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Abstract: Seventy four pathogenic swine Escherichia coli strains were 1solated from large-scale pig farms
5 provinces in Southern China. Fourty seven kinds of single-factor O-antigen serum were used to classify the
serotypes of 1solates. The serotypes of 66 of 74 swine Escherichia coli strans had been identified which
belonged to 14 serotypes. Qs i, Qs Oy and Oy were the dominant serotypes. There were 8 strains failed
to be identified, accounting for 10.8% of the total strains. Eighteen swine Fscherichia coli strains were selected
from the dominant serotypes to pathogenicity test in mice. The results showed that 7 of 18 representative
strains were virulent strains. Further, researchers analyzed the Outer Membrane Protein (OMP) of 7 virulent
strains, the result showed that OMP of 7 strains, respectively from 1-3 protein bands which belonged to 3 OMP
type (I~IIT). This is first time in Southern China to investigate systematically on the predominant serotypes of
pathogenic swine Fscherichia coli and laid a foundation on the prevention and control of porcine colibacillosis

as well as the research of new OMP subunit vaccine.
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INTRODUCTION

Escherichia coli (E. coli) belong to Gram-negative
bacillus which can lead to colibacillosis in pigs of all age
especially for piglets. According to the age and clinical
symptoms can be divided into yellow dysentery of
newborn piglets, white dysentery of postweaning piglets
and Edema disease (Pluske, 2013; Russo and Johnson,
2003; Gniffin and Tauxe, 1991; Karmali, 1989; Mimats and
Roe, 1968). The disease is epidemic in many countries and
regions which cause high morbility, mortality and huge
economic losses (Ding et al., 2012). Tt is one of the
important diseases affecting pig production which
takes difficulty to the prevention and control. The
classification of E. coli was mainly based on the
O-antigen (Moredo ef af., 2012, Evans et al, 1980,
Osman ef al., 2012; Zhang et al., 2012; Glantz and Jacks,
1969, Cai et al., 2005). Presently, 173 kinds of O-antigen
have been identified. The O,, O, O, O, Ot O Opas
0., and others may cause porcine colibacillosis. The
prevention of this disease mainly adopts wvaccine
approach. Due to low cross protective mmmumty of
vaccines between the numerous serotypes £E. coli,
the colibacillosis prevention should base on full
investigation of the predominant pathogenic serotypes.
Correspondingly, the vaccine can only be used in small

range (Johnson et al., 1996). OMP of E. coli has good
immunogenicity (Ruiz et al., 2001 ; Bhattacharjee et al.,
1996, Ruiz et al., 2001; Liechti and Goldberg, 2012)
which may have cross protection to different strains.
Development of OMP subumt vaccine may be much
effective. One hundred and thirty four samples were
collected from 38 large-scale pig farms in 3 provinces in
Southern China to investigate the epidemic situation and
dominant serotype distribution of porcine colibacillosis.
At the same time, comparative analysis on the OMP of the
E. coli virulent strains were studied. It provides the
theoretical basis for the prevention and control of the
disease and lays a foundation to the research of E. coli
OMP subunit vaccine.

MATERIALS AND METHODS

Samples collection, bacterial culture, biochemical tests
and serotypes classify: Porcine samples (including liver,
spleen, mesenteric lymph nodes and other organ) were
collected from 38 large-scale pig farms in 5 provinces in
South Chma (Table 1). The samples were cultured on
MocConkey medium for the mitial 1solation of the bacteria
for 18 hat 37°C. The single pink colonies were picked and
seeded on eosin methylene blue medium which was used
to isolate the colonies with metallic luster. Smear staining
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to detect whether the bacteria were Gram-negative
bacteria by their morphology. The biochemical properties
were observed and recorded including glucose, maltose,
nitrates, lactose, indole, MR, sucrose, gelatin and VP.
Seventy four swine E. coli strains have been defined by
1solation and culture, morphological characteristics and
biochemical tests. Forty seven kinds of E. coli O-antigen
single-factor serum were used to glass agglutmation
test (Wilson and Svendsen, 1972) to serotype the E. coli
strains (Bvans et al, 1980, Glantz and Jacks, 1969,
Cai et al., 2005).

