
Abotalp  et al 2017. AJVS 53(2):38-44 

  
 

38 
 

 

 

 Sciences Veterinary of Journal Alexandria 

www.alexjvs.com 

 
 

 

2017 April .44-83 (2): 53 Vol. AJVS. 

DOI: 10.5455/ajvs.262860 

 
 

Molecular Detection of Virulence Genes of Escherichia Coli O157 Isolated from 

Different Sources 

 
Eman H. Abotalp1, Eman Abdeen2, Alaa El-Din H. Moustafa2, Sahar R. Mohamed1  

1 Bacteriology Department at Animal Health Research Institute AHRI, Dokki.  
2Bacteriology, Mycology and Immunology Department, Faculty of Veterinary Medicine, University of Sadat City, Menoufia 32511 

Egypt 

 

  
ABSTRACT 

 

Key words: 
E.coli O157, virulence 

factor and sequence of 

eaeA gene. 

 Escherichia coli O157 is recognized as an important foodborne pathogen responsible for 

sporadic cases to serious outbreaks worldwide. The morbidity and mortality associated 

with several recent outbreaks due to STEC have highlighted the threat this organism 

possess to public health. Bacteriological examination of 671 samples collected from 

cattle, sheep, chickens, ducks, milk and water showed that 34.3% (230/671) were 

positive E. coli. Out of 230 isolates of positive E. coli, (16) isolate were identified by 

vitek2 system as E. coli O157 (6.9%) with high incidence in cattle samples (20%) then 

chicken and water samples (13.6%) and (12.5%) respectively. On the other hand, there 

were no isolates from ducks samples for E. coli O157 and with low percent (7.8%) from 

raw milk samples and (1%) from sheep samples. The application of PCR for screening of 

virulence genes (sxt1, sxt2 and eaeA) in E. coli O157 isolates revealed that out of 16 

isolates of E. coli O157 there were (9), (6) and (16) were positive for stx1, stx2 and 

eaeA, respectively. This study concluded that molecular identification by PCR for 

detection of E. coli O157 virulence genes is rapid, specific and accurate approach in 

studying the actual role of these genes in disease pathogenicity.  
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1. INTRODUCTION 

Escherichia coli is a member of the family 

Enterobacteriaceae, facultative anaerobic, Gram-

negative short rods and considered a common inhabitant 

of the gut of warm-blooded animals, including man, but 

also be found in water, soil, or other environments 

because of fecal contamination. WHO (2016). The 

enteric E. coli is classified on the basis of virulence 

properties into enterotoxigenic (ETEC), 

enteropathogenic (EPEC), enteroinvasive (EIEC), 

verotoxigenic (VTEC) or enterohemorrhagic (EHEC), 

and enteroaggregative E. coli (EAggEC). Hammerum 

and Heuer, (2009). Escherichia coli O157 is generally 

identified as being a Non-Sorbitole Fermenting, (NSF) 

Gram negative rod shaped organism, ranging 0.7 to 1.5 

x 2 to 5 μm in size, oxidase negative, catalase positive 

and indole positive. Some of these characteristics are 

used for biochemical confirmation of Escherichia coli 

O157 Heba (2012).In human, Escherichia coli O157is 

an important emerging zoonotic foodborne pathogen 

that especially in infants and the elderly can cause 

watery and/or bloody diarrhea, hemorrhagic colitis 

(HC), hemolytic-uremic syndrome (HUS), and 

thrombotic thrombocytopenic purpura (TTP) Gyles 

(2007) and  Xiong et al ., (2012). The major animal 

reservoirs of EHEC O157 are primarily cattle, followed 

by sheep, goats, pigs, and chickens.  Ferens et al., 

(2011) and Yan, et al., (2011).  The resistance of 

powerful virulence factors to acid is mainly associated 

with the pathogenicity of E. coli O157. Shiga toxin and 

intimin, are key virulence factors for the pathogenesis of 

E. coli O157 Wu, et al., (2011). Intimin is encoded by 
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eae gene in the locus of enterocyte effacement (LEE) of 

E. coli O157 is essential for Attaching/Effacing (A/E) 

lesion formation. Shiga toxins are responsible for 

binding to the glycolipid globotriaosylceramide (Gb3) 

on the target cell surface causing protein synthesis to 

cease leading to the death of affected cells Kaper et al., 

(2004). This study was conducted to identify 

Escherichia coli O157 by VITEK2 system, prevalence 

of important virulent genes (stx1, stx2 and eaeA) of 

Escherichia coli O157 isolated from different sources. 

