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To investigate into the prevalence of ETT2-harboring Escherichia coli (ETT2*
E. coli) infection in piglets with edema and/or diarrhea disease, a total of 90 intestinal mucosa
samples were collected from 40 cases of porcine postweaning diarrhea, 32 cases of edema
disease and 18 cases of diarrhea concurrent edema disease from the Jiangsu Province, China.
Following first cultivating in LB broth at 37 °C for 6 h, all the samples were detected by the
PCR methods, and the data show that 13 cases (32.50%) of porcine postweaning diarrhea
were infected with ETT2Y E. coli, while 35 cases (92.11%) and 11 cases (91.67%) were positive
in edema disease and diarrhea concurrent edema disease respectively.
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Porcine postweaning diarrhea (PWD) is
commonly associated with enterotoxigenic
Escherichia coli (ETEC), while pig edemadisease
(ED) ismorefrequently associated with shigatoxin-
producing E. coli (STEC) (Nagy et al., 1999; Chen
et al., 2004). The predominant virulence factors
of ETEC and STEC are toxin(s) and adhesion(s),
e.g. ETEC strainswere characterised by heat-labile
enterotoxin (LT), heat-sensitive enterotoxin (ST)
aswell asadhesivefimbriae F4, F5, F6, F41 and F18
(Bertschinger et al., 1990; Choi et al., 2001; Kennan
etal., 1995; Moon et al., 1986; Salgjkaet al.,1992),
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while STEC strains were characterised by
shigatoxin subtype 2e (stx2e) and fimbria F18
(Feketeet al., 2002; Frydendahl, 2002; Imberechts
et al., 1992; Pollard et al., 1990; Rippinger et al.,
1995).

Furthermore, pathogenic E. coli of animal
origin always contain several mobile genetic
elements such as plasmids, bacteriophages or
pathogenicity islands (PAI) encoding anetwork of
variousvirulencetraits (Oelschlaeger et al., 2004).
The locus of enterocyte effacement (LEE) and
high-pathogenicity island (HPI) have been
identified among ETEC and STEC strainsisolated
from piglets (Cheng et al., 2005 and 2006). It is
also worth notice that the E. coli type three
secretion system 2 (ETT2) island, approximately
29.9kbinsizeand localised adjacent to the tRNA
locus glyU, was discovered through the analysis
of genome sequences of enterohemorrhagic E. coli
(Pernaet al., 2001; Hayashi et al., 2001). Thereare
at least 35 genes coding by ETT2 locus, including
epr, epa, andeiv (Fig. 1), which were similar tothe
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sequence of several Salmonella pathogenicity
islands (Spi-1, Spi-2, Spi-3, etc.) (Blanc-Potard et
al., 1999; Hansen-Wester et al., 2001).

Since ETT2 has been designated as
pathogenicity island, it is necessary to investigate
the prevalence of ETT2Y E. coli infectionin piglets
with edema and/or diarrhea. In this study, PCR
based on ECs3703 and ECs3737 genes were
devel oped to detect the presence of ETT2Y E. coli
in 90 intestinal mucosa samples were collected
from porcine postweaning diarrhea and edema
disease cases

MATERIAL AND METHODS

Primer design

Two setsprimers (Table 1) used for PCR
amplification were designed and analyzed with
DNAStar software based on the published
ECs3703 and ECs3737 genes of ETT2 island
deposited in GenBank, and synthesized by Sangon
Biological Engineering Technology and Service
Co. Ltd. (Shanghai, P. R. China). The primersthat
target the ECs3703 gene were mixed together
(named ECs3703 primers set, each 50mmol/l) and
the primersthat target the ECs3737 genewerea so
mixed together (named ECs3737 primers set, each
50mmol/l)
Collection of samples

