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INTRODUCTION

Escherichia coli is a Gram-negative, facultative anaerobic 
and commensal bacterium which has been estimated for 
up to 1% of the bacterial flora of the gut.[1,2] Based on 
the specific virulence factor and their types of diseases, 
E. coli can be classified into six categories including 
enteropathogenic, enterotoxigenic, Shiga toxin-producing 
(STEC), enteroinvasive, enteroaggregative and diffuse-
adhering Escherichia coli.[3]
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ABSTRACT

Aims: This study was conducted to determine the prevalence rate, virulence 
genes and antimicrobial resistance of Escherichia coli O157:H7/NM isolated 
from hamburger and chicken nugget in Isfahan, Iran.
Material and Methods: From June 2013 to July 2013, a total of 190 hamburger 
(120) and chicken nugget (70), were collected from four randomly selected 
factories in Isfahan, Iran. They were evaluated for the presence of E. coli 
O157:H7/NM using microbiological culture and polymerase chain reaction. 
Statistical analysis was performed using SPSS software version 16.0 (SPSS 
Inc., Chicago o, IL, USA).
Results: From a total of 190 samples analyzed four samples (2.1%) were 
contaminated with E. coli O157. All of the E. coli O157 were isolated from 
hamburger samples (3.3%) and chicken nugget samples were negative. Of four 
E. coli O157 isolated, only one sample was serotype E. coli O157:H7 and others 
were serotype E. coli O157:NM. Among four E. coli O157:H7/NM isolates, one 
strain was positive for all stx1, stx2, eaeA and ehxA genes. One strain was 
positive for stx2 gene. The other two were negative for these genes. All isolates 
(100%) were resistant to one or more antimicrobial agents.
Conclusions: The results of this study showed that hamburger could be a 
significant source of E. coli O157:H7 and E. coli O157:NM serotypes in Iran and 
multi-resistance was found in 27% of E. coli O157 strains and this is a major 
public health concern.
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Recently, it has been determined that strains of STEC, 
the well-studied strains of the E. coli, are the main global 
food safety concern.[4] Among these strains, O157:H7 and 
O157:NM are the most important due to their linked to severe 
diseases such as bloody diarrhea, hemorrhagic and hemolytic 
uremic syndrome (HUS).[5] Although E. coli O157:H7/NM 
was isolated for the first time in the 1970s but recognized 
as a food borne pathogen in the 1980s, however, since 1982 
several outbreaks in all over the world established it as a 
food-borne pathogen.[6-8]

E. coli O157 can be found in a wide variety of foods such 
as meats, meat products, milk, dairy products and fresh 
products.[9-12] In addition, recently it has been investigated 
that E. coli O157 enable to survive in a wide range of 
conditions such as freezing temperature (−20°C) and 
acidic foods.[7,13] Several lines of investigations have shown 
that fewer than 100 bacterial cells are enough to cause an 
infection.[14-16] Based on literature reviews, there are some 
virulence factors for pathogenicity of this bacterium. These 
virulence factors are as follows: stx1 and stx2 Shiga toxins 
and correlated variants that encoded by stx1 and stx2 genes, 
intimin is the second virulence factor that is necessary for 
linked between bacteria and intestinal epithelium and it is 
encoded by eaeA gene. Last factor is enterohemolysin, which 
is encoded by ehxA gene.[17-19]

E. coli O157:H7 lives in the intestines of many animals 
including cattle, chickens, birds, pigs and sheep. Thus, when 
animals are slaughtered, bacteria from animal intestines 
may contaminate their meat.[20,21] It has been shown that 
about half of the diseases caused by E. coli O157:H7 in 
USA linked to consumption of undercooked ground beef. 
Therefore, meat and its products are the main sources of 
E. coli transmission.[22]

Previous studies indicated that there is a high-prevalence of 
E. coli O157:H7 on beef and chicken in the slaughterhouse 
of Isfahan.[23,24] Currently, there is limited information 
regarding the prevalence and antimicrobial susceptibility 
patterns of E. coli O157:H7/NM in meat products in Iran. 
The antimicrobial agents tested in this study are widely used 
to treat infections in people and in food animals in Iran. 
The aim of this study was to assay the prevalence, virulence 

factor and antibiotic resistance of E. coli O157:H7/NM in 
hamburger and chicken nugget. According to the authors 
information, this is the first study that investigated E. coli 
in chicken nugget in Iran.

