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Abstract: 

 The study was undertaken to isolate diarrheagenic E. coli from raw meat 

,milk and cheese, detection of virulence gene using Polymerase chain 

reaction (PCR) and investigate their antibiotic sensitivity pattern.  

Altogether 300 samples consisting of (100) raw meat, (100) raw milk, 

(100) cheese, were collected from milk vendors, retail shops located 

around Thi-Qar, under aseptic precautions. For the enrichment of the 

organism from the collected samples, MacConkey broth was used and 

inoculation was carried out on MacConkey agar and EMB agar. Later on, 

to confirm the isolates, various biochemical tests such as IMVC test, 

Urease test, Epi20 E were performed. Evaluation of antibiotic sensitivity 

pattern of E. coli was assessed by disk diffusion method. Finally the E. 

coli isolates were screened for the presence of virulence associated genes 

by PCR . A total of (18.33%) of E. coli was observed in the samples 

comprising of (25%)meat ,(17%) milk, (13%) cheese. High Antibiotic 

sensitivity of 100% was recorded for imipeneme  , cephalothin, 

chloramphinicol  , and netilmicin while a percentage of 81.8% , 72.27%, 

87.27% and 56.36% were recorded for tetracycline, ciprofloxacin, 

gentamycin  ,  and naldixic acid respectively. On the other hand,  

Ampicillin  , cefotaxime  , and ceftriaxone  show different behavior 

where the bacteria resist the action of those antibiotic  by 45.4%, 67.27%, 

and 50.9%, respectively. In this study, out of 55 E. coli isolates, (12.7%) 

was positive for rfbO157 gene, which consists of  (16%) isolates for 

meat, (11.7%) isolates for milk and (7.6%) isolates for cheese. (32.72%) 

was positive for eaeA gene: which consists of (24%) isolates for meat, 

(29.41%) isolates for milk and (53.84%) isolates for cheese. (14.5%) was 

positive for bfpA gene : which consists of (8%) isolates for meat , 

(11.76%) isolates for milk and (30.76%) isolates for cheese. (12.72%) 

was positive for ial gene : which consists of (8%) for meat , (11.7%) for 



II 
 

milk and (23.07%) for cheese. (10.90%) was positive for CVD432 gene : 

which consists of (8%) for meat , (11.7%) for milk and (15.3%) for 

cheese. (16.36%) was positive for STLa gene : which consists of (12%) 

for meat , (17.6%) for milk and (23.07%) for cheese. 

In conclusion , the E. coli isolates show high frequency in meat samples 

compared with milk and cheese samples . Furthermore , the majority of  

tested E. coli  isolates were sensitive to the most antibiotic agents. 
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1.1 Introduction 

Statistics indicate that meat as a food group is the most important food group 

responsible for infections and food poisoning in western countries where meat 

consumption is high, and it can be said that 60-70 percent of total cases 

attributable to meat. The importance of this ratio is clear if we know it is in the 

United States, for example, statistics from the Centers for Disease Control 

(CDC) indicate that about 76-81 million people suffer from food borne diseases. 

And on a global level, WHO estimates that at least 10% of the world's 

population suffer from these diseases every year (Scotter et al., 2000 ; Peter et 

al., 2000). 

  Raw milk consumers have existed in various parts of the world. World   milk 

production reached 724 million tons in 2010 as per Food and Agriculture 

Organization, resulting in trade and massive consumption of various milk 

products (FAO; Food and Agriculture Organization, 2011). Raw milk is 

consumed directly by a large population in rural areas ,Milk is an excellent 

medium for the growth of  numerous microbes which produced  consequential 

spoilage of the milk and various milk products or infections in consumers 

(Oliver et al ., 2005). Because of the specific production, it is impossible to 

avoid contamination of milk with microorganisms ,therefore the microbial  

content of milk is a major feature in determining its quality (Torkar, K. G. and 

Teger S. G., 2008). The existence of food borne pathogens in raw milk may 

increases the threat of ingestion and transmission of food borne pathogens and 

ingestion of harmful toxins (Srinu  et al., 2012). 

 Huge numbers of microbes can get access to milk and various milk products 

including E. coli which is an indicator of fecal contamination constituting  a 

public health hazard. The most important causes of food borne diseases are 

Shiga toxin-producing E. coli (STEC) among the other seropathotypes of E. coli 
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( Kaufmann M et al.,2006) . STEC produce various complications including 

diarrhea, hemolytic uremic syndrome (HUS) and hemorrhagic colitis (HC) 

(Brett KN et al.,2003).  

The detection and enumeration of pathogens in food and on surfaces that come 

into contact with food are an important component of any integrated program to 

ensure the safety of foods throughout the food supply chain. Both government 

authorities and food companies use microbiological analysis to monitor the state 

of contamination at all times and analyze its trends so as to detect emerging 

risks. Microbiological analysis is also an essential tool for carrying out tests in 

accordance with the microbiological criteria established for each food type, as 

well as being essential for evaluating the actions of different management 

strategies based on the Hazard Analysis and Critical Control Points (HACCP) 

system (Stannard., 1997;  Jasson et al.,  2010  ) . The implementation of 

preventive systems such as the HACCP has greatly improved food safety, but it 

will not be fully effective until better methods of analysis are developed. These 

new detection methods are the necessary technologies that will substantially 

improve our food safety once integrated in the HACCP (Bhunia., 2008  ) .  

