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Abstract: The purpose of this study was to determine the virulence genes and serotype of Shiga -toxin 

producing Escherichia coli (STEC) strains isolated from milk samples of cattle. A total of 51 milk samples 

collected from different unorganized farms in an around Guwahati city were screened for E. coli and out of 

these 51 samples 30 (58.82%) yielded E. coli. All the 30 E. coli isolates were subjected to screening for different 

virulent factors like stx1, stx2 and eae by PCR amplification using specific oligonucleotide primer. Seven 

(23.33%) of the 30 E. coli isolates carried at least one gene sequence among these groups: three isolate carried 

stx1 gene sequence and four carried eae gene sequence, no isolate carried the stx2 gene sequence. The stx1 

positive serogroups were belonged to serogroups O118 (one isolate) and O153 (two isolates), and eae positive 

serogroups were belonged to O2 (four isolates) serogroups. 
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I. Introduction 
Shiga-Toxigenic Escherichia coli (STEC) is considered to be most common food-borne zoonotic 

pathogen causing various disease conditions in both animals and humans [1].  Ruminants are considered as 

important source of STEC with cattle being regarded as the primary reservoir [2, 3]. Humans may acquire STEC 

infections primarily from consumption of undercooked beef, raw milk, meat and dairy products, vegetables, 

unpasteurized fruit juices and water contaminated with feces of animal [4,5,6].  The virulent strains of STEC are 

associated with one or more types of Shiga toxin (Stx1, Stx2 or Stx2 variants) as well as the property of 

producing intimin required for attachment- effacement lesions encoded by eae gene [2, 6,7].  

There are at least 200 serotypes of E. coli that are capable of producing Shiga toxins [8,9,10].  

However, of these serotypes E. coli O157:H7 is the most well-known to both microbiologists and the general 

public but several non-O157 STEC strains are also associated with production of shiga-toxin [1,2,8,11,12].  

Isolation of  O157:H7,  O157:  H-  or  the  other  STEC  serotype   from  dairy  cattle  emphasize  the  role  of  

raw  milk as an important vehicle of transmission [3, 13]. Considering the public health importance of STEC, a 

study was undertaken to isolate the STEC from milk samples of cattle and molecular detection of certain 

virulence genes in the isolates. 

 

II. Materials and methods 

2.1. Isolation and Identification of E. coli: A total of 51 milk samples were collected from different 

unorganized farm in and around Guwahati city. All samples were immediately streaked onto 

MacConkey's Lactose Agar (MLA) plates for primary isolation of E. coli as the method described by 

Collis and Lyne [14] and incubated aerobically at 37°C for 24 hours. Lactose fermenting colonies 

suggestive of E.coli were sub-cultivated on Eosin Methylene Blue (EMB) agar medium for 

purification and differentiation E.coli from other lactose fermenter. Colonies showing characteristic 

metallic sheen on EMB agar were identified as E. coli on the basis of staining characteristics as well 

as biochemical characteristics, viz. Indole, Methyl red, Voges proskaeur and citrate utilization 

(IMViC) as well as tests viz. sugar fermentation, urea hydrolysis, production of H2S [15]. 
 

2.2. Serotyping of E.coli: The isolated E. coli strains were serotyped on the basis of somatic (O) and 

flagellar (H) antigens in the National Salmonella and Escherichia Centre, Central Research Institute,  

Kasauli (Himachal Pradesh) as per Edwards and Ewing [15]. 
 

2.3. Extraction of DNA: The template DNA was obtained from each E. coli isolate as per the method of 

Titball et al. [16]. Briefly, 16-18 hours growth of E.coli were obtained in 2 ml Luria Bertoni (LB) 

broth. Broth cultures were centrifuged at 12000 rpm for 10 minutes at 4°C. The pellets were 
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suspended in 75 µl of Tris EDTA buffer and heated in boiling water bath at 100°C for 20 minutes, 

followed by snap chilling in ice for 20 minutes and finally centrifuged at 12000 rpm for 20 minutes at 

4°C. The supernatant was collected without disturbing the sediment and directly used as template 

DNA for PCR for screening of virulence genes. 

 

2.4. Polymerase chain Reaction: Extracted DNA were subjected to PCR for screening of stx1, stx2 

and eae genes in the E. coli isolates by method recommended by Vidal et al. [17] using primers 

reported by various previous workers (Table 1).  

PCR was carried out with a 25.0 μl final reaction volume in 2x Dream Taq Green PCR Master 

mix (Fermentas, Life Sciences), comprising of 4mM MgCl2, 0.4mM of each dNTPs, 0.05units/ml of 

Taq DNA polymerase, 150 mM tris-HCL PCR buffer, 0.5µl(10 pmole) each of primer for stx1 and 

eae gene and 1.0µl (20pmole) of primer for stx1 gene, in 0.2 ml thin wall PCR tube. The whole 

reaction was carried out with a PCR conditions, 96°C for 4 min, 35 cycles of 95°C for 20 sec., 57°C 

for 20 sec., 72 °C for 1 min and followed by 72°C for 7 min in a Gradient thermal cycler (Techne, 

Germany). 