From Mar. to May., 2010, a total of 90
intestinal mucosa samples were collected from
piglets with a mean age of 37.6+3.6-day old,
including 40 cases of porcine postweaning
diarrhea, 32 cases of edema disease and 18 cases
of diarrhea concurrent edema disease from 45
large-scaleand individual pig farmsin the Jiangsu
Province, China. Bring each test sampleto afinal
volume of 500 pl with LB broth (10g tryptone, 10g
NaCl, 59 yeast extract, H,O to 1L, pH 7.4) and
storeat -70 °C.
Bacterial pre-culturing and extraction of DNA
templates

Transfer 100 pul dilution of each intestinal
mucosa sample into separate tubes containing 2
ml of LB broth and grow the liquid cultures with
vigorous agitation at 37°C for 6 h. Take 0.5 ml of
theliquid culturesto |abeled microcentrifuge tubes,
and centrifuge at 12 000 g for 5 min. Discard the
supernatants and resuspend each pellet in 200 pl
of distilled water. After boiling for 10 min, the
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suspensionswere chilled onicefor 5min, and then
centrifuged at 12 000 g at 4°C for an additional 5
min. Transfer each supernatant to fresh tube and
store at 4°C.
PCR detection of ETT2-harbouring E. cali

To detect ETT2Y E. coli in the liquid
cultures of intestinal mucosasamples, PCR assays
were performed in microcentrifuge tubes for the
Applied Biosystems 2720 Thermal Cycler
(America). All the reagents were purchased from
Takara Biotechnology (Dalian) Co., Ltd. The PCR
mixture contained 5 pl of 10x PCR buffer (Mg?*
Free), 5 pl of MgCl, (25mmoal/L), 5 IU of Taq
polymerase, 4 ul of ANTP mixture (each 2.5 mmol/
), 1 pl of ECs3703 or ECS3737 primersset primers
set, 2 pl of DNA template, and deionized water to a
final volume of 50 ul. After denaturation at 94 °C
for 3 min, 30 cycles of the PCR was performed
using the following program: denaturation at 94
°C for 30 s, annealing at 55 °C for 30 s and
elongation at 72 °C for 30 s (10 min for the final
cycle). PCR products were separated by size by
1% agarose gel electrophoresisaong with DL2000
DNA markers and visualized after staining with
ethidium bromide on aUV transilluminator.

Before the 90 clinic samples were
submitted to PCR detection, four ETT2 bacterial
strains (S443025, S451524, S452021 and
$462234) and one ETT E. coli (TG1) were tested
as positive and negative controls respectively.
Followed by the PCR products of ECs3703 and
ECs3737 genesfrom ETT™ E. coli strain S443025
were cloned into pPGEM®-T vector (Promega) and
transformed into E. coli DH5a, the fragments of
ECs3703 and ECs3737 genes in the recombinant
plasmids were sequenced and compared with the
published sequences.

RESULTS

Specificity of the PCR for identification of
ETT2locus

To confirm their specificities, the PCR
methods were performed first using the DNA
templates from the reference E. coli strains. After
PCR was performed to detect the ECs3703 gene,
the specific PCR products were revealed by
agarose gel electrophoresis in the all four
ETT2bacterial strainsrespectively (Fig.2), while
no specific band was detected in the ETT* E. cali.
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When PCR was performed to detect ECs3737 gene, ECs3703 and ECs3737 genes of strain $S443025
the expected band were detected inall four ETT2Y  were sequenced and compared with the published
E. coli, and no expected band was detected inthe  sequences, and the data showed that the PCR
ETT*E. cali. (Fig.3). Tofurther evaluatetheefficacy  region of ECs3703 genewas 581 bp and by 99.5%,
of the PCR methods, the DNA fragments of  and the DNA fragment of ECs3737 gene was 442

Table 1. The PCR primers used in this study

primer Sequence Position (gi accession number) Size of
product
(bp)