Microbiological analysis of foods is based on the detection of microorganisms 

by visual, biochemical, immunological, or genetic means, either before 

enrichment (quantitative or enumerative methods) or after enrichment 

(qualitative methods, also known as presence/absence tests) (Jantzen et al.,  

2006a) . traditional culture methods for detecting microorganisms in food are 

based on the incorporation of the food sample into a nutrient medium in which 

the microorganisms can multiply, thus providing visual confirmation of their 

growth. These conventional test methods are simple, easily adaptable, very 

practical, and generally inexpensive ( Feng et al.,  2007)  . Although not lacking 

in sensitivity, they can be laborious and depend on the growth of the 

microorganisms in different culture media (pre-enrichment, selective 
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enrichment, selective plating, identification), which may require several days 

before results are known ( Betts and Blackburn ., 2009) . Products that are 

minimally processed have an inherently short shelf life, which prevents the use 

of many of these conventional methods. Therefore, extensive research has been 

carried out over the years to reduce assay time through the use of alternative 

methods for detecting food borne microorganisms and reduce the amount of 

manual labor by automating methods whenever possible ( Jasson et al.,  2010  ). 

 Infectious diarrhea is one of the world's leading causes of morbidity and 

mortality, resulting in about two million deaths per year ( World health 

organization., 1995 ;  Alikhani et al., 2006) . Studies showed that 1 – 5 % of 

food-infections were related to the consumption of milk and dairy products, and 

53% of cases of food-borne infections caused by EPEC (De buyser ML et al., 

2001). 

Numerous studies performed in different countries have reported diarrheagenic 

Escherichia coli (DEC) pathotypes as being the most frequent and important 

among bacterial pathogens associated with AID in developing countries. 

However, the frequencies of these pathogens vary with geographic region and 

depend on the socioeconomic/sanitary conditions achieved (Black et al., 2010; 

O'Ryan et al., 2010). 

Diarrheagenic Escherichia coli has been reported to be responsible for 34% of 

diarrheal episodes in Bangladesh (ICDDR., B 2002). Escherichia coli is the 

predominant nonpathogenic facultative anaerobic member of the human 

intestinal micro flora. Some Escherichia coli strains, however have developed 

the ability to cause disease of the gastrointestinal, urinary and central nervous 

systems in the human host. Escherichia coli has been implicated as an agent of 

diarrheal disease since the 1920s (Nguyen et al., 2005).  

There are now at least six types of  diarrheagenic strains of Escherichia coli  on 
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the basis of distinct epidemiology and clinical feature, special virulence 

determinants and association with certain serotypes: Enterotoxogenic 

Escherichia coli (ETEC), Enteropathogenic Escherichia coli (EPEC), 

Enteroheamorragic Escherichia coli (EHEC), Enteroaggregative Escherichia 

coli  (EAEC), Enteroinvasive Escherichia coli (EIEC) and Diffusely adhering 

Escherichia coli (DAEC). Of these EPEC, ETEC, EIEC, EHEC and EAEC are 

clearly associated with different types of enteritis, while the another pathotype is 

candidate as potential pathogens but their association with diarrhea has not been 

clearly assessed and further studies are required to confirm their etiological role 

in diarrheal diseases (Rappelli et al., 2005). Due to lack of facilities 

diarrhaegenic Escherichia coli cannot be detected in the routine diagnostic 

microbiology laboratory in developing countries, which is important in 

understanding the disease spectrum, tracing the sources of infection and the 

burden of the disease. Such identification would also assist the clinician to 

dispense appropriate management (Nessa et al., 2007).Identification of 

diarrheagenic Escherichia coli cannot be done only by culture and biochemical 

tests, since they are indistinguishable from the non pathogenic Escherichia coli 

commonly found in human feces. Moreover, specific serotyping is not always 

correlated with pathogenicity. The discrimination of different diarrheagenic 

Escherichia coli strains requires DNA target based screening by molecular 

techniques (Rappelli et al., 2005). PCR, one of the molecular based detection 

methods, commonly used for rapid and reliable diagnosis, which has a high 

sensitivity and specificity. To detect different diarrheagenic Escherichia coli 

strains, it is necessary to run several individual PCRs with different primer pairs. 

In order to simplify diagnosis, various multiplex PCR methods have been 

developed for the simultaneous detection of several specific genes of different 

diarrheagenic Escherichia coli strains. This method showed high sensitivity and 
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high specificity for identification of human diarrheagenic Escherichia coli 

(Toma et al., 2003).  

1.2 Aim of the study 

The study aimed to : 

Detection of some virulence genes in diarrheagenic E. coli isolated from raw 

meat , and dairy milk through : 

1. Detection susceptibility of Escherichia coli to some antimicrobial agents . 

2. Detection the presence of ( eaeA, Stla, rfbO157, ial, CVD342, bfpA) genes 

in Diarrheagenic Escherichia coli.  



Chapter Two 

 

 

 

Literature  

Review 
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2.1 Literature Review  

2.1.1 Historical background 

  Food borne pathogens are the leading cause of illness, and death in developing 

countries, costing billions of dollars in medical care, and medical and social 

costs. Changes in eating habits, mass catering, complex and lengthy food supply 

procedures with increased international movement and poor hygiene practices 

are major contributing factors  ( Wei et al., 2006).  

 Contaminated raw meat is one of the main sources of food borne illnesses. The 

risk of the transmission of zoontic infections is also associated with 

contaminated meat. International food management agencies, especially the 

World Health Organization (WHO), the Food and Agriculture Organization and 

the International Hazard Analysis Critical Control Point (HACCP) Alliance 

have already provided guidelines to member countries about safe handling 

procedures such as HACCP and Good Manufacturing Practices (GMPs) (Nafisa 

et al., 2010). 

In the other hands milk is the complete food composed of higher solid contents 

such as lipids, proteins, milk sugar (lactose) and minerals. It is rich in vitamins 

A and B and is an important source of dietary Calcium and other minerals. Milk 

is much important food source for its chemical composition and nutritive 

properties. All types of milks are more or less similar in composition and 

nutritive properties irrespective of their source like cow, buffalo, goat and camel 

etc. The major constituents of milk are higher in buffalo milk than in cow, goat, 

camel and human milks (Sheehan, W.J. and Phipatanakul, W. 2009).  

