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Abstract

UMINANTS are concerned as the prime reservoir for Shiga toxin-outputting Escherichia coli

(STEC). Knowledge of STEC incidence in the live animal is substantial to constituting informed
deductions about food safety. A total of 138 bacterial cultures (96 and 42 obtained from apparently
healthy cattle and sheep feces respectively. A real time PCR was conducted using to detect E. coli
species. On the other side, a conventional PCR was performed to determine amplification of Shiga
toxin genes (stx1 and stx2). E. coli isolates were confirmed by real time PCR in all examined bacterial
cultures (100%). Overall, (44.79%) of cattle isolates and (35.71%) of sheep ones were stx-positive.
Thirty three (23.9%) of the isolates were stx1 positive only, 25 (18.12%) were stx2 only, while 13
(9.42%) carried both stx1 and stx2. Both apparently healthy cattle and sheep are asymptomatic
reservoirs of STEC. Direct contact with these livestock or consumption of foodstuffs or water
contaminated with their feces may constitute a potential source of infection for humans.
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Introduction

Globally, it is known that Shiga toxin-outputting
Escherichia coli (STEC) are pathogens of public health
concern [1]. Cattle and sheep are suggested reservoirs
of STEC as they carry these pathogens in their
gastrointestinal tracts and excrete them in their feces
[2-3]. Cattle and sheep feces contaminate hides and
wools in the production environment, during transport,
elevate the possibility for cross-contamination of
carcasses, and subsequent meat products, at the harvest
facility [4]. Therefore, cattle and sheep fecal matters
estimate potential risk at slaughter, whereas
concentration appraises the risk of these pathogens
represent at foodborne infection [5-6]. Prevalence and
concentration assessment of STEC pathogens are
substantial to estimate the allocation and carriage of
bacteria in the cattle and sheep reservoirs and to
conduct targeted alleviation strategies for reducing the
risk of these foodborne pathogens in the meat and milk

supply [7].

Shiga toxin genes (stx1 and stx2) are the prime
virulence determinants of STEC and fortunately are
rarely encountered in micro-organisms other than E.
coli. It is notably mentioned that ruminants are not
susceptible to colonization by Shigella spp. which is
the prototypic Stx-encoding organism [8].

Therefore, this study was conducted for rapid direct
detection of Escherichia coli with potential load of
Shiga toxin genes as an indicator for STEC existence;
determining dispersal of stx in the feces of cattle and
sheep.

Material and Methods

DNA extraction

The fecal samples were collected from Nubaria
research farm belonged to National Research Centre,
El- Behira Governorate, Egypt. DNA extracted from
138 bacterial MacConkey agar cultures (96 and 42
obtained from apparently healthy cattle and sheep feces
respectively) using the GF-1 Bacterial DNA Extraction
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Kit (Cat No. GF-BA-100, Vivantis Technologies,
Malaysia), persuading the manufacturer’s
recommendations.

Molecular identification of E. coli using RT-PCR

Real-Time Polymerase Chain Reaction (RT-PCR)
was conducted using ViPrime PLUS Taq qPCR Green
Master Mix | (SYBR® Green Dye, Cat QLMM12,
Vivantis Co., Malaysia), following the manufacture
instruction. Two pl of DNA was mixed with ten pl
(2X) PCR master mix and 0.1 pl (50 nmol) of each
forward and reverse primers targeting PhoA gene
(Table 1) in a total volume of twenty pl. The thermal
cycler (QTOWERS3G, Analytik Jena, Germany) was
programed as formed: 95°C/5min as initial denature
and fourteen cycles of 95°C/30 sec and 60°C/1min.
The Melting curve analyses of the PCR products were
carried out and dissociation curves were added after the
end of the forty five cycles and data was adjusted to be
gathered by the end of annealing/extension cycle. The
cycle threshold value (CT), indicative of the quantity of
target gene at which the fluorescence higher than a
preset threshold, was defined.

Molecular identification of E. coli Shiga toxin
producing genes using conventional PCR

All E. coli isolates were tested for the presence of
the stx1 and stx2 virulence genes. PCR reaction was
performed using SimpliAmp™ Thermal Cycler (Cat.
No. A24811, Applied Biosysytems, USA) in a final
volume of 25 pl reaction involving 12.5 pl of 2x
MyTaq™ Red Mix Master Mix (Cat. BIO-25043,
Meridian Bioscience, UK), one pl (10 uM) of each
primer and one pl of target DNA and 9.5 ul of DDW.
The PCR products were separated by electrophoresis
on 1.5% agarose gel then photographed and analyzed
by InGenius3 gel documentation system (Syngene,
UK). The used primers and cycling statuses were listed
in (Table 1 and 2), respectively.

Results
Molecular identification of E. coli using RT-PCR

As SYBR Green a fluorescent dye was used as a
detection system, a melting analysis was a part of the
real-time PCR to distinguish between specific and non-
specific products. During the melting analysis, the
melting temperature (Tm) of a positive control and
positive samples was 80°C as shown in Fig 1. This
proves the credibility of the results. In testing the
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examined samples within a 45-cycle protocol for the
real-time PCR, the CT was detected as shown in Fig 2.
All the examined 138 isolates were proved to be E. coli
(100%).

Molecular identification of E. coli Shiga toxin
producing genes using PCR

The PCR test demonstrated that total 33 (23.9%),
and 25 (18.12%) of E. coli isolates were positive for
the existence of the sxtl and sxt2 via amplification of
150 and 255 bp respectively as shown in Fig. 3- 4. In
detailed, the sxtl gene was present in 23 isolates
obtained from cattle and 10 isolates recovered from
sheep. On the other side, the sxt2 gene was found in 20
and 5 isolates obtained from cattle and sheep
respectively. Moreover, the load of the both genes was
determined in 9 isolates recovered from cattle and 4
isolates obtained from sheep.