Pathogenicity test in mice: Analyzed the glass
agglutination test result, 18 swine E. coli strains were
selected as the dominant serotypes and inoculated to
Kunming SPF mouse. Each groups including 4 mice and
each mice received 10° CFU mL™" bacteria in 0.2 mL
through mtraperitoneal mjection route. Four SPF mice
were kept as control and each of them received 0.2 ml.
nutrient broth through the same route. The morbidity and
mortality of mice were recorded. Liver of dead mice was
selected sterilely and cultured on MocConkey medium
for 18 h at 37°C, the isolates were re-identified by
conventional method. Bacterial virulence assessment
standards: Strains can lead to 3 or 4 mice died are virulent
stramns, 2 died were medi-virulent strams, 1 died were low
strains, not lethal to avirulent strains.

Table1: Source of 74 isolates of E. coli from large-scale pig farms in

Southern China
No. of

Districts igolates  Organ sources

Guangdong

Huayang 3 Liver, mesenteric lymph nodes and spleen

Ruhu 3 Liver, mesenteric lymph nodes, kidney and heart

Hengli 5 Liver, mesenteric lymph nodes, kidney and spleen

Huizhou 3 Liver, kidney, spleen and heart

Conghua 2 Liver, kidney and spleen

Enping 7 Liver, mesenteric lymph nodes, kidney, spleen and
heart

Guangxi

Bobai 4 Liver, kidney and spleen

Kingye 2 Liver

Pingguo 3 Liver, mesenteric lymph nodes and kidney

Shaoping 5 Liver, mesenteric lymph nodes, kidney, spleen and
heart

Luchuan 2 Liver and spleen

Beihai 5 Liver, kidney and spleen

Fujian

Zhuzhou 4 Liver, kidney and spleen

Yongxing 2 Liver and kidney

Chenxi 3 Liver, kidney and spleen

Hunan

Zhuzhou 6 Liver, mesenteric lymph nodes, kidney and spleen

Yongxing 4 Liver, heart and spleen

Chenxi 3 Liver, kidney and spleen

Jiangd

JiAn 4 Liver, mesenteric lymph nodes, kidney and spleen

Fuzhou 3 Liver, kidney and spleen

Shangrao 1 Liver

The outer membrane protein of dominant E. celi
serotypes preparation: Seven E. coli virulent strains were
selected and cultured on nutrient agar plates. Single
colomes were mnoculated mto 6 mL nutrient broth for 18 h
at 37°C. The cells were harvested by centrifugation at
6,000 rpm min~" for 10 min at 4°C. The precipitation was
re-suspended in 5 mL HEPES (10 mmol L™, pH 7.4) and
decomposed by ultrasonic cell fragmentation instrument
for 10 min at 78 W. The precipitation were collected by
centrifuged at 6,000 rpm min~" for 10 minat 4°C then mixed
them with 2% N-lauroyl sarcosine (5/1 V/V) and put at
room temperature for 30 min. The precipitation was
collected after ultracentrifugation and was suspended in
4 mL HEPES (10 mmoel L), pH 7.4). The production was
analyzed by SD3-PAGE.

RESULTS

Seventy four swine E. coli strains were 1solated from
the samples collected in Southern Chma. Cultured on
MocConkey medium for 18 h at 37°C, the colonies are
pink, orbicular, flattened, neat edge, smooth surface.
Cultured on eosin methylene blue medium for 18 hat 37°C,
the colomes are purple with metallic luster. Staming
and observing under microscope, these colonies blunt
ends Gram-negative bacteria. Biochemical test results
suggested that 74 1solates are all Z. cofi (Fig. 1).

The glass agglutination test suggested that 66 of 74
swine F. coli strains belonged to 14 different serotypes.
The dominant serotypes were O, O, Qo O O,
accounting for 70.3% of the total. Another 8 strains
remain undefined, accounting for 10.8% (Fig. 2). Eighteen
representative strains were selected from the dominant
serotypes O, Oy, O, Oy and Oy, to pathogemicity
test n mice. According to the results there were 7 virulent
strains among the 18 strains, 7 medi-virulent strains, 2 low
virulent strains and 2 avirulent strains (Fig. 3).