The milk is the ideal growth medium for several types of microorganisms 

(Haridy, M.S.A.,. 1992 ), The bacteriological quality of milk is the important 
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factor to be considered for the consumption of milk and other dairy products 

(Ahmad et al., 2008). 

 The raw milk is usually colonized by pathogens like Campylobacter jejuni, 

enterohemorrhagic E. coli . The pathogens may enter the good quality milk 

when they are mixed with mastitis milk from the live stock. The pathogen E. 

coli is a common inhabitant of intestines of animals and gain access to the milk 

and the diary products. Pathogen enters the milk through the mastitis infection 

of the cattle (Roca-Fernández, A.I. 2011). 

The family Enterobacteriaceae comprises a large group of gram-negative non-

spore-forming bacteria typically 1-5 μm in length. They are facultative 

anaerobes and with the exception of Saccharobacter fermentans and some 

strains of Yersinia and Erwinia, they share the ability to reduce nitrate to nitrite 

(Joosten et al., 2008).  

These bacteria are generally motile by peritrichous flagella except for Shigella 

and Tatumella and some other non-motile members of this family. A common 

feature of the Enterobacteriaceae, which helps to differentiate them from other 

closely related bacteria, is the lack of cytochrome C oxidase, although there are 

exceptions such as Plesiomonas spp (Gurtler et al., 2005; Lehner and Stephan, 

2004; Friedemann, 2007). 

 Enterobacteriaceae are catalase positive with the exception of Shigella 

dysenteriae 1 and Xenorhabdus species. Enterobacteriaceae ferment a variety of 

carbohydrates, but their ability to produce acid and gas from the fermentation of 

D-glucose is one characteristic that remains an important diagnostic property 

and is commonly used as a basis for their detection and enumeration (Anon.,  

2001 a &b), The name Enterobacteriaceae was first proposed by Rahn (1937). 
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 The type genus is Escherichia. Enterobacteriaceae comprise a large group of 

genetically and biochemically related bacteria. Phylogenetic studies place them 

in the phylum Proteobacteria, Class Gammaproteobacteria and Order 

Enterobacteriales (Brenner et al., 2005). 

 Until the early 1960s bacterial classification was largely based on phenotypic 

characteristics and culture-based observations. The introduction of genetic 

methods, such as DNA-DNA hybridization and guanine plus cytosine (G+C) 

determination revolutionized bacterial taxonomy and classification. More 

recently analysis of 16S rRNA gene sequences has been used to elucidate further 

the genetic relationships between members of the Enterobacteriaceae and their 

similarity to other closely related bacteria. Consequently, there have been recent 

changes to the classification of members of this family. Indeed, the number of 

genera and species of Enterobacteriaceae increased from 12 genera and 36 

species in 1974 to at least 34 genera, 149 species and 21 subspecies in 2006 

(Baylis., 2006). 

Enterobacteriaceae can cause food spoilage in a broad range of food products, 

namely milk, dairy products, meats, poultry, fish, sea foods, fruit, vegetables and 

other foods. The growth and metabolic activity of Enterobacteriaceae in food 

can result in off-flavors, odors, color defects and other organoleptic deviations. 

These changes may arise from enzymatic breakdown of proteins or lipids, 

production of volatile components and gas production (Cousin, 1982; Jay, 

2000). 

In milk and other dairy products, some strains of Enterobacteriaceae can impart 

bitterness by producing enzymes that break down casein. The thermo-stability of 

some lipases and proteinases suggests that high temperature-short time (HTST) 

and ultra-heat (UHT) treatments will not inactivate these enzymes. Besides 
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flavor defects, some Enterobacteriaceae, can produce a reddish pigment, whilst 

other bacteria may cause other color defects (ICMSF., 1998). 

 During the early ripening stage of fresh cheese production Enterobacteriaceae 

can also cause a spoilage termed “early blowing” which can result in holes 

within the product, or blown packs, caused by the production of gas from the 

fermentation of lactose (ICMSF., 1998). 

Escherichia coli are genetically heterogeneous group of bacteria whose 

members are typically non pathogens that are a part of the normal microflora of 

the intestinal tract of humans and animals. However, certain subsets of this 

bacterial species have acquired genes that enable them to cause intestinal or 

extra intestinal disease (Bacon et al., 2000; Abdella et al., 2009). 

 Escherichia. coli that cause enteric disease have been divided into pathotypes, 

based on their virulence factors and mechanisms by which they cause disease. 

One of these pathotypes, called Shiga toxin-producing E. coli (STEC), refers to 

those strains of E. coli that produce at least 1 member of a class of potent 

cytotoxins called Shiga toxin. The STEC are also called verotoxin producing E. 

coli (Gill et al., 1996 ; Gyles, 2007).  

Sporadic cases and outbreaks of human diseases caused by STEC have been 

linked to ground beef, raw milk, meat and dairy products, vegetables, 

unpasteurized fruit juices and water. Infections can also be acquired by direct 

contact with animals and by person to person spread. The organism is destroyed 

in pasteurization process, but insufficient heat treatment of ground meat and raw 

milk forms a potential infection risk (Rahimi et al., 2012). 

Escherichia coli were first described in 1885 by Theodor Escherich. Escherich, 

a Bavarian paediatrician, had performed studies on the intestinal flora of infants 

and had discovered a normal microbial inhabitant in healthy individuals, which 
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he named Bacterium coli commune. In 1919, the bacterium was renamed in his 

honour to Escherichia coli (Kaper., 2005).   

Escherichia coli are ubiquitous intestinal bacterial flora of animals and humans. 

Although comprising a small proportion of the total fecal flora they are the 

predominant facultative anaerobe in the human colon and presumably exist there 

symbiotically (Wei et al., 2006). Infants and post parturient animals are normally 

colonized shortly after parturition, acquiring their mothers’ intestinal flora. 