2- MATERIALS AND METHODS  

2.1. Sample collection  

A total of 671 samples were collected from different 

sources in Egypt. Sampling included various types of 

water, raw milk, fecal swabs from diarrheic animal 

cases and birds cloacal swabs.  

2.2. Isolation of E. coli O157 

Twenty five ml of each sample of water and milk was 

enriched with 225 ml of modified tryptic soy broth 

(mTSB- DifcoLa Jolla, CA/USA) and incubated for 24 h 

at 37°C. Also each fecal swab was directly transferred 

to 10 ml enrichment broth as described by 

Karuniawati (2001). After enrichment, aliquots of 100 

μl were plated onto MacConkey s agar (MAC-Difco) 

and Eosin Methylene Blue (EMB-Difco) agar and onto 

Sorbitol MacConkey s agar (SMAC-Difco) to test for 

sorbitol non-fermenting bacteria (colorless colonies). 

After 18 to 24 h at 37°C, characteristic colonies from 

SMAC agar were transferred onto Tryptic Soy agar 

(TSA, Difco) and used for biochemical identification 

tests.  

2.3. Identification and biochemical characterization 

of isolates  

Purified suspected E. coli-like colonies (n = 230) were 

identified by examining the morphology and 

biochemical properties of growing colonies. Gram 

staining was evaluated following the procedure 

described by Cruickshank et al., (1975) and E. coli-like 

colonies were subjected to different biochemical tests, 

including sugar fermentation tests, indole production 

test, Methyl-Red and Voges- Proskauer (IMIVC) tests, 

following the standard methods described by Holt et al., 

(1994) and  Quinn et al., (2002).  

 

2.4. E. coli O157 identification by Vitek2 compact 

system according to BioMe’rieux (2006) 

Inoculum Preparation: From the isolated colonies grown 

on the Mueller Hinton agar 24 h at 37°C, a bacterial 

suspension was prepared in 3 mL of sterile saline 

(aqueous 0.45% to 0.50% NaCl, pH 4.5 to 7.0) in a 

12x75 mm clear plastic (polystyrene) test tube. The 

turbidity of the suspension was adjusted to a McFarland 

standard of 0.5 with the help of a VITEK-2 DensiCheck 

instrument. The time between the preparation of 

inoculum and filling of the card was always less than 30 

min. 

Identification with the VITEK-2 system was performed 

using a Gram Negative (GN) card according to the 

Manufacturer’s instructions. The culture suspension was 

inoculated into the GN Card with the help of a vacuum 

device inside the filling chamber. The cards were later 

transferred into the loading chamber where the cards 

were sealed and were incubated in a rotating carousel at 

37°C. Each loaded card was removed from the carousel 

for every 15 minutes, transported to the optical system 

for reaction readings and the returned to the carousel 

incubator until the next read time. Data was collected at 

15-minute intervals during the entire incubation period. 

 

2.5. Serotyping identification of E. coliO157 isolates: 

All E. coli isolates were serotyped by slide agglutination 

test according to Edwards and Ewings (1972) using 

standard monovalent E. coli O157 antisera. 

 

2.6. Congo red (CR) binding activity  

The individual E. coli O157 isolates were tested for their 

binding activity with Congo red dye, which is an 

indicator of intestinal invasion Berkhoff and Vinal 

(1986). Individual E. coli O157 colonies were cultured 

onto Congo red medium and incubated at 37°C for 24 h. 

Culture plates were then transferred at room temperature 

for additional 24-48h of incubation. Growth of red 

colonies indicates a Congo red positive (CR+). 

 

2.7. Detection of virulence genes 

2.7.1. DNA extraction. DNA extraction from isolates 

was performed using the QIAamp DNA Mini kit 

(Qiagen, Germany, GmbH) with modifications from the 

manufacturer’s recommendations. Briefly, 200 µl of the 

sample suspension was incubated with 10 µl of 

proteinase K and 200 µl of lysis buffer at 56OC for 10 

min. After incubation, 200 µl of 100% ethanol was 

added to the lysate. The sample was then washed and 

centrifuged following the manufacturer’s 

recommendations. Nucleic acid was eluted with 100 µl 

of elution buffer provided in the kit. 

Oligonucleotide Primer. Primers used were supplied 

from Metabion (Germany) are listed in table (1). 