ECs3703F ATTGCCAAATAATGCCAGAAGAGTCACC  3709989-3710016 (NC_002695) 581
R TCAATGTTGGACCGAATGTGAACGAATA 3710542-3710569 (NC_002695)
ECs3737 F TACTAATGCCATATAGCCCCATAA 3736673-3736696 (NC_002695) 442
R CTACGCTTTTAACAAACGATTGAT 3737091-3737114 (NC_002695)

bp and by 98.6% identical to the reference postweaning diarrhea cases. Among the 90 cases,
sequence (NC_002695) respectively. 13 of the 40 samples (32.50%) of porcine
Detection of ETT2" E.coli from diseased animals  postweaning diarrhea (from 20 farms) wereinfected

All the samplesweredetected by thePCR ~ with ETT2-harboring E. coli, while 35 of the 38
methods as described above, and the data shown  (92.11%) edemadisease cases (from 19 farms) and
that the ETT2* E.coli infection rates of theedema 11 of the 12 (91.67%) diarrhea concurrent edema
disease and diarrhea concurrent edema disease  disease cases (from 6 farms) were ETT2" E.coli-
cases were higher than that of the porcine positive(Fig.4).
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Fig. 1. Genomic position of genes of the pathogenicity island ETT2 derived from the
genome sequence of E. coli O157:H7 str. Sakai (GenBank accession no. NC 002695)
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Fig. 2. Specificity of PCR to detect ECs3703 gene Fig. 3. Specificity of PCR to detect ECs3737 gene
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Fig. 4. Prevalence of ETT2-harboring E. coli in piglets

DISCUSSIONS

Itiswell known that piglet pathogenic E.
coli are the etiological agents of diarrhea as well
as edema disease, and virulence factors of
pathogeni ¢ bacteriamay be encoded by particular
regions of the prokaryotic genome termed
pathogenicity islands. Pathogenicity islands were
first described in human pathogens of the species
E. coli, but have recently been found in the
genomes of various pathogens of humans, animals,
and plants (Hacker et al., 2000).

ETT2 is a second cryptic type Il
secretion system in E. coli which was first
discovered through the analysis of genome
seguences of enterohemorrhagic E. coli O157:H7.
ETT2-associated genes, including regulators and
chaperones, werefound at the same chromosomal
location in the majority of genome-sequenced
strains, including the laboratory strain K-12
(Hayashi et al., 2001). To give an insight into the
current profile of pathogenic E. coli and a true
reflection of the problem herds, it is necessary to
investigate into the prevalence of the ETT2* E.coli
in diseased piglets.

The ETT2 gene cluster was found to be
present in whole or in part in the E. coli strains
(Prager et al., 2004), but ECs3703 and ECs3737
genes were existed in ETT2 island whether the
entiretype or deletion variants, which were based
on the analysis of al the published ETT2 genes
deposited in GenBank. Therefore, PCR based on
ECs3703 and ECs3737 genes were developed to
detect the presence of ETT2" E. coli in this
research. The tests by using reference bacterial
strainsreveal ed the efficacy of the developed PCR
methods, and the sequencing of the PCR products
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of ECs3703 and ECs3737 genes confirmed the
specificity for detecting ETT2' E. cali.

In this research, the data revealed that
32.50% diarrheic pigletswereinfected with ETT2Y
E. coli, while 92.11% and 91.67% were positive
in edema disease and diarrhea concurrent edema
disease cases respectively. One of the most worthy
of attention isthe ETT2* E.coli infection rates of
the edema disease and diarrhea concurrent edema
disease cases were higher than that of the porcine
postweaning diarrhea cases. Therefore, we are
suspicious of whether ETT2 could contribute to
thevirulenceof E. coli isolatesthat causing edema
disease or diarrhea. Thefunction of ETT2 remains
amystery, as do the niche and signals that might
trigger its expression and the identity and nature
of itseffectors. This attractive suspicion hasto be
reveal ed by comparing the virulence of the parental
strain and that of theisogenic mutantsin asuitable
infection mode.

