
gene encoded for F18 was found in 17/93 isolates 
(18.28%); F6 gene found in 15/93 isolated strains 
(16.13%); and gene encoded fimbriae F5 was found 
in 12/93 isolates (12.90%). Isolated E.coli from 
diarrhea pigs produced mainly 3 types of toxin Sta 
(58/114 isolates), Stb (52/114 isolates) and LT 
(26/114 isolates). 

Sixteen (16) patterns of virulence genes of 
E.coli were detected. The prominent patterns were 
F4/LT/Stb, F4/Stb and F6/Sta, each type was 
presented in 11 isolated strains. These were 
followed by F4/Sta/Stb which was detected in 8 
isolated strains; 7 isolates belonging to F4/Sta and 
F5/Sta; patterns of F4/LT/Sta, F5/Sta/Stb and 
F18/Sta/Stb/St x 2e were presented in 5 isolates. 
The others patterns F18/LT/Sta/Stb, F4/LT/Sta/Stb, 
F4/LT, F18/Sta/Stb, F18/LT/Sta, F18/Stb 
F18/Sta/Stb/St x 2e were presented in 2 to 4 
isolated strains.  

This study confirmed that E.coli with 
pathogenic genes played an important role on pig 
diarrhea in both sucking and weaning piglets. 
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