MATERIALS AND METHODS

Sample collection
Hamburger (n = 120) and chicken nugget (n = 70) samples 
were collected from different product meat factories of 
Isfahan, Iran. Samples were taken under sterile conditions 
and immediately transported to the microbiology laboratory, 
from June 2013 to July 2013.

Microbiological analyses
In order to enrichment, 25 g of each samples was added to 
a sterile plate containing 225 mL tryptone soya broth (TSB, 
Merck, Germany) that supplemented with novobiocin 
(20 mg/L) and then homogenized at least 2 min into a 
stomacher. The samples have been incubated at 37°C 
for 18-24 h. Subsequently, the enriched samples were 
streaked onto Levine eosin methylene blue agar and 
sorbitol McConkey agar plates supplemented with cefexime 
(0.5 mg/L) and potassium tellurite (2.5 mg/L). After 
incubation, non-sorbitol fermented colonies were confirmed 
by polymerase chain reaction (PCR).

Detection of E. coli O157 and virulence genes by PCR
All non-sorbitol fermenting colonies from the Sorbitol 
MacConkey Agar-Cefixime-Tellurite agar were assayed with 
PCR using the O-antigen encoding region of O157 gene 
and flagella H7 gene (fli C) and then E. coli O157 isolated 
were examined by PCR assay to determine the presence of 
virulence factors. The presence of virulence genes has been 
confirmed by following primers as described previously in 
Table 1.[25,26]

Deoxyribonucleic acid (DNA) was extracted by DNA isolation 
kit (Cinna Gen, Iran) according to the manufacturer’s 
instruction.

Amplification of target DNA was conducted in a DNA 
thermal cycler (Master Cycler Gradiant, Eppendorf, 

 Table 1: Primer sequences and predicted lengths of PCR amplification products
Gene Primer Oligonucleotide sequence (5’-3’) Fragment size (pb) Reference
stx1 VT1-A CGCTGAATGTCGCTCTGC 302 Blanco et al.[25]

VT1-B CGTGGTATAGCTACTGTCACC
stx2 VT2-A CTTCGGTATCCTATTCCCGG 516 Blanco et al.[25]

VT2-B CTGCTGTGACAGTGACAAAACGC
ehxA HlyAl GGTGCAGCAGAAAAAGTTGTAG 1551 Alonso et al.[26]

HlyA4 TCTCGCCTGATAGTGTTTGGTA
eaeA EAE-1 GAGAATGAAATAGAAGTCGT 775 Blanco et al.[25]

EAE-2 GCGGTATCTTTCGCGTAATCGCC
fliCh7 EAE-F GCGCTGTCGAGTTCTATCGAGC 625 Alonso et al.[26]

EAE-C1 CAACGGTGACTTTATCGCCATTCC
PCR: Polymerase chain reaction
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Germany). The amplification conditions and reagents for the 
PCR assays were those described by Rey et al.[27] The PCR 
products were separated by electrophoresis in 1.5% agarose 
gel and stained with ethidium bromide then were visualized 
under ultraviolet transilluminator.

Antimicrobial susceptibility testing
The isolated E. coli O157:H7/NM strains were tested for 
antibiotic resistance to eleven antimicrobial disks (Hi-Media 
Laboratories, Mumbai, India) including nalidixic acid (30 
µg), cefuroxime (30 µg), erythromycin (15 µg), tetracycline 
(15 µg), streptomycin (30 µg), gentamicin (10 µg), 
amoxicillin (30 µg), ampicillin (10 µg), kanamycin (30 µg), 
doxycycline (30 µg) and chloramphenicol (30 µg). The test 
was carried out by the Kirby-Bauer disc diffusion method 
on Mueller-Hinton agar plates (HiMedia Laboratories, 
Mumbai, India) supplemented with 5% defibrinated sheep 
blood, according to the Clinical Laboratory Standards 
Institute (CLSI, 2006).[28]

Statistical analysis
Statistical analysis was performed using SPSS software version 
16.0 (SPSS Inc., Chicago o, IL, USA). Data were compared 
statistically between prevalence of STEC E. coli O157:H7/
NM in hamburger and chicken nugget with Pearson’s Chi-
square test. The results were considered to be statistically 
significant with P < 0.05.