2.7.2. PCR amplification. For eaeA gene PCR, 

primers were utilized in a 25- µl reaction containing 

12.5 µl of EmeraldAmp Max PCR Master Mix (Takara, 

Japan), 1 µl of each primer of 20 pmol concentration, 

4.5 µl of water, and 6 µl of DNA template. However in 

stx1 and stx2 PCR, primers were utilized in a 50- µl 

reaction containing 25 µl of EmeraldAmp Max PCR 

Master Mix (Takara, Japan), 1 µl of each primer of 20 

pmol concentration, 9 µl of water, and 12 µl of DNA 
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template. The reactions were performed in an Applied 

biosystem 2720 thermal cycler.  

2.7.3. Analysis of the PCR Products: Sambrook, et 

al., (1989) 

The products of PCR were separated by 

electrophoresis on 1.5% agarose gel (Applichem, 

Germany, GmbH) in 1x TBE buffer at room temperature 

using gradients of 5V/cm. For gel analysis, 20 µl of the 

products was loaded in each gel slot. Gelpilot 100 bp 

and 100 bp plus DNA Ladders (Qiagen, Germany, 

GmbH) were used to determine the fragment sizes. The 

gel was photographed by a gel documentation system 

(Alpha Innotech, Biometra) and the data was analyzed 

through computer software.   

Table (1): Primers sequences, target genes, amplicon sizes and cycling conditions. 
Targe

t gene 

Primers sequences Amplified 

segment 

(bp) 

Primary  

Denaturatio

n 

Amplification (35 cycles) Final 

extensio

n 

Reference 

Secondary 

denaturatio

n 

Annealin

g 

Extension 

 Stx1 F ACACTGGATGATCTCAG

TGG 

614 94˚C 

10 min. 

  

94˚C 

1 min. 

  

58˚C 

1 min. 

72˚C 

1 min. 

72˚C 

10 min. 

 

Dipineto et 

al., 2006 

 
R CTGAATCCCCCTCCATTA

TG 

Stx2 F CCATGACAACGGACAGC

AGTT 

779 

R CCTGTCAACTGAGCAGC

ACTTTG 

eaeA F ATG CTT AGT GCT GGT 

TTA GG 

248 94˚C 

5 min. 

94˚C 

30 sec. 

51˚C  

30 sec. 

72˚C 

30 sec. 

72˚C 

7 min. 

Bisi-Johnson 

et al., 2011 

R GCC TTC ATC ATT TCG 

CTT TC 

 

3- RESULTS AND DISCUSSION 

Escherichia coli O157 is a serotype of the bacterial species Escherichia coli and is one of the Shiga toxin–producing 

types of E. coli. It is a cause of disease, typically foodborne illness through consumption of contaminated and raw 

food, including raw milk Karch et al., (2005). Infection with this type of pathogenic bacteria may lead to 

hemorrhagic diarrhea, and to kidney failure Tamparo and Carol (2011), these have been reported to cause the deaths 

of children younger than five years of age, of elderly patients, and of compromised patients. Transmission is via 

the fecal–oral route, and developed illness has been through distribution of contaminated raw leaf green vegetables, 

undercooked meat and raw milk CDC (2016). Escherichia coli O157 causing severe bloody or mucoid diarrhea in 

calves and some of these animals died in sever complicated cases. A recent outbreak of fatal meningoencephalitis and 

septicemia in one-month-old goats was caused by Verotoxogenic Escherichia coli O157 (VTEC O157) had been 

reported by CFSPH (2016).  

Verotoxogenic Escherichia coli O157 considered one of the causes of the avian colibacillosis, which considered as 

one of the principal causes of heavy economic losses to the poultry industry. Avian colibacillosis has been noticed to 

be a major infectious disease in birds of all ages, but very dangerous to chicks Kabir (2010). The technique of vitek2 

system has improved the field of bacterial screening by providing more reliable, faster and highly sensitive technique 

for bacterial identification. In addition of identification of bacteria by VITEK2 system has revealed prominent inter 

laboratory reproducibility and is quickly being included as a routine method for laboratory microbiology Wallet et al., 

(2005). A total of 16 E. coli O157 isolates were recovered from 671 samples collected from different sources and 

identified by vitek2 system. Table (2) showed that the prevalence of E. coli O157 from cattle fecal samples was 

(20%).  

The prevalence of VTEC O157 from cattle feces ranged from (0.2%) to (27.8%) Hussein and Bollinger, (2005).  