Pathogenic strains or clones of E. coli exist or have developed with the ability to 

cause a wide variety of diseases in humans (Battisti et al., 2006). During the past 

twenty years, a clonal group of E. coli has emerged or been recognized that 

possess a unique disease causing virulence factor armament, asymptomatically 

colonize food producing ruminants, and are capable of causing significant 

morbidity and mortality in humans (Johnsen et al.,2001).   

2.1.2 Classification 

 Escherichia coli is a gram negative, facultative anaerobic, non spore forming 

rod, which belongs to the Enterbacteriaceae family (Law, 2000).E. coli is a 

Gram negative bacterium in the Phylum Proteobacteria, class Gamma 

proteobacteria, order Enterobacteriales, family Enterobacteriaceae and genus 

Escherichia. In the family Enterobacteriaceae most important genera are E. 

coli, Shigella, Salmonella, Yersinia which have some common characteristic 

such as Gram negative rods, non spore forming facultative anaerobic, ferment 

glucose, simple growth requirements, most are motile with peritrichous flagella 

and many produce fimbriae (pili), capsules, or both. E. coli are one of coliform 

organisms (Quinn et al., 2002).   

 Differences between strains of E. coli lie in the combination of different 

antigens they possess. There are three types of antigens: the somatic  
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lipopolysaccharide antigen (O), the flagellar antigens (H), and the capsular 

antigens (K) (Quinn et al., 2002).There are approximately 174 O antigens, 56 H 

antigens, and 103 antigens that have been identified. There are several stains of 

E. coli that have been isolated. The enteric E. coli are divided on the basis of 

virulence properties into Enterotoxigenic (ETEC), Enteropathogenic (EPEC), 

Enteroinvasive (EIEC), Verotoxigenic (VTEC), Enterohemorrhagic (EHEC) and 

Enteroaggregative (EaggEC) (Frenzen et al., 2005). 

2.1.3 Clinical groupings of human E. coli strains 

E. coli strains of significance to humans can be classified according to genetic 

and clinical criteria into three groups: commensal strains, pathogenic intestinal 

(enteric or diarrheagenic) strains, and pathogenic extraintestinal strains (Russo et 

al., 2000). Using the E. coli reference strains of ( Ochman et al., 1984; Goullet 

et al., 1989) found that the reference strains formed six phylogenetic groups 

based on the electrophoretic polymorphism of esterases and other enzymes, 

These groups were designated A, BI, B2, C, D, and E. The majority of the 

normal facultative fecal bacterial strains found in healthy humans, mammals, 

and birds are commensal E. coli strains. The commensal strains are generally 

benign, do not cause intestinal tract disease, and can be beneficial to the host 

(Neill et al., 1994; Russo et al., 2003). However, commensal strains may cause 

illness if the host is compromised immunologically or medically (Picard et al., 

1999; Russo et al., 2003). Generally, human commensal E. coli strains derive 

from phylogenetic groups A and BI and typically lack the specialized virulence 

determinants found in pathogenic strains that cause intestinal or extraintestinal 

diseases (Picard et al., 1999; Russo et al.,2000) 

 Intestinal pathogenic strains of E. coli are seldom found in the fecal flora of 

healthy individuals and are rarely a cause of extraintestinal disease. These 

obligate pathogens induce colitis or gastroenteritis if contaminated food or water 
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is ingested (Guerrant et al., 1995; Russo et al.,2000)  

The diarrhea-inducing strains include the enterotoxigenic, enterohemorrhagic, 

enteroinvasive, enteropathogenic, enteroaggregative, diffusely adherent, and 

cell-detaching E. coli pathotypes (Fratamico et al., 2006; Guerrant et al., 1995; 

Nataro et al ., 1998).  

2.1.4 Biochemistry of E. coli  

 E. coli is the type species of the genus Escherichia, which contains mostly 

motile gram-negative bacilli within the family Enterobacteriaceae and the tribe 

Escherichia (Bettelheim, K. A. 1994; Edwards et al., 1972).  

E. coli can be recovered easily on general or selective media at 37°C under 

aerobic conditions. E. coli are most often recovered on MacConkey or eosin 

methylene-blue agar, which selectively grow members of the 

Enterobacteriaceae and permit differentiation of enteric organisms on the basis 

of morphology (Balows et al., 1991). Enterobacteriaceae are usually identified 

via biochemical reactions. These tests can be performed in individual culture 

tubes or by using test “strips” which are commercially available. Either method 

produces satisfactory results. For epidemiologic or clinical purposes, E. coli 

strains are often selected from agar plates after presumptive visual identification. 

However, this method should be used only with caution, because only about 

90% of E. coli strains are lactose positive; some diarrheagenic E. coli strains, 

including many of the EIEC strains, are typically lactose negative. The indole 

test, positive in 99% of E. coli strains, is the single best test for differentiation 

from other members of the Enterobacteriaceae (Banatvala et al., 1996).  
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2.1.5 Diarrheagenic Escherichia coli   

 The pathogenic E. coli species comprise a very versatile group with numerous 

virulence determinants (virulence factors) including adhesions, invasions, toxins 

and secretion systems that allow them to act as causative agents in both human 

and veterinary medicine (Kaper et al., 2004; Nataro & Kaper., 1998). In human, 

these pathogens are responsible for three main types of clinical infections: (i) 

enteric or diarrheal diseases, (ii) urinary tract infections, and (iii) 

meningitis/septicemia. Based on their distinct virulence properties and clinical 

symptoms of the host, pathogenic E. coli strains are divided into numerous 

categories or pathotypes: Diarrheagenic Escherichia coli (DEC); Uropathogenic 

Escherichia coli (UPEC); Neonatal meningitis/sepsis associated Escherichia 

coli (NMEC) (Dawson et al., 1999; Kaper et al., 2004). 