RESULTS

Table 2 shows the prevalence of E. coli O157:H7 and E. coli 
O157:NM isolated from hamburger and chicken nugget in 
Isfahan, Iran. From a total of 190 samples analyzed four samples 
(2.1%) were contaminated with E. coli O157. All the E. coli 
O157 was isolated from hamburger samples (3.3%) and no 
chicken nugget samples were positive. There was a significant 
difference in the level of contamination with E. coli O157 
between hamburger and chicken nugget samples with P = 0.045.

Among four E. coli O157 isolates, only one of them was 
serotype O157:H7 and three others were serotype O157:NM. 
Among four E. coli O157:H7/NM isolates, one strain was 
positive for all stx1, stx2, eaeA and ehxA genes and one strain 
only was positive for stx2 gene.

The resistance pattern of four E. coli O157:H7/NM isolates 
to eleven antimicrobial agents tested in this study is shown 
in Table 3. Overall, all of four E. coli O157:H7/NM isolates 
(100%) were resistant to one or more antimicrobial agent. 
Isolates were found to be more resistant to gentamycin, 
tetracycline and erythromycin, which have been extensively 
used in the livestock industry. All E. coli O157:H7/NM isolates 
were susceptible to cefuroxime and streptomycin. Multi-
resistance which was defined as resistance to three or more 
of drug tested was found in 27% of E. coli O157 strains and 
this is a major public health concern.

DISCUSSION

Based on evidence of outbreaks and recalls from market 
places, there has been an association between contaminated 
meat products and consumer health problems. For instance 
between 1992 and 1999, 16% of general outbreaks were 
related to consumption of contaminated red meat in England 
and Wales. On the other hand, due to contamination with 
E. coli O157:H7, more than 21 million pounds of ground beef 
were recorded in 2007.[29] Meat product samples have been 
examined in Iran and several countries for the presence of 
E. coli O157:H7/NM. The results of our study are comparable 
to some of the previous studies. Rahimi et al. detected E. coli 
O157:H7 in 13 (6.4%) of the 203 bovine carcass samples in 
Isfahan, Iran, but they did not check the presence of virulence 
genes in isolates.[30] Similarly, in another study in Iran, 
Hosseini et al. isolated bacteria in 8% to 18% of different types 
of hamburger samples. They detected 49 E. coli O157:H7 
isolates.16 strains carried stx1 gene and 41 strains possessed 
stx2 gene.[31] In Italy, Stampi et al. detected the pathogen 
in one sample of hamburger (3.3%) and two samples of 
hamburger mixed with vegetables (8.3%). Two strains of E. 
coli O157 were positive for verocytotoxin production and 
one strain possessed the gene for eaeA.[32] In Greece, 1.3% of 
75 fresh sausage samples examined were contaminated with 
E. coli O157:H7 but no E. coli O157:H7 was isolated from 
50 hamburger samples. The isolated strain carried both stx1 
and stx2 genes.[6]

We isolated E. coli O157:H7/NM in 3.3% samples of 
hamburger, Out of a total 4 E. coli O157 isolates, one was 

Table 2: Prevalence of E. coli O157:H7/NM isolated 
from hamburger and chicken nugget
Samples No. of 

samples 
examined

No. of 
positive 

samples (%)

Confidence 
interval of the 

difference
Hamburger 120 4 (3.3)* (0.001, 0.066)
Chicken nugget 70 0
Total 190 4 (2.1)
*One of the four E. coli O157 isolates, was serotype O157:H7. E. coli: 
Escherichia coli