Cernicchiaro et al., (2012) reported (19%) bovine fecal samples were positive for E. coli O157. The prevailing part of 

the E. coli O157 from sheep fecal samples was (1%). The prevalence of E. coli O157 in sheep was (1.4%) Novotna et 

al., (2005). In Scotland a higher incidence of E. coli O157 among sheep fecal samples was (6.5%) Ogden et al., 

(2005).  E. coli O157 present among (0.7%) of sheep in Great Britain Milnes, (2008). Where the E. coli O157 from 

chickens cloacl swabs was (13. 6%). Abdul-Raouf et al., (1996) recorded low incidence of O157 in chicken (4%). 

While almost similar incidence (11%) from chicken was reported by Heba (2012). The E. coli O157 from milk 

samples was (7.8%). These percentages was near to those obtained by other authors  as Mohamed et al.,  (2003) who 

reported (7.1%) positive for E. coli  O157 were from raw milk samples. Also Abdul-Raouf et al., (1996) obtained that, 

E. coli O157 in raw milk samples was (6%). The prevalence of the E. coli O157 from fresh water were (12.5%). 

https://en.wikipedia.org/wiki/Serotype
https://en.wikipedia.org/wiki/Bacteria
https://en.wikipedia.org/wiki/Escherichia_coli
https://en.wikipedia.org/wiki/Shigatoxigenic_and_verotoxigenic_Escherichia_coli
https://en.wikipedia.org/wiki/Shigatoxigenic_and_verotoxigenic_Escherichia_coli
https://en.wikipedia.org/wiki/Disease
https://en.wikipedia.org/wiki/Foodborne_illness
https://en.wikipedia.org/wiki/Pathogenic_bacteria
https://en.wikipedia.org/wiki/Diarrhea
https://en.wikipedia.org/wiki/Kidney
https://en.wikipedia.org/wiki/Fecal%E2%80%93oral_route
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Similar result (12.5%) positive for E. coli O157 from Nile river samples was obtained by Mohamed et al., (2003). 

However Mohmmed, et al., (2012) reported a higher incidence (23%) were positive for E. coli O157 isolates from 

drinking water in Basrah Province.  

 

 

Table (2): Prevalence, virulence factors and genes among E. coli O157 isolates: 
Virulence genes Invasion of E.coli 

O157 on Congo 
Red Agar 

Positive E.coli 
O157 Isolated E.coli Type of Samples Source 

eaeA Stx2 Stx1 % +VE 

6 4 5 +++ 20 6 30 Fecal swabs Cattle 
1 0 1 +++ 1 1 100 Fecal swabs Sheep 

3 1 2 +++ 13.6 3 22 Cloacal swabs Chicken 

0 0 0  0 0 20 Cloacal swabs Duck 

3 0 0 +++ 7.8 3 38 Raw milk Milk 

3 1 1 +++ 
12.5 3 24 Animal drinking water 

Water 

 

On other hand, there were no isolates for E. coli 

O157 from ducks cloacal swabs were detected. 

Similar result was recorded by Heba (2012) who 

found no isolates from ducks for E.coli O157. But 

Shaohui et al., (2014) reported that, 1% was positive 

for E. coli O157 from duck samples. As explained 

in (Table 2), all E. coli O157 isolates clearly 

demonstrated an invasive phenotype on CR agar, 

similar findings were reported by Samy et al., 

(2013) and Shome et al., (2005).The pathogenesis of 

E. coli O157 were established by Shiga toxins and 

intimin genes. The  Intimin  is encoded by eaeA 

gene is essential for Attaching/Effacing (A/E) lesion 

formation this lesion is characterized by the 

destruction of the microvilli and the rearrangement 

of the cytoskeleton to form a pedestal-like structure 

that cups the bacteria individually for colonization 

of the gastrointestinal tract Woodward  et  al.,  

(2003).  

Shiga toxins which consists of five identical B 

subunits that are responsible for binding the 

holotoxin to the glycolipid globotriaosylceramide 

(Gb3) on the target cell surface, and a single A 

subunit that cleaves ribosomal RNA, causing 

protein synthesis to cease leading to the death of 

affected cells  Newton  et  al.  (2009). Out of the 16 

isolates of E. coli O157 virulence genes 9 (56.25%), 

7(43.75%) and 16(100%) were positive screened for 

stx1, stx2 & eaeA, respectively as shown in figure 

(1, 2, 3, 4). These were near to those obtained by 

Khanjar, et al., (2014). The distribution and role of 

these studied genes in pathogenicity of E.coli were 

previously investigated in several studies researches 

as reported by Shahzad et al., (2013) who concluded 

that Stx1 and Stx2 genes were found in 38% of 

E.coli isolates of raw milk and beef meat 

contaminated with feces of animals. Moreover, 

Adler et al., (2000) revealed the distribution of sxt1 

and sxt2 in beef and milk samples were 1.4 and 

41.2% respectively, and both of them detected in 

57.4%.   