Diarrheagenic Escherichia coli (DEC) belong to one of the most frequent, 

interesting and widespread versatile pathogenic groups of bacteria that cause 

severe disease in human (Campos et al., 2004; Nataro & Karper., 1998). 

 DEC has been divided into six well characterized subgroups or classes 

[enterotoxigenic E. coli (ETEC), enteropathogenic E. coli (EPEC), 

verocytotoxin producing E. coli (VTEC) or enterohemorrhagic E. coli (EHEC), 

enteroaggregative E. coli (EAEC), enteroinvasive E. coli (EIEC), diffusely 

adherent E. coli (DAEC)] based on clinical manifestations, phenotypic traits, 

specific virulence properties, and pathogenesis (Kaper et al., 2004; Nataro & 

Karper., 1998).   

2.1.5.1 Enterotoxigenic E. coli (ETEC)  

 Enterotoxigenic E. coli  is one of the most studied pathotypes of DEC. Most 

studies have demonstrated the association of ETEC with diarrhea among infants 

less than five years of age (Aguero et al., 1985; Shaheen et al. 2004). Most of 

the illness, both in terms of number of cases and severity of symptoms, occur in 
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infants after weaning. Moreover, epidemiological studies have implicated 

contaminated food and water as the most common vehicles of ETEC infection. 

Thus, sampling of both food and water sources from endemic areas have 

demonstrated the spread of ETEC bacteria in the community (Black et al., 

1982).  

 A high infectious dose (ranging 106 to 1010 CFU) of ETEC has been 

demonstrated in human (Levine et al., 1979;Nataro & Karper., 1998), and a 

large number of serogroups of ETEC have been associated with diarrhea 

(Stenutz et al.,  2006). 

 ETEC strains cause cholera-like watery diarrhea through the elaboration and 

action of LT (heat-labile) and/or ST (heat-stable) enterotoxins. The ability of 

ETEC strains to produce diarrheal illness by either or both of theses enterotoxins 

is what defines an ETEC (Nataro &Karper., 1998). 

However, to cause diarrhea, by LT and/or ST, the ETEC must adhere and 

colonize the intestinal mucosa. This is achieved by attaching with one or more 

colonization factor antigens (CFAs), which are antigenically diverse and usually 

are encoded by plasmids (Nataro &Karper 1998; Smith et al.,1983). 

 LTs of ETEC are oligomeric toxins that are functionally and structurally related 

to the cholera toxin (CT) expressed by Vibrio cholerae, serogroups O1 and 

O139 (Sixma et al., 1993). There are two types of LTs, LT-I and LT-II that are 

commonly found in human and animal isolates. However, the term LT refers to 

LT-I, which is associated with disease in both human and animals, while LT-II 

is expressed only in animals, but it is rarely associated to disease (Nataro & 

Karper., 1998; Smith et al., 1983). LT-I is constituted by ~80% amino acid 

identity with CT that consists of a single A subunit and five identical B subunits. 

The A subunit is responsible for the enzymatic activity, and the B subunits are 

responsible for the toxin binding to the cell surface ganglioside. After   
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endocytosis the A subunit stimulates a series of intracellular processes leading to 

increased level of cyclic adenosine monophosphate (cAMP), resulting in an 

increased phosphorylation of chloride channels, and hence a reduced absorption 

of NaCl. This increased extracellular ions content results in osmotic diarrhea. 

Besides, there is an increased secretion of ions in the villi crypts (Nataro & 

Karper., 1998). 

 STs are small peptides including two unrelated classes, STa and STb, which 

differ in structure and mechanism of action. Genes for both classes  estA and 

estB  have been found either on plasmids or on transposons. Only toxin of the 

STa class has been associated with human and animal diseases. It has been 

established that the STa receptor is located on the apical surface of enterocytes 

and that binding to the receptors leads to increased intracellular cyclic guanidine 

monophosphate (cGMP) levels, which affects the electrolytic balance in a 

similar manner as LT (Kaper et al.,2004;Nataro&Karper.,1998).  

 In contrast, STb is primarily associated with diarrhea in piglets; however, some 

human ETEC isolates expressing STb have been reported (Nataro & 

Karper.,1998;Schulzetal.,1990).  

 STb can elevate cytosolic Ca+2 concentrations, stimulating both the release of 

prostaglandin E2 and serotonin, which lead to increased ion secretion (Kaper et 

al., 2004; Nataro et al., 1998). 

 The clinical features of ETEC diarrhea are constant with the pathogenic 

mechanisms of its enterotoxins, and characterized by watery diarrhea without 

blood, mucus or pus, fever and vomiting (DuPont ., 2009). 

 The illness is typically abrupt, but can vary from mild, brief, and self-limiting to 

a severe disease similar to in Vibrio  cholerae infection (Levine et al.,1977) 
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 Several studies have showed that the percentage of ETEC infection varies from 

10 to 30% and the clinical presentation, as with the other DEC varies among 

different geographical areas (Mangia et al., 1993).  

2.1.5.2 Enteropathogenic E.coli (EPEC) 

 EPEC was the first pathotype of DEC described, and associated to the infant 

diarrheal diseases worldwide (Nataro & Karper., 1998).  

The characteristic intestinal histopathology attaching and effacing (A/E) lesions 

- of EPEC are associated to striking cytoskeletal changes in the epithelial cell. 

This ability to induce-attaching and effacing lesions is encoded by genes for the 

adherence factor intimin (eae), a type II secretion system (TTSS) that includes 

the esc genes and the translocated intimin receptor (Tir) (Nataro & Karper 

1998). 

 These genes are located on a 35-Kb (kilobase) pathogenicity island (PAI), 

called the locus of enterocyte  effacement (LEE), which is present in all EPEC 

and EHEC (McDaniel et al., 1995). 

 The A/E mechanism induce microvilli destruction, intimate adherence of 

bacteria to the intestinal epithelium, pedestal formation, and aggregation of 

polarized actin and other  elements of the cytoskeleton at the site of bacterial 

attachment (McDaniel et al., 1995; Nataro & Karper., 1998). 