Discussion

Escherichia coli are considered a member of
microbiota in human and animals but this organism
may carry certain virulence determinants as Shiga
toxin-producing genes. Escherichia coli which found to
carry these genes termed Shiga toxigenic Escherichia
coli (STEC) have a public health concern. It is a
foodborne pathogen that can cause some significant
human illnesses via consumption of contaminated
meats [11].

The real time PCR is assumed a fundamental tool
for guantitative microbial risk assessment in the most
common foodborne bacteria such as Escherichia coli.
It can be standardized for the quantification of E. coli
specific targeted gene; phoA which responsible for
production of alkaline phosphatase that is believed to
be essential in E. coli phosphate metabolism [9]. Our
data revealed the confirmation of examined 138
bacterial cultures (96 and 42 obtained from apparently
healthy cattle and sheep feces respectively) by positive
amplification of the E. coli specific phoA gene.

In our study, a ratio of 44.79% of cattle and
35.71% of sheep examined positive for excreting
STEC in their feces. In detailed, among examined
cattle samples; a total of 44.79% confirmed E. coli
isolates were positive to Shiga producing genes; 23
(23.95%) and 20 (20.83%) isolates revealed carriage of
sxtl and sxt2 respectively while 9 isolates (9.37%) was
found to harbor the both genes. Our results were agreed
with Salvador et al. [12] in Brazil and Arya et al. [13]
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in India, who stated that 40% or more of isolated E.
coli strains were stx gene positive in calves. Also,
reporting of 51% and 64.3% in E. coli isolates of
calves in Vietnam and Egypt respectively were positive
for the stx genes [14-15]. One hundred and three fecal
samples of randomly selected dairy cattle in Sao Paulo
State, Brazil, displayed STEC in 25.5% of the animals,
and most of them (64.1%) harbored a single STEC
genotype [16]. Other studies demonstrated a lower
detection of Shiga-toxigenic genes as Cookson et al.
2006; (27.3%) [17]. Also, the obtained results E. coli
strains isolated from calves rectal swabs with an
incidence of 22.2%, collected from Kafr El Shiek
Governorate [18]. Contrarily, Osek et al. [19] have
mentioned that less than 10% of STEC were detected
in calves.

On the other side, in examined sheep samples; a
total of 35.71% confirmed E. coli isolates were
positive to Shiga producing genes; 10 (23.81%) and 5
(11.90%) isolates revealed loading of sxtl and sxt2
respectively while 4 isolates (9.52%) were found to
carry the both genes. The results were harmonized
with that reported by Persad et al. [20] as overall,
the stx prevalence in sheep feces was (35%, 71/204)
while stx2 was 8%. Another study demonstrated
704/840 (83.8%) and 363/704 (51.6%) recto-anal
mucosal swabs were positive for Shiga toxin
following RT-PCR screening, and culture respectively
in Irish sheep. It was reported that 8 Shiga toxin gene
variants; three novel Shiga-toxin subunit with
two stx; and six stx,. The variant stx;. was the most
prevailed, followed by stx,, [21].

Concerning contamination of meat; another study
displayed that 26.6% and 7.5% of raw mutton, and raw
beef samples were positive for STEC in China. Seven

Shiga toxin  (Stx) subtypes were detected,
which stx1c and stx1c + stx2b were prevalent [22].
Also in Iranian study, it was found that the prevalence
of stx1 and stx2 were 100% and 42.10% respectively in
E. coli isolated from beef hamburger samples [23].

Conclusion

The dispersal of shiga-toxigeneic determinants
among Escherichia coli strains from cattle and sheep
may suggest constituting a public health issue. In any
status, food safety schemes that enclose all sides of
food production (from farm to table) are required to
supply a safe food and strict food-borne illnesses. This
study exposed the distribution of STEC in ruminant
herds, which represent a substantial reservoir for these
pathogens and a probable source for food
contamination. Proper management strategies and
control programs at the farm level should be applied to
evade wide spread dissemination and minimize human
exposition to the infection.
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TABLE 1. PCR primers used in the amplification of studied genes

Gene Sequence (5"-3") Amplicon size (bp) Reference

phoA CCGGGTAACGCTCTGGAA 54 bp [9]

(RT-PCR) AAGCAGCTGTTCGGTAATCGA

stx1 CTGGATTTAATGTCGCATAGTG 150 bp
AGAACGCCCACTGAGATCATC [10]

stx 2 GGCACTGTCTGAAACTGCTCC 255 bp

TCGCCAGTTATCTGACATTCTG
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TABLE 2. Cycling conditions for the detection of sxt genes

Gene Initial denaturation Denaturation Annealing Extension Final Extension Cycles
stx1 94°C 94°C 57°C 72°C 72°C 35
2 min 20sec 30 sec 45 sec 7 min
stx 2 94°C 94°C 57°C 72°C 72°C 35
2 min 20sec 30 sec 45 sec 7 min

12,5

ddRn/dT

Temp. (°C)

Fig. 1. Melting curve analysis for primer pair P29. Curve shows one peak with no primer dimers.

100

75

25

Cycle

Fig. 2. The amplification curve (CT) of the positive examined samples
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156bp

Fig. 3. Agarose gel electrophoresis of E.coli stx1 gene (150 bp), Lane 1, 100 bp DNA Ladder; Lanes 2-9, positive samples.

Fig.4. Agarose gel electrophoresis of E. coli PCR product amplified stx2 gene (255 bp), Lanes 9-14, represent positive
samples, Lane 8,100 bp DNA Ladder; Lan15, negative control.
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