According to the results of Barkocy-Gallagher et al., 

(2001) suggested that most of SNF E. coli of bovine 

isolates carried the both the shiga toxin genes (sxt1 

and sxt2). However, the prevalence rate of sxt2 

(20%) is more predominant than  Stx1 gene 3%, and 

both the genes detected  in 76 % isolates of human 

clinical cases Stephen et al., (1989). The role of   

eaeA gene that encodes intimin is considered critical 

in the attaching and colonization of the organism 

into the host epithelial cells that usually lead to 

hemolytic uremic syndrome in human James et al., 

(2001).   

This also supported by the findings of Oporto et al., 

(2008) that demonstrated , all E. coli O157:H7 

carried  stx(2) gene and  eaeA gene  was detected in 

95.9%  and the distribution of  stx(2)/eaeA/E-hlyA 

genes were detected in  75.5% of  O157:H7 isolates, 

although the  non-O157 STEC,  contain the eaeA 

gene but  with  significantly lower percentage 

(5.3%) with sporadic association of  E-hlyA gene  in 

50.2% of the isolates. 
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Fig.(1): Agarose gel electrophoresis showing results of uniplex PCR for detection of  eaeA gene. from samples No. (1 to 10) of E.coli 

O157. (Lane.1to lane.6):Positive eaeA gene (248 bp)from cattle samples. Lane 7: Positive of eaeA gene (248 bp) from sheep samples . 

(lane.8 to lane. 10): Positive of eaeA gene (248 bp) from chicken samples. Neg : Negative control. L: represents the molecular size 

marker (100pb plus ladder) Pos : Positive control of eaeA gene (248 bp). 

 

 
Fig. 2: Agarose gel electrophoresis showing the continuous results of uniplex PCR for detection of eaeA gene from samples No. (11 to 

16) of E. coli O157. Lane.11 to lane.13: Positive eaeA gene (248 bp) from milk samples. Lane.14 to lane.16: Positive eaeA gene (248 

bp) from water samples. L: represents the molecular size marker (100pb plus ladder). Neg : Negative control . Pos : Positive control of 

eaeA gene (248 bp). 

 
Fig.3 : Agarose gel electrophoresis showing results of uniplex PCR for detection of  (stx1 and stx2) genes. from samples No. (1 to 10) 

of E.coli O157. (Lane.1to lane.6): Positive stx1 (614 bp) and stx2 (779 bp) gene from cattle samples. Lane 7: Positive of stx1 (614 bp) 

and stx2 (779 bp) gene from sheep samples. (lane.8 to lane. 10): Positive of stx1 (614 bp) and stx2 (779 bp) gene from chicken 

samples. Neg : Negative control . L: represents the molecular size marker (100pb plus ladder) Pos :Positive control of stx1 (614 bp) 

and stx2 (779 bp) gene. 

 
Fig.(4): Agarose gel electrophoresis showing the continuous results of uniplex PCR for detection of stx1 and stx2 genes from samples 

No. (11 to 16) of E. coli O157. Lane.11 to lane.13: Positive stx1 (614 bp) and stx2 (779 bp) gene. from milk samples. Lane.14 to 

lane.16: Positive stx1 (614 bp) and stx2 (779 bp) gene from water samples. L: represents the molecular size marker (100pb plus 

ladder). Neg : Negative control . Pos : Positive control of stx1 (614 bp) and stx2 (779 bp) gene. 

5- CONCLUSIONS  

  

 

Animal and bird feces, particularly from cattle, 

sheep and chicken, serve as major reservoirs for 

water contamination by E. coli O157. Thus, it is 

important in building up control methods for 
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prevention of contamination by E. coli O157 in 

animals and humans. Several virulence factors 

associated with E. coli O157 pathogenicity were  

 

investigated.  The results in our study concluded 

that molecular identification by PCR was accurate, 

rapid and helpful approach in detection of E.coli 

O157 virulence genes isolated from different 

sources. The Intimin gene was detected in all tested 

isolates while stx1, stx2 were detected in 56.25% 

and 37.5% of samples respectively. Further 

researches about the actual role and distribution of 

these genes from different sources are needed in the 

future.   
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