 In addition, an EPEC virulence factor outside the LEE has also been described  

(Trabulsi et al., 2002), which is located on a plasmid encoding a type pilus 

called bundle forming pilus (bfp). Besides, on another plasmid there is a plasmid 

encoded regulator gene (per) which regulates several chromosomal and plasmid 

genes necessary for the pathogenesis of A/E lesions (Levine et al., 1985). 

 Beside the virulence factors described above, there are other potential virulence 

factors such as EAST1 (enteroaggregative E. coli heat-stable enterotoxin1),  
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originally indentified in Enteroaggregative E. coli strains, but its significance in 

pathogenesis is uncertain (Nataro &Karper., 1998). Based on these properties, 

two variants of EPEC  typical and atypical EPEC  have been reported (Hien et 

al., 2007) and their prevalence seems to be different between developing and 

developed countries. The typical EPEC is a cause of diarrhea in developing 

countries, while atypical EPEC seems to be associated with diarrhea in 

developed countries ( Afset et al.,2003). 

 The most special feature of the epidemiology of disease due to EPEC infection 

is the remarkable age distribution. EPEC infection is primarily a disease of 

infants younger than 2 years of age. EPEC infection, as with other DEC 

pathotypes, takes place via the fecal-oral route with contaminated food and 

water. The infectious dose among infants is not known, but is presumed to be 

much lower than 108 CFU/microorganism (Nataro.& Kaper.,1998). 

 The clinical features of EPEC infection are characterized by watery diarrhea, 

vomiting and low-grade of fever. As compared to the developed countries, 

EPEC infection plays a more important role in developing countries, where it 

has been found as one of the foremost causes of diarrhea(Cravioto et al.,1988). 

EPEC may also cause diarrhea under other circumstances, such as nosocomial 

outbreaks.  

2.1.5.3 Enteroaggregative E. coli (EAEC) 

 EAEC was first described in 1985, recognized by its distinctive adherence to 

HEp-2 cells in an aggregative, stacked brick-like pattern (Nataro et al., 

1998;Pereira et al.,2008). This adherence pattern, distinguishable from the 

adherence patterns manifested by EPEC and DAEC, was first significantly 

associated with diarrhea among Chilean children in 1987 (Nataro.et.al.,1987). 

EAEC is defined as an E. coli pathotype that does not secrete heat-labile or heat- 
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Stable enterotoxins but adheres to HEp-2 cells and other epithelial cells in an 

aggregative adherence (A/A) pattern, the genes for which are encoded on 

plasmids (Nataro et al., 1998). 

 Many epidemiological studies have used the A/A pattern and the plasmid-

encoded probe CVD432 or simply the A/A probe to identify EAEC (Baudry et 

al., 1990). Moreover, a transcription activator known as AggR, the gene which 

regulates the A/A genes has been described as the major EAEC virulence 

regulator (Nataro., 2005). 

  Recently, some epidemiological studies have suggested that CVD342-positive 

strains, which are predicted to carry the AggR regulators, are the true EAEC 

pathogens termed typical EAEC (Harrington et al., 2006). However, A/A probe 

negative isolates share virulence factors with A/A probe positive isolates, a 

finding which indicates that additional factors are involved in the A/A 

phenotype in these EAEC strains (Bouzari et al., 2001) .  

The pathogenesis of EAEC is complex as the strains are relatively 

heterogeneous. However three major features of the EAEC infections have been 

suggested as basic strategy of EAEC: 

 (i) abundant adherence to the intestinal mucosa (colonization), (ii) elaboration 

and secretion of enterotoxins and cytotoxins, and (iii) induction of mucosal 

inflammation (Harrington et al., 2006;  Nataro et al., 1998). Furthermore, 

several studies have reported the presence of fecal lactoferrin and pro-

inflammatory cytokines, notably interleukin (IL)-8 (Greenberg et al., 2002), as 

well as the presence of a putative virulence factors, such as yersinia-bactin lectin 

(Basu et al., 2004), in patients infected with EAEC. Since its discovery, an 

increasing number of studies have associated EAEC with diarrhea in a variety of 

settings. These include endemic diarrhea of infants in both industrialized and 

developing countries (Elias et al., 1999), persistent diarrhea among acquired  
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immunodeficiency syndrome patients and travelers diarrhea (Jenkins et 

al.,2006).  

The implication of EAEC in diarrheal outbreaks confirmed the fact that at least 

some strains exhibiting the A/A phenotype were true human pathogens, yet not 

in all studies were EAEC associated with diarrheal illness (Nataro et al., 1995). 

  Pathogenesis studies of EAEC experienced a step-forward in 1994, when the 

first EAEC volunteer study was published (Nataro et al., 1995). Although not all 

EAEC strains have been associated to diarrheal disease, the most commonly 

reported symptoms associated with EAEC infection are watery diarrhea with or 

without blood and mucus, abdominal pain, nausea, vomiting, and low-grade 

fever (Adachi et al., 2002). Besides, EAEC can cause both an acute and a 

chronic (>14 days) diarrheal illness in different parts of the world. A growing 

number of studies from both developing and developed countries have supported 

the association of EAEC with persistent diarrhea in young children and adults 

(Araujo et al., 2007). 

It has also been reported that EAEC may be a leading cause of outbreaks of 

acute diarrheal disease affecting newborns and children (Cohen et al., 2005).  

EAEC have been reported as the second most common bacterial pathogen 

isolated in US adult travelers to developing countries and deployed US military 

personnel (Adachi et al., 2002). 