Table 3: Antimicrobial resistance profiles of E. coli 
O157:H7/NM isolated from hamburger and chicken 
nugget
Antimicrobial agent E. coli O157:H7 

(N=1) (%)
E. coli O157:NM 

(N=3) (%)
Amoxicillin 0 (0.0) 0 (0.0)
Ampicillin 0 (0.0) 2 (66.6)
Cefuroxime 0 (0.0) 0 (0.0)
Chloramphenicol 0 (0.0) 1 (33.3)
Doxycycline 0 (0.0) 1 (33.3)
Erythromycin 1 (100) 2 (66.6)
Gentamicin 1 (100) 2 (66.6)
Kanamycin 1 (100) 1 (33.3)
Nalidixic acid 0 (0.0) 2 (66.6)
Streptomycin 0 (0.0) 0 (0.0)
Tetracycline 1 (100) 2 (66.6)
N: Number of isolates, E. coli: Escherichia coli
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serotype O157:H7 and three were serotype O157:NM. 
Isolated E. coli O157:H7 was positive for all stx1, stx2, eaeA 
and ehxA genes. One strain of E. coli O157:NM carried stx2 
gene. Variation in the prevalence rate and virulence factors 
of E. coli O157 isolates in different studies may be raised 
from different samples, natural source, year, employed 
techniques, seasonal effects and or different employed 
laboratory methods.[33]

Although, antibiotics serve as the most important agent 
to save millions of human lives by improving human and 
animal health, but there are some concerns about their using 
in food-producing animals which affect public health and 
food safety. Excessive and irregular use of such antibiotics in 
animals in the recent years has caused to emerging antibiotic 
resistant bacteria.[34] Antimicrobial susceptibility testing 
in our study indicated that there is a high resistance of 
E. coli O157 to gentamycin, tetracycline and erythromycin 
but, intermediate resistance to amoxicillin, cefuroxime 
and streptomycin. On the other hand 50% of isolates were 
resistant to ampicillin, nalidixic acid and streptomycin 
as well as 25% to chloramphenicol and doxycycline, 
respectively.

The results of our study indicated that there is a correlation 
between antibiotics that are being used to treat infections 
in animals and antimicrobial resistance in Iran. Although 
antibiotic resistance is widespread, using antibiotics for 
managing human disease like diarrhea, HUS and etc. is still 
undeniable.[35]

CONCLUSION

The presence of E. coli O157 in hamburger showed the 
potential risk of infection with E. coli O157 in people 
who are consuming meat products. Our study showed 
that hygiene conditions improved in the meat industry in 
Isfahan. However, it is impossible to completely eliminate 
the pathogenic bacteria from all cattle. Hence it seems the 
establishment of techniques, screening and control programs 
such as hazard analysis and critical control points are 
necessary due to more reduction of microbial contamination 
during slaughter and meat processing.

ACKNOWLEDGMENT

This study was extracted from Msc dissertation which was approved 
by School of Nutrition and Food Sciences, Isfahan University of 
Medical Sciences (Code 392167).

REFERENCES

1. Callaway TR, Carr MA, Edrington TS, Anderson RC, Nisbet DJ. Diet, 
Escherichia coli O157:H7, and cattle: A review after 10 years. Curr 
Issues Mol Biol 2009;11:67-79.

2. Vidová B, Tóthová E, Blahut L
,
, Horváthová V, Godány A. Multiplex 

PCR for detection of Escherichia coli O157:H7 in foods. J Biologia. 
2011;66:401-5.

3. Estrada-García T, Cerna JF, Paheco-Gil L, Velázquez RF, Ochoa TJ, 
Torres J, et al. Drug-resistant diarrheogenic Escherichia coli, Mexico. 
Emerg Infect Dis 2005;11:1306-8.

4. Sofos JN. Challenges to meat safety in the 21st century. Meat Sci 
2008;78:3-13.

5. Lee JH, Choi SJ. Isolation and characteristics of sorbitol-fermenting 
Escherichia coli O157 strains from cattle. Microbes Infect 2006;8:2021-6.

