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Abstract
Forty-six Shiga toxin producing Escherichia coli strains, isolated from clinical
and food samples were analyzed for antibiotic resistance, virulence genes,
plasmids and plasmid replicon types. To assess the genetic diversity, XbaI
restriction enzyme pulsed-field gel electrophoresis (PFGE) fingerprinting and
plasmid profiles were performed. All isolates were resistance to novobiocin and
forty clinical and two from food isolates were resistant to tetracycline and eight
from clinical and two food were resistant to ampicillin. Six isolates from clinical
resistance and one from food sources were resistance to trimethoprimsulfamethoxazole and kanamycin. All isolates from food and clinical samples
were sensitive to nalidixic acid and gentamicin except one from clinical was
resistant to gentamicin. PFGE typing of forty-six isolates by XbaI resulted in 15
to 20 bands and were grouped to more than ten clusters, each with similarity
from 70% to 30%. Most isolates were positive for one or more of the fifteen
virulence genes, which are mostly found in shiga toxin producing E. coli (Eae,
HlyA, Stx1, Stx2, Stx2f, Stx2c, Stx2e, Stx2, NelB, PagC, Sen, ToxB, Irp, Efa,
Efa1). All isolates carried a typical more than 20 kb plasmid, and most of the
isolates had large and small plasmids. Twenty-nine clinical isolates were
positive by PCR for X, twenty clinical isolates for FIB plasmid and seven
isolates from clinical were positive for Y plasmid replicon type. Three clinical
isolates positive for I1 and HI1 genes. All food isolates were negative for genes
of plasmid typing replicon except two were positive for B/O and W. Finally, all
isolates were screened by whole genome sequencing for the identification of
the virulence and drug resistance genes. These results indicate that shiga toxin
producing E. coli have a diverse clonal population among the clinical and food
samples and are resistant to several antimicrobials. Since, these shiga toxin
producing E. coli isolates have several virulent and antibiotic resistant genes
which can be on mobile genetic elements which can factor into and contribute
to the potential transmission to other microorganisms. Surveillance and
characterization of STEC can provide useful information about the trend of
STEC infection and will help to identify STEC serotypes that are highly
pathogenic to humans that may emerge as a threat to public health.
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Table 1: Primers Used in PCR for Detection of Virulence Genes in E. coli.

Introduction
Escherichia coli is a gram-negative, rod shape, and facultative anaerobic.
These found in the intestinal tract of animals and human. Escherichia coli
usually percent on the gastrointestinal tract of infants within a couple of hours
after birth. But several of E. coli clones have develops the ability to cause a
different of diseases within the intestinal tract in the host. These E.coli strains
causes enteric infections are mostly called diarrheagenic E. coli strains, and
these pathogenesis is associated with different number of virulence genes,
which vary according to pathotype. Diarrheagenic Escherichia coli are
classified into 6 serotype, Enteropathogenic E. coli (EPEC), enterotoxigenic E.
coli (ETEC), enteroinvasive E. coli (EIEC), enteroaggregative E. coli (EAEC),
diffusely adherent E. coli (DAEC) and Shiga toxin-producing E. coli (STEC)
.Shiga toxin–producing Escherichia coli (STEC) are the most important
foodborne pathogens, causing human disease, especially O157: H7 are
playing important enteropathogens to causing outbreaks of haemolytic uraemic
syndrome (HUS) and haemorrhagic colitis (HC). Whereas STEC O157:H7 is
classified as the most important serotype in relation to human infection, nonO157 cases are increasingly reported. Most STEC recognized to the welldefined top-5 (O157, O26, O103, and O145) STEC usually present in lowincome countries more than in the industrialized world. Stec is transmitted from
host to host by the fecal-oral route over contaminated surfaces, food, waters
and human. Usually infected the children and adults by these are bacteria out
of human contact, are the most probably. The responsible reservoir of STEC is
the alimentary canal of animals, especially of cattle that are healthy carriers.

Bacterial strains : Forty-six isolates of STEC were selected for this study. All these isolates were
from food samples from the FDA-Arkansas Regional Laboratory, and the clinical samples were
obtained from the Arkansas Department of Health.
DNA isolation from bacteria: Total bacterial DNA was extracted using blood and tissue kit and
according to the manufacture’s protocol and stored at -20 °C until batch analysis.
Antimicrobial susceptibility testing by disk diffusion :All strains of STEC in this study were tested
for resistance to seven antibiotics on Mueller-Hinton agar by a disk agar diffusion method.
PCR detection of virulence genes: All strains of STEC were screened for 15 virulence genes by
used a simplex PCR method . All primers used in this study are listed in Table 1.
PCR detection of plasmid replicon typing: All strains of STEC were screened for 15 plasmid
replicons by used a simplex PCR method. All primers are listed in Table 2.
Pulsed -field gel electrophoresis (PFGE): PFGE was performed following a procedure described
by Ponce et al. (2008). The Salmonella Braenderup strain H9812 PulseNet standard was used as a
molecular weight marker after digestion with XbaI. Fingerprinting profiles was examined by using the
BioNumerics software .
Plasmid profiles: Plasmid DNA of the strains was isolated by using the alkaline lysis method.
Whole genome sequencing: Prepared DNA libraries by Nextera XT kits and sequenced by using an
illumina (Miseq and Hiseq)

Figure 1. Dendrograms of Xbal-PFGE, antibiotic resistances profile, virulence genes and plasmid profile analysis of food
and clinical isolates of STEC