 In another study on adult US travelers to Mexico that evaluated the serologic 

response to the  EAEC anti-aggregative protein dispersin, 48% of the travelers 

developed increases in antibody levels over time; the majority of patients, 

though, remained asymptomatic (Huang et al., 2008). These findings may 

possibly suggest that EAEC infection shows a variety of  clinical presentations 

and support the idea of a great heterogeneity of EAEC as a virulent pathogen 

(Nataro et al., 1995).  
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2.1.5.4 Enterohemorrhagic E. coli (EHEC)  

 EHEC is an etiological agent of diarrhea with life-threatening complications. 

EHEC belongs to a group of E. coli called VTEC (verotoxigenic E. coli or 

Verocytotoxin-producing E. coli) or STEC (Shiga toxin-producing E. coli), 

formerly SLTEC (Shiga-like toxinproducing E. coli). EHEC colonize the 

intestinal mucosa inducing a characteristic attaching and effacing (A/E) lesion, 

which is also present in EPEC and EAEC. The classic intestinal histopathology 

characteristic of EHEC infection includes hemorrhage and edema in the lamina 

propria, which results in bloody diarrhea, hemorrhagic colitis, necrosis and 

intestinal perforation. The major virulence factor, and a defining characteristic 

of EHEC, is the Shiga toxin (Stx), a potent cytotoxin that leads to cell death and 

will aggravate the symptoms in patients infected (Nataro.&Kaper.,1998).  

Most studies have reported EHEC strains as important pathogens causing 

diarrhea, with association to Hemorrhagic Colitis (HC) and Hemorrhagic 

Uremic Syndrome (HUS), which are due to the interaction of Shiga toxin (Stx) 

with endothelial cells (Brown et al.,1989). 

 The term enterohemorrhagic E. coli (EHEC) was originally created to denote 

strains that cause HC and HUS, express Stx, cause A/E lesions on epithelial 

cells, and possess a   plasmid (Levine., 1987). Thus, EHEC denotes a subset of 

STEC and includes a clinical connotation that is not implied with STEC. 

Whereas not all STEC strains are believed to be pathogens, all EHEC strains by 

the above definition are considered pathogens  (Levine., 1987).  

 The Stx family contains two major, immunologically non-cross-reactive, groups 

called Stx1 and Stx2. A single EHEC strain may express Stx1 only, Stx2 only, 

or both toxins or even multiple forms of Stx2. Stx1 from EHEC is identical to 

Shiga toxin from Shigella dysenteriae type I (Kaper et al., 2004). 
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 EHEC is an emerging pathogen that has stimulated worldwide interest in 

several large food borne outbreaks. A wide variety of sources have been 

implicated in the EHEC transmission, including beef, unpasteurized milk, fruit 

juice, and contaminated drinking water (Kaper et al.,2004).  

 EHEC belongs to different serotypes or serogroups, which are useful for 

diagnostic and epidemiological studies. The most notorious serogroups 

associated with EHEC is O157:H7, which has caused several large outbreaks of 

the disease, mainly in North America, Europe, and Japan (Ezawa et al., 2004).  

2.1.5.5 Enteroinvasive E. coli (EIEC)  

 Like most enteropathogens, these bacteria may also be important pathogens in 

developing countries where sanitation and hygiene levels have deteriorated. 

EIEC strains are biochemically, genetically, and pathogenically closely related 

to Shigella spp., but produce less severe diarrheal disease, compared to the 

dysentery caused by Shigella dysenteriae type 1 (Nataro & Karper.,  1998). 

 The precise pathogenetic scheme of EIEC has yet to be elucidated. However, 

pathogenesis studies of EIEC suggest that its pathogenic features are virtually 

those of Shigella spp. (Sansonetti., 1992). EIEC invades the colonic epithelial 

cell, thereby inducing an inflammation and mucosal ulceration, leading to the 

release of blood and mucus in the stool (Hart et al., 1993), similar to bacillary 

dysentery. Although EIEC is the prototype of invasive bacteria, that are unable 

to penetrate enterocytes via their luminal aspect. Instead, it passes through the M 

cells, which are antigen-sampling cells that are a major constituent of the 

specialized epithelium overlying the lymphoid follicles in the small and large 

intestine(Sansonetti.,1992).  

 The ability of EIEC to penetrate, survive, and multiply within the colonic 

enterocytes is part of rearrangements of the cell cytoskeleton, leading to 

disturbance and engulfment of the bacterium within a vacuole, a process which  
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is encoded by a cluster of genes carried on a large plasmid . Afterwards, bacteria 

move through the cytoplasm and extent into adjacent epithelial cells without 

being exposed to the external surroundings. Infection results in a shigellosis-like 

syndrome in which patients exhibit abdominal pain, nausea, vomiting, fatigue, 

mucus, and bloody stools, but many cases show signs of watery diarrhea that is 

indistinguishable from that due to infection by other E. coli pathotypes (Nataro 

& Karper., 1998).  

2.1.5.6 Diffusely adherent E. coli (DAEC)  

 DAEC is a category of DEC that produces the diffuse adherence on Hep-2 cells    

(Nataro et al.,  1998) similar to those EAEC strains. However, little is known 

about the pathogenesis of DAEC, but cells with a surface with fimbriae that 

mediate diffuse adherence have been cloned and characterized(Kaper et al., 

2004). 

 Few epidemiological and clinical studies have been carried out to adequately 

describe the epidemiology and clinical aspect of diarrhea caused by DAEC. It 

was suggested that DAEC may cause disease in immunologically nave or 

malnourished infants. Furthermore, DAEC has been associated to diarrhea in 

infants older than 1 year of age (Scaletsky et al.,2002). 

2.1.6 Reservoirs 

 Reservoirs of most diarrheagenic E. coli strains are humans, animals and 

contaminated food or water (Cole.,2006). 

2.1.7 Transmission 

 Transmission of most diarrheagenic E. coli strains occurs from consumption of 

food or water contaminated with human or animal feces (Kaper et al., 2004; 

Kassenborg et al.,  2004). For some pathotypes, fewer than1000 colony forming  
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units can cause disease; therefore, person-to person transmission from infected 

symptomatic people or asymptomatic carriers can be an important mechanism 

for secondary spread (Belongia., 1993; Russo.,  2006).  