Serotyped in Oy, Oy, Oy, Oy and O, respectively
the OMP of 7 swine E. cofi virulent strains were extracted
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Fig. 1: Biochemical identification of the isolated strains
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Fig. 3: Pathogenicity test of serotyped swine E. coli
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Fig. 4: Results OMP of 7 virulent stram SDS-PAGE
electrophoresis. M = Marker; 1 = GX-1 belongs to
Oy, serotype; 2 = GX-2 belongs to O,;, serotype;
3 =FI-1 belongs to Oy, serotype; 4 = GD-1 belongs
to Oy, serotype, 5 = GD-2 belongs to O
serotype; 6 = GD-3 belongs to O, serotype;
7 = GD-4 belongs to Oy, serotype

and analyzed by SDS-PAGE. The protein bands were
between 3140 kD, mainly mn 37 kD that coimncided with the
reported molecular mass of OMP extracted from poultry
E. coli. The result suggested that the OMP proteins were
extracted successfully (Fig. 4). Presently there are no
standards to distinguish the type of the OMP protein. The
OMP protein were classified by the number of the protein
bands between 31~40 kD. Each E. coli strains had 1~3
main OMP bands located between 31~40 kD. Base on this
result, researchers classified the virulent E. coli strains
nto 3 types, OMP-I, OMP-II and OMP-III. The main OMP
of GX-2 and GD-1 E. coli strains were similar and
composed of 1 protein band, classified ag OMP-I. GX-1,
FI-1, GD-2 and GD-3 E. coli strains were similar and
composed of 2 protein bands, classified as OMP-II. GD-4
E. coli strain composed of 3 protein bands, classified as
OMP-IIL

DISCUSSION

In this study, the 74 swine E. coli strains were
isolated and serotyped in large-scale pig farms in
Southern China firstly. When serotyping the swine
E. coli, the O-antigen of certain bacteria could react with
several single-factor sera. Some F. coli strains reacted
with several single-factor sera due to the cross-reaction of
O-antigen. These strains may share the same epitopes or
have several surface antigens. Presently, serological
method 1s widely used for the typing of E. coli, further
studies on common antigen of E. coli need to be
developed.

The prevalence serotypes of swine pathogenic
E. coliwill change in different regions and time (Cai et al.,
2005; Johnson ef al., 1996). Even, in the same area may
change when time passed. In 2005, Shanxi Province, the
predominant serotypes of swine Z. coli were O, Oy,
Ous, Op; and Oy In 2008, the results of E. coli
investigation of some farms in East China suggested that
Ouss Oigge Opsey Oy and O, were the dominant serotypes.
In 2009, the dommant E. celi serotypes of Guangdong
Province were O, O, O, and O,,;. Tn 2010, the dominant
serotypes were O, and O,. In the research, 74 swine
E. coli strains belonged to 14 specific serotypes and
8 strains were unclassified. The dommant E. cofi
serotypes were O, O, and O, Whether the 8 strains
belonging to the serotypes in addition to the 47 major
types or the new epidemic serotypes, needed to further
research. In the provinces in Southern China, the E. coli
serotypes were diversity distribution. In the same large
plg farm several serotypes strains existed at the same time.
Therefore, the investigation of E. coli in large pig farms
must be conducted periodically. Prevention and control of
porcine colibacillosis is to develop effective vaccine.
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Generally, enzyme electrophoresis method or
determination of OMP type was used to study the genetic
correlation of E. coli. OMP type determination is mainly
through determination of OMP and comparison of
different strains to be classified. The classification of
E. coli OMP has no uniform standards. In this study, the
types were classified based on the mumber of OMP bands.
SDS-PAGE result suggested that 8 £. coli strains of
5 serotypes were divided into 3 subtypes of OMP. Strains
in Oy, Oy, and O, ; belonged to the same OMP type. But
the same serotype isolations such as O, belonged to
different OMP type. To sum up, the same serotype
isolations might belong to different OMP types. The
different serotype isolations might have the same OMP
type.

In recent years, vaccine immunization was used to
control porcine colibacillosis. But the polyvalent vaccine
can not meet the requirements of protection. Based on the
OMP type, the immunodominant antigen as subunit
vaccine has broad prospects.

CONCLUSION

In this research, researchers made a systematic
investigation on the predominant serotypes of swine
pathogenic E. coli n Southern China. Sixty six swine
E. coli isolates belonged to 5 specific serotypes. The
higher virulent strains could be found in each 5 dominant
serotypes and OMP of virulence strain was preliminarily
studied. The research laid a foundation for the disease
control and the OMP subunit vaccine.
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