Gene
Sequence of nucleotides
Eae F: ACGTTGCAGCATGGGTAACTC
R: GATCGGCAACAGTTTCACCTG
HlyA F: GGTGCAGCAGAAAAAGTTGTAG
R: TCTCGCCTGATAGTGTTTGGTA
Stx1 F: TCTCAGTGGGCGTTCTTATG
R: TACCCCCTCAACTGCTAATA
Stx2 F: GCGGTTTTATTTGCATTAGC
R: TCCCGTCAACCTTCACTGTA
Stx2f F: TGTCTTCAGCATCTTATGCAG
R: CATGATTAATTACTGAAACAGAAAC
Stx2c F: GCGGTTTTATTTGCATTAGT
R: AGTACTCTTTTCCGGCCACT
Stx2e F: ATGAAGTGTATATTGTTAAAGTGGA
R: AGCCACATATAAATTATTTCGT
Stx2d F: GGTAAAATTGAGTTCTCTAAGTAT
R: CAGCAAATCCTGAACCTGACG
Nel B F: GGAAGTTTGTTTACAGAGACG
R: AAAATGCCGCTTGATACC
PagC F: ATGAGTGGTTCAAGACTGG
R: CCAACTCCAACAGTAAATCC
Sen F: GGATGGAACCATACCTGG
R: CGCAATCAATTGCTAATGC
Efa F: CTCCCAGAGATAATTTTGAGG
R: CAACTGTATGCGAATAGTACTC
Efa1 F: CTGTCAGACGATGACATTGG
R: GAAGGATGGGCATTGTGTC
Irp2 F: AAGGATTCGCTGTTACCGGAC
R: TCGTCGGGCAGCGTTTCTTCT
ToxB F: TGGCCTTGCGCTCTATAAGAACCT
R: ACCACGCCGTGAGAATAATGTCCA

Target gene
Intimin

Size (bp)
(818)

HlyA

(1551)

stx1

(338)

stx2

(115)

stx2f

(150)

stx2c
stx2e
stx2d

(124)
(303)
(175)

nleB

(297)

PagC

(521)

Sen

(551)

efa1

(504)

efa1

(547)

irp2

(280)

toxB

(823)

Table 2: Primers used in PCR for detection of plasmid replicon typing in STEC.
Replicon
HI1

Sequence of nucleotides

F-GGAGCGATGGATTACTTCAGTAC
R-TGCCGTTTCACCTCGTGAGTA
HI2 F-TTTCTCCTGAGTCACCTGTTAACAC
R-GGCTCACTACCGTTGTCATCCT
I1 F-CGAAAGCCGGACGGCAGAA
R-TCGTCGTTCCGCCAAGTTCGT
X
F-AACCTTAGAGGCTATTTAAGTTGCTGAT
R-TGAGAGTCAATTTTTATCTCATGTTTTAGC
L/M F-GGATGAAAACTATCAGCATCTGAAG
R-CTGCAGGGGCGATTCTTTAGG
N
F-GTCTAACGAGCTTACCGAAG
R-GTTTCAACTCTGCCAAGTTC
FIA F-CCATGCTGGTTCTAGAGAAGGTG
R-GTATATCCTTACTGGCTTCCGCAG
FIIB F-GGAGTTCTGACACACGATTTTCTG
R-CTCCCGTCGCTTCAGGGCATT
W
F-CCTAAGAACAACAAAGCCCCCG
R-GGTGCGCGGCATAGAACCGT
FIC F-GTGAACTGGCAGATGAGGAAGG
R-TTCTCCTCGTCGCCAAACTAGAT
A/C F-GAGAACCAAAGACAAAGACCTGGA
R-ACGACAAACCTGAATTGCCTCCTT
T
F-TTGGCCTGTTTGTGCCTAAACCAT
R-CGTTGATTACACTTAGCTTTGGAC
FIIA (FIIS) F-CTGTCGTAAGCTGATGGC
R-CTCTGCCACAAACTTCAGC
K/B F-GCGGTCCGGAAAGCCAGAAAAC
R-TCTTTCACGAGCCCGCCAAA
B/O F-GCGGTCCGGAAAGCCAGAAAAC
R-TCTGCGTTCCGCCAAGTTCGA

Size (bp)

Target site

471

parA-parB

644

iterons

139

RNAI

376

ori ɤ

785

rep A, B, C

559

rep A

462

iterons

702

rep A

242

rep A

262

rep A2

465

rep A

750

rep A

270

rep A

160

RNAI

159

RNAI

Conclusion

Figure 2. Plasmid profile from food and clinical isolates of STEC

 Most of the isolates were positive for one or more of the fifteen virulence genes, which are mostly
found in STEC.
 All isolates carried a typical more than 20 kb plasmid, and most of the isolates had large and small
plasmids.
 The strains from clinical were positive for six genes of plasmid replicon typing while the food
strains just were positive for tow plasmid replicon typing genes.
 PFGE typing of forty-six isolates by XbaI resulted in 15 to 20 bands and were grouped to more
than ten clusters, each with similarity from 70% to 30%.
 The total number of clinical strains had more than one virulence gene, plasmid replicon type, and
more resistances for antibiotics in these strains, increases the ability of the organism to cause
infection.
 WGS is an important technique to understand the genetics of antibiotic resistances, and virulence
genes profile.