The PCR amplified products were separated by electrophoresis with 1.8% (w/v) agarose gel 

containing ethidium bromide (0.5 µg/ ml) 1x TBE along with 100 bp ladder as a molecular weight 

marker. Electrophoresis was carried out at 85V for 1 hour. The amplified product was visualized as a 

single compact band of expected size under UV light (Fig.1) and documented by gel documentation 

system (Kodak Germany).  

 

III. Result and discussion 

Out of total 51 milk samples tested, 30 (58.82%) yielded E. coli. Seven (23.33%) of the 30 E. 

coli isolates carried stx1 and eae gene sequence among the group stx1, stx2 and eae. Detection of 

shiga-toxigenic  E.coli in the raw milk samples of apparently healthy cows in agreement with the 

findings of Kiranmayi et al.[18]  who  also detected STEC in 20 per cent raw cow's milk. Similar 

observation was also reported by Gaulin et al. [19]. Three isolates carried stx1 gene sequence and four 

carried eae gene sequence, no isolate carried the stx2 gene sequence. The stx1 positive serogroups 

were belonged to serogroups O118 (one isolate) and O153 (two isolates), and eae positive serogroups 

were belonged to O2 (four isolates) serogroups. The stx1, stx2 and eae  genes encode for Shiga toxin 

1, Shiga toxin 2 and Intimin respectively, which are the characteristics cytotoxins released by Shiga- 

toxigenic Escherichia coli (STEC). 

 

IV. Figures and tables 

 
Fig. 1. Gel Electrophoresis of STEC 

Lane 1= Negative Control, Lane 2= 100 bp DNA ladder 

Lane3= Sample +ve for stx1 gene (348 bp, Lane4= Sample +ve for eae gene (482 bp) 

 

 

1 2 

 

3 4 
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Table 1.  Details of primers used for PCR reaction 

Primers           Sequence 

           (5´- 3´) 

Target 

gene  

Amplicon 

    (bp) 

Reference  

stx1(F) 

stx1(R) 

CAG TTA ATG TGG TGG CGA AGG  

CAC CAG ACA ATG TAA CCG CTG  

stx1 348 Cebula et al,.1995 

          [20] 

stx2(F) 

stx2(R) 

ATC CTA TTC CCG GGA GTT TAC G 

GCG TCA TCG TAT ACA CAG GAG C 

stx2 584 Cebula et al.,1995 

          [20] 

eae(F) 

eae(R) 

TCA ATG CAG TTC CGT TAT CAG TT 

GTA AAG TCC GTT ACC CCA ACC TG 

eae 482 Vidal et al.,2005 

           [17] 

 

V. Conclusion 

The findings of present studies assumed a special significance in terms of potencial public 

health hazards as these may be cross transferred to man via food chain. STEC strains are associated 

with haemorrhagic colitis (HC) and Haemolytic uraemic syndrome (HUS) in human and also in 

oedema disease in pigs. Raw milk may be easily contaminated with animal faeces and becomes a 

good source of infection for human if the milk is consumed without proper  pasteurization and it is 

important from zoonotic point of view. 

 

Acknowledgement 

The authors are extremely grateful to Department of Biotechnology, Govt. of India and State 

Biotech Hub, Assam for providing the financial help in the form of studentship during the research 

work. The study relates to the naturally prevalent cases and thus, does not include any 

experiments. 

 
References 

[1]. A. Kumar, N. Taneja, B. Bharti and M. Sharma, Characterization of Shiga toxigenic Escherichia coli isolated from cases of diarrhea 

& haemolytic uraemic syndrome in North India, Indian Journal of   Medical Research, 140, 2014, 778-784. 
[2]. A. Perera, C. M. Clarke, G. A. Dykes and N. Fegan, Characterization of Shiga toxigenic Escherichia coli O157 and non O157 

isolates from ruminant feces in Malaysia, Biomed Research  International, 2015, 1-8  

[3]. W. K. Sang, H. I. Boga, P. G. Waiyaki, D. Schnabel, N. C. Wamae and S. M. Kariuki, Prevalence and genetic characteristics of 
Shigatoxigenic Escherichia coli from patients with diarrhoea in Maasailand, Kenya, Journal of  Infection in  Developing  

Countries,6(2), 2012, 102-108.  

[4]. J. Blanco, M. Blanco, J. E. Blanco,  A. Mora,  M. P. Alonso, E. A. Gonza´lez and M. I. Berna´rdez, Epidemiology of 
verocytotoxigenic  Escherichia coli (VTEC) in ruminants. Int: Duffy G., Garvey P., McDowel D. (Eds.), Verocytotoxigenic 

Escherichia coli ( Food and Nutrition Press Inc Trumbull, USA, 2001) 113-148. 

[5]. L. Beutin, D. Geier, H. Steinrück, S. Zimmermann and F. Scheutz, Prevalence and some properties of verotoxin (Shiga-like toxin)-
producing Escherichia coli in seven different species of healthy domestic animals, Journal of  Clinical  Microbiology, 31, 1993, 

2483-2488. 