6. Dontorou C, Papadopoulou C, Filioussis G, Economou V, Apostolou I, 
Zakkas G, et al. Isolation of Escherichia coli O157:H7 from foods in 
Greece. Int J Food Microbiol 2003;82:273-9.

7. Getty KJ, Phebus RK, Marsden JL, Fung DY, Kastner CL. Escherichia 
coli O157:H7 and fermented sausages: A review1. J Rapid Methods 
Autom Microbiol 2000;8:141-70.

8. Jo MY, Kim JH, Lim JH, Kang MY, Koh HB, Park YH, et al. Prevalence 
and characteristics of Escherichia coli O157 from major food animals in 
Korea. Int J Food Microbiol 2004;95:41-9.

9. Bell C. Approach to the control of entero-haemorrhagic Escherichia coli 
(EHEC). Int J Food Microbiol 2002;78:197-216.

10. Fedio WM, Jinneman KC, Yoshitomi KJ, Zapata R, Wendakoon CN, 
Browning P, et al. Detection of E. coli O157:H7 in raw ground beef by 
Pathatrix™ immunomagnetic-separation, real-time PCR and cultural 
methods. Int J Food Microbiol 2011;148:87-92.

11. Mora A, León SL, Blanco M, Blanco JE, López C, Dahbi G, et al. Phage 
types, virulence genes and PFGE profiles of Shiga toxin-producing 
Escherichia coli O157:H7 isolated from raw beef, soft cheese and 
vegetables in Lima (Peru). Int J Food Microbiol 2007;114:204-10.

12. Pennington H. Escherichia coli O157. Lancet 2010;376:1428-35.
13. Chinen I, Epszteyn S, Melamed CL, Aguerre L, Martínez Espinosa E, 

Motter MM, et al. Shiga toxin-producing Escherichia coli O157 in beef 
and chicken burgers, and chicken carcasses in Buenos Aires, Argentina. 
Int J Food Microbiol 2009;132:167-71.

14. Bach S, McAllister T, Veira D, Gannon V, Holley R. Transmission 
and control of Escherichia coli O157:H7-A review. Can J Anim Sci 
2002;82:475-90.

15. Setterington EB, Alocilja EC. Rapid electrochemical detection of 
polyaniline-labeled Escherichia coli O157:H7. Biosens Bioelectron 
2011;26:2208-14.

16. Mao Y, Doyle MP, Chen J. Role of colanic acid exopolysaccharide in the 
survival of enterohaemorrhagic Escherichia coli O157:H7 in simulated 
gastrointestinal fluids. Lett Appl Microbiol 2006;42:642-7.

17. Leotta GA, Miliwebsky ES, Chinen I, Espinosa EM, Azzopardi K, 
Tennant SM, et al. Characterisation of Shiga toxin-producing Escherichia 
coli O157 strains isolated from humans in Argentina, Australia and New 
Zealand. BMC Microbiol 2008;8:46.

18. Díaz-Sánchez S, Sánchez S, Sánchez M, Herrera-León S, Hanning I, 
Vidal D. Detection and characterization of Shiga toxin-producing 
Escherichia coli in game meat and ready-to-eat meat products. Int J Food 
Microbiol 2012;160:179-82.

19. Pradel N, Livrelli V, De Champs C, Palcoux JB, Reynaud A, Scheutz F, 
et al. Prevalence and characterization of Shiga toxin-producing 
Escherichia coli isolated from cattle, food, and children during a one-year 
prospective study in France. J Clin Microbiol 2000;38:1023-31.

20. Rigobelo EC, de Ávila FA. Shiga toxin — Producing Escherichia coli 
from beef carcass. J Microbiol Res 2012;2:103-7.

21. Robinson AL, McKillip JL. Biology of Escherichia coli O157:H7 in 
human health and food safety with emphasis on sublethal injury and 
detection. In: A. Méndez-Vilas, editor. Current Research Technology and 
Education Topics in Applied Microbiology and Microbial Biotechnology, 
2st ed. Badajoz: Formatex Research Center; 2010. P. 1096-105. 