ACKNOWLEDGEMENTS

This work was supported by Jiangsu
Province Science and Technology Support
Program (Agriculture) (Grant No. BE2010381),
Natural Science Foundation of Jiangsu Province
(Grant n0.BK2009738), and Jiangsu Province Key
Laboratory of High Technology Researching
Program (Grant No. BM2009701). Wewould like
to give our thanksto all the staff of the veterinary
microbiology laboratory of Yangzhou University
for their help with some experiments.

REFERENCES

1. Bertschinger, H.U., Bachmann, M., Mettler, C.,
Pospischil, A., Schraner, E.M., Stamm, M.,
Sydler, T., Wild, P, Adhesive fimbriae produced
in vivo by Escherichia coli 0139:K12(B): H1
associated with enterotoxaemia in pigs. Vet
Microbiol. 1990; 25(2-3): 267-281.

2. Blanc-Potard, A.B., Solomon, F., Kayser, J.,
Groisman, E.A., The SPI-3 pathogenicity island
of Salmonella enterica. J Bacteriol. 1999;
181(3): 998-1004.

3. Chen, X., Gao, S., Jiao, X., Liu, X.F., Prevalence
of serogroups and virulence factors of
Escherichia coli strainsisolated from pigswith
postweaning diarrhoea in eastern China. Vet
Microbiol. 2004; 103(1-2): 13-20.



10.

11

12.

13.

CHENG et a.: PREVALENCE OF ETT2-HARBORING E. coli 627

Cheng, D., Sun, H., Xu, J., Gao, S., Prevalence
of Fimbial Colonization Factors F18ab and
F18acin Escherichia coli Isol ates from Weaned
Piglets with Edema and/or Diarrhea in China.
Vet Microbiol. 2005; 110(1-2): 35-39.

Cheng, D., Sun, H., Xu, J., Gao, S., Cheng D,
SunH, XuJ, Gao S. PCR detection of virulence
factor genes in Escherichia coli isolates from
weaned piglets with edema disease and/or
diarrheain China. Vet Microbiol. 2006; 115(4):
320-328.

Choi, C., Cho, W., Chung, H., Jung, T., Kim, J.,
Chae, C., Prevalence of the enteroaggregative
Escherichia coli heat-stable enterotoxin 1
(EAST1) gene in isolates in weaned pigs with
diarrhea and/or edema disease. Vet Microbiol.
2001; 81(1): 65-71.

Fekete, PZ., Gerardin, J., Jacquemin, E., Mainil,
J.G, Nagy, B., Replicon typing of F18 fimbriae
encoding plasmids of enterotoxigenic and
verotoxigenic Escherichia coli strains from
porcine postweaning diarrhoea and oedema
disease. Vet Microbiol. 2002; 85(3): 275-284.
Frydendahl, K., Prevalence of serogroups and
virulence genes in Escherichia coli associated
with postweaning diarrhoea and edema disease
in pigs and a comparison of diagnostic
approaches. \et Microbiol. 2002; 85(2): 169-182.
Hacker, J., Kaper, J.B., Pathogenicity islands
and the evolution of microbes. Annu Rev
Microbiol. 2000; 54: 641-679.
Hansen-Wester, |., Hensel, M., Salmonella
pathogenicity islands encoding typelll secretion
systems. Microbes Infect. 2001; 3(7): 549-559.
Hayashi, T., Makino, K., Ohnishi, M.,
Kurokawa, K., Ishii, K., Yokoyama, K., Han,
C.G, Ohtsubo, E., Nakayama, K., Murata, T.,
Tanaka, M., Tobe, T., lida, T., Takami, H.,
Honda, T., Sasakawa, C., Ogasawara, N.,
Yasunaga, T., Kuhara, S., Shiba, T., Hattori, M.,
Shinagawa, H., Complete genome sequence of
enterohemorrhagic Escherichia coli O157:H7
and genomic comparison with alaboratory strain
K-12. DNA Res. 2001; 8(1): 11-22.
Imberechts, H., De Greve, H., Schlicker, C.,
Bouchet, H., Pohl, P, Charlier, G, Bertschinger,
H.U., Wild, P, Vandekerckhove, J., Van Damme,
J., Van Montagu, M., Lintermans, P,
Characterization of F107 fimbriae of
Escherichia coli 107/86, which causes edema
disease in pigs, and nucleotide sequence of the
F107 major fimbrial subunit gene, fedA. Vet
Microbiol. 1992; 60(5): 1963-1971.