[6]. J. P. Nataro and J. B. Kaper, Diarrheagenic Escherichia coli, Clinical. Microbiology Reviews, 11 (1), 1998, 142–201. 
[7]. M. Blanco, J. E. Blanco, A. Mora, G. Dahbi, M. P. Alonso, E. A. Gonzalez, M. I. Bernardez  and J. Blanco, Serotypes, virulence 

genes and Intimin types of Shiga-toxin (Verotoxin)- producing Escherichia coli isolates from cattle in Spain and identification of a 

new Intimin Variant Gene (eae-ξ), Journal of  clinical  microbiology, 42(2), 2004, 645-651. 
[8]. G. Kesava Naidu, N. Rajendra Goud., S. M. Gaddad and C.T. Shivannavar, Detection of shiga toxin genes (stx1 & stx2) and 

molecular characterization of shiga-toxigenic Escherichia coli isolated from diverse sources in gulbarga region, India, 
Pharmacophore , 2(5), 2011, 253-265 

[9]. T. Rammurthy, Shiga  toxin producing  Escherichia  coli  (STEC):  the bug  in  our  backyard, Indian  Journal of  Medical  

Research,128, 2008, 233-236. 
[10]. R. P. Johnson, R. C. Clarke, J. B. Wilson, S. C. Read, K. Rahn, S. A. Renwick, K. A. Sandhu, D. Alves, M. A. Karmali, H. Lior, S. 

A. McEwen, J. S. Spika and C. L. Gyles, Growing concerns and recent outbreaks involving non- O157:H7 serotypes of 

verotoxigenic Escherichia coli, Journal of Food Protection, 59, 1996, 1112-1122. 
[11]. M.A. Karmali, Infection by verocytotoxin- producing  Escherichia coli, Clinical  Microbiology  Review, 2, 1989, 15-38. 

[12]. P. D. Fey, R. S. Wickert, M. E. Rupp,   T. J. Safranek and S. H. Hinrichs, Prevalence of non-O157:H7 shiga toxin-producing 

Escherichia coli in diarrheal stool samples from Nebraska, Emerging Infectious Disease, 6(5), 2000, 530–533. 
[13]. C. J.  Reitsma and D. R. Henning, Survival  of enterohemorrhagic  Escherichia  coli  O157:H7  during  the manufacture of cheddar 

cheese, Journal of  Food Protection, 59, 1996,   460-464. 

[14]. C. H. Collins and P. M. Lyne, Microbiological  Methods  Laboratory Techniques Series, 4th ed. ( Butterworth, London, 1970) 
[15]. P. R. Edwards, and W. H. Ewing, Identification  of  Enterobacteriaceae 4th ed. (Burgess Publishing  Company,  Minneapolis,  

Minnesota, 1986). 

[16]. R. W. Titball,   S.E. Hunter,    K. L. Martin,    B.C. Morris, A. D.  Shuttleworth,  T.  Rubidge,  D. W. Anberson and D.C. Kelly, 
Molecular cloning and nucleotide sequence of the alpha-toxin (phospholipase C) of Clostridium perfringens. Infection and 

Immunity, 57(2), 1989, 367-376. 

[17]. M. Vidal, E. Kruger, C. Duran, R. Lagos, M. Levine, V. Prado, C. Toro and R. Vidal, Single multiplex PCR assay to identify 
simultaneously the six categories of diarrhoeagenic Escherichia coli associated with enteric infections, Journal of  Clinical 

Microbiology, 43(10), 2005, 5362-5365. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Wickert%20RS%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rupp%20ME%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Safranek%20TJ%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hinrichs%20SH%5Bauth%5D
http://iai.asm.org/search?author1=R+W+Titball&sortspec=date&submit=Submit
http://iai.asm.org/search?author1=S+E+Hunter&sortspec=date&submit=Submit
http://iai.asm.org/search?author1=A+D+Shuttleworth&sortspec=date&submit=Submit
http://iai.asm.org/search?author1=T+Rubidge&sortspec=date&submit=Submit


Detection of Shiga-Toxigenic Escherichia Coli in Milk Samples of Cattle by PCR 

DOI: 10.9790/2380-08517578                                        www.iosrjournals.org                                          78 | Page 

[18]. C. H. Kiranmayi and N. Krishnaiah, Detection of Shiga toxigenic Escherichia coli by PCR. Indian Veterinary Journal, 88 (8), 2011, 

19-20. 

[19]. C. Gaulin, E. Levac, D. Ramsay, R. Dion, J. Ismail, S. Gingras and C. Lacroix, Escherichia coli O157:H7 outbreak linked to raw 
milk cheese in Quebec, Canada: use of exact probability calculation and casecase study approaches to foodborne outbreak 

investigation, Journal of Food Protection, 75, 2012, 812–818. 

[20]. T. A. Cebula, W.L. Payne and P. Feng, Simultaneous identification of strains of Escherichia coli serotype O157:H7 and their Shiga-
like toxin type by mismatch amplification mutation assay-multiplex PCR, Journal of Clinical  Microbiology, 33(1), 1995, 248–250. 