22. Schroeter C, Penner KP, Fox JA. Consumer perceptions of three food 
safety interventions related to meat processing. Dairy Food Environ Sanit 
2001;21:570.

[Downloaded free from http://www.ijehe.org on Thursday, February 2, 2023, IP: 5.238.148.21]



Miri, et al.: Isolation of Escherichia coli O157:H7/NM from hamburger

International Journal of Environmental Health Engineering  |  Vol. 3  •  Issue 1  |  January-February 201423

23. Momtaz H, Jamshidi A. Shiga toxin-producing Escherichia coli 
isolated from chicken meat in Iran: Serogroups, virulence factors, and 
antimicrobial resistance properties. Poult Sci 2013;92:1305-13.

24. Rahimi E, Khamesipour F, Yazdi F, Momtaz H. Isolation and 
characterization of enterohaemorragic Escherichia coli O157:H7 and 
EHEC O157:NM from raw bovine, camel, water buffalo, caprine and 
ovine milk in Iran. Kafkas Üniv Vet Fak Derg 2012;18:559-64.

25. Blanco J, Blanco M, Blanco JE, Mora A, González EA, Bernárdez MI, 
et al. Verotoxin-producing Escherichia coli in Spain: Prevalence, serotypes, 
and virulence genes of O157:H7 and non-O157 VTEC in ruminants, raw 
beef products, and humans. Exp Biol Med (Maywood) 2003;228:345-51.

26. Alonso S, Mora A, Blanco M, Blanco JE, Dahbi G, Ferreiro MT, et al. 
Fecal carriage of Escherichia coli O157:H7 and carcass contamination 
in cattle at slaughter in northern Italy. Int Microbiol 2007;10:109-16.

27. Rey J, Blanco JE, Blanco M, Mora A, Dahbi G, Alonso JM, et al. Serotypes, 
phage types and virulence genes of shiga-producing Escherichia coli 
isolated from sheep in Spain. Vet Microbiol 2003;94:47-56.

28. Bauer AW, Kirby WM, Sherris JC, Turck M. Antibiotic susceptibility testing 
by a standardized single disk method. Am J Clin Pathol 1966;45:493-6.

29. Lee GY, Jang HI, Hwang IG, Rhee MS. Prevalence and classification of 
pathogenic Escherichia coli isolated from fresh beef, poultry, and pork 
in Korea. Int J Food Microbiol 2009;134:196-200.

30. Rahimi E, Momtaz H, Hemmatzadeh F. The prevalence of Escherichia 
coli O157:H7, Listeria monocytogenes and Campylobacter spp. on 
bovine carcasses in Isfahan, Iran. Iran J Vet Res 2008;9:365-70.

31. Hosseini S, Ezzatpanah H, Aminlari M, Mazaheri AM. Investigating 
the contamination of E. coli O157:H7 in processed meat products 
produced in two factories at Shiraz and Tehran. J Food Technol Nutr 
2011;8:37-45.

32. Stampi S, Caprioli A, De Luca G, Quaglio P, Sacchetti R, Zanetti F. 
Detection of Escherichia coli O157 in bovine meat products in northern 
Italy. Int J Food Microbiol 2004;90:257-62.

33. Ferens WA, Hovde CJ. Escherichia coli O157:H7: Animal reservoir and 
sources of human infection. Foodborne Pathog Dis 2011;8:465-87.

34. Oliver SP, Murinda SE, Jayarao BM. Impact of antibiotic use in adult dairy 
cows on antimicrobial resistance of veterinary and human pathogens: A 
comprehensive review. Foodborne Pathog Dis 2011;8:337-55.

35. Wong CS, Jelacic S, Habeeb RL, Watkins SL, Tarr PI. The risk of the 
hemolytic-uremic syndrome after antibiotic treatment of Escherichia 
coli O157:H7 infections. N Engl J Med 2000;342:1930-6.

Source of Support: Isfahan University of Medical Sciences, Isfahan, 
Iran, Conflict of Interest: None declared.

[Downloaded free from http://www.ijehe.org on Thursday, February 2, 2023, IP: 5.238.148.21]