Kennan, R., Soderlind, O., Conway, P., Presence
of F107, 2134P and Av24 fimbriae on strains of
Escherichia coli isolated from Swedish piglets

14.

15.

16.

17.

18.

19.

20.

21.

22.

with diarrhoea. Vet Microbiol. 1995; 43(2-3):
123-129.

Moon, H.W., Schneider, R.A., Moseley, S.L.,
Comparative prevalence of four enterotoxin
genes among Escherichia coli isolated from
swine. AmJ Vet Res. 1986; 47(2): 210-212.
Nagy, B., Fekete, P.Z., Enterotoxigenic
Escherichia coli (ETEC) in farm animals. Vet
Res. 1999; 30(2-3): 259-284.

Oelschlaeger, T.A., Hacker, J., Impact of
pathogenicity islands in bacterial diagnostics.
Acta Pathologica, Microbiologica et
Immunol ogica Scandinavica. 2004; 112(11-12):
930-936.

Perna, N.T., Plunkett, G 3rd., Burland, V., Mau,
B., Glasner, J.D., Rose, D.J., Mayhew, GF,
Evans, P.S., Gregor, J., Kirkpatrick, H.A.,
Posfai, G, Hackett, J., Klink, S., Boutin, A.,
Shao, Y., Miller, L., Grotbeck, E.J., Davis, N.W.,
Lim, A., Dimalanta, E.T., Potamousis, K.D.,
Apodaca, J., Anantharaman, T.S., Lin, J,, Yen,
G, Schwartz, D.C., Welch, R.A., Blattner, F.R.,
Genome sequence of enterohaemorrhagic
Escherichia coli O157:H7. Nature. 2001;
409(6819): 529-533.

Pollard, D.R., Johnson, W.M., Lior, H., Tyler,
S.D., Rozee, K.R., Rapid and specific detection
of verotoxin genes in Escherichia coli by the
polymerase chain reaction. J Clin Micraobiol.
1990; 28(3): 540-545.

Ren, C.P, Chaudhuri, R.R., Fivian, A., Bailey,
C.M., Antonio, M., Barnes, W.M., Pallen, M .J.,
The ETT2 gene cluster, encoding a second type
Il secretion system from Escherichia coli, is
present in the majority of strains but has
undergone widespread mutational attrition. J
Bacteriol. 2004; 186(11): 3547-3560.
Rippinger, P., Bertschinger, H.U., Imberechts,
H., Nagy, B., Sorg, I., Stamm, M., Wild, P,
Wittig, W., Designations F18ab and F18ac for
therelated fimbrial typesF107, 2134P and 8813
of Escherichia coli isolated from porcine
postweaning diarrhoea and from oedema
disease. et Microbiol. 1995; 45(4): 281-295.
Salajka, E., Salajkova, Z., Alexa, P, Hornich,
M., Colonization factor different from K88,
K99, F41 and 987P in enterotoxigenic
Escherichia coli strains isolated from
postweaning diarrhoea in pigs. Vet Microbiol.
1992; 32(2): 163-175.

Prager, R., Bauerfeind, R., Tietze, E., Behrend,
J., Fruth, A., Tschape, H., Prevalence and
deletion types of the pathogenicity island ETT2
among Escherichia coli strains from oedema
disease and colibacillosisin pigs. Vet Microbiol.
2004; 99(3-4): 287-294.

J. Pure & Appl. Microbial., 5(2), Oct. 2011.