2.1.7.1 EHEC 

 Major modes of transmission include consumption of  contaminated foods 

(especially undercooked ground beef), exposure to contaminate recreational or 

drinking water, or contact with farm and petting zoo animals (Kassenborg., 

2004). Person-to-person transmission most often occurs in schools, long-term 

care institutions, families, and day-care centers (Belongia ., 1993; Bopp.,  2003).  

2.1.7.2 EPEC 

 The major mode of transmission is person-to-person contact. Although 

outbreaks among infants in industrialized countries have largely disappeared, 

atypical EPEC have caused large outbreaks of diarrheal disease among children 

and adults in industrialized countries (Nguyen ., 2006).  

Nosocomial outbreaks have been reported and have been associated with 

person-to-person transmission as well as transmission via fomites and 

contaminated formula or weaning foods (Nataro.,  1998).  

2.1.7.3 ETEC 

 Transmission is primarily via consumption of fecally contaminated food or 

water (Qadri.,  2005).  

2.1.7.4 EIEC 

 Several food-borne outbreaks have been identified (Gordillo., 1992). Person-to-

person spread also can occur.  
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2.1.7.5 EAEC 

 Several nosocomial outbreaks have been identified but the mechanisms of 

transmission were not clear. Food-borne transmission has been suggested 

(Nataro., 1998).  

2.1.7.6 DAEC 

 Modes of transmission have not been clarified. Risk factors for infection 

include: i. Consumption of contaminated food, especially undercooked ground 

beef  . ii. Drinking or swimming in contaminated water  (Kassenborg.,2004). 

2.1.8 Laboratory Diagnosis 

 Diarrheagenic E. coli is diagnosed by serotyping from stool samples, enzyme 

immunoassay, or by other molecular methods (Lopez-Saucedo., 2003). 

2.1.9 Diagnostic Tests 

 These pathotypes are identified by detection of their respective virulence-

associated factors (toxins, adherence, or invasiveness). Techniques for testing 

include bioassays (ex, cell culture), immunologic assays (ex, immunoblotting or 

EIA), and DNA assays (ex, PCR, colony blots). Methods for identification of 

ETEC, EPEC, EIEC, DAEC, EHEC and EAEC generally are available only in 

reference laboratories or research settings. Diagnosis of diarrheagenic E coli is 

difficult for most clinical laboratories, because of the difficulty in differentiating 

illness-causing organisms from the usual E. coli strains present in stool 

(Voetsch., 2004).  

2.1.9.1 Detection of ETEC 

 Detection of ETEC has long relied on detection of the enterotoxins LT and/or 

ST. ST was initially detected in a rabbit ligated ileal loop assay (Evans et al., 
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1973), but the expense and lack of standardization caused this test to be replaced 

by the suckling-mouse assay (Gianella ., 1976), which became the standard test 

for the presence of STa for many years. The suckling mouse assay entails the 

measurement of intestinal fluid in infant mice after percutaneous injection of 

culture supernatants. 

 Several immunoassays have been developed for detection of ST, including a 

radioimmunoassay and an enzyme-linked immunosorbent assay (ELISA). Both 

of these tests correlate well with results of the suckling-mouse assay and require 

substantially less expertise (Cryan., 1990). 

 The traditional bioassay for detection of LT involves the use of cell culture, 

either the Y1 adrenal cell assay or the Chinese hamster ovary (CHO) cell assay. 

In the Y1 assay, ETEC culture supernatants are added to Y1 cells and the cells 

are examined for rounding. In the CHO cell assay, LT will cause elongation of 

the CHO cells (Donta et al., 1974).  Immunologic assays are easier to implement 

in clinical laboratories and include the traditional Biken test as well as newer 

immunologic methods such as ELISA, latex agglutination and two commercially 

available tests, the reversed passive latex agglutination test and the 

staphylococcal coagglutination test. Both of the commercially available tests are 

reliable and easy to perform (Honda et al.,  1981). 

 ETEC strains were among the first pathogenic microorganisms for which 

molecular diagnostic techniques were developed. As early as 1982, DNA probes 

were found to be useful in the detection of LT- and ST-encoding genes in stool 

and environmental samples. Since that time, several advances in ETEC detection 

have been made, but genetic techniques  continue to attract the most attention 

and use. It should be stressed that there is no perfect test .for ETEC: detection of 

colonization factors is impractical because of their great number and 

heterogeneity; detection of LT and ST defines an ETEC isolate, yet many such 
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isolates will express colonization factors specific for animals and thus lack 

human pathogenicity (Moseley et al., 1981). 

 Several PCR assays for ETEC are quite sensitive and specific when used 

directly on clinical samples or on isolated bacterial colonies. A useful adaptation 

of PCR is the multiplex PCR .assay, in which several PCR primers are 

combined with the aim of detecting one of several different diarrheagenic E. coli 

pathotypes in a single reaction. After multiplex PCR, various reaction products 

can usually be differentiated by product size, but a second detection step (e.g., 

non-isotopic probe hybridization) is generally performed to identify the 

respective PCR products definitively (Lang et al ., 1995). 

2.1.9.2 Detection of EPEC  

 There are two approaches to the detection of EPEC in the laboratory: 

phenotypic and genotypic. The phenotypic approach requires the use of cell 

cultures and fluorescence microscopy, and the genotypic method requires the 

use of DNA hybridization or PCR. 

2.1.9.2.1 Phenotypic tests 

 The A/E (attaching and effacing) phenotype can be identified by using cultured 

HEp-2 or HeLa cells and the mushroom toxin phalloidin conjugated to 

rhodamine (available from Sigma, Molecular Probes,) as described by( Knutton 

et al., 2002). 

 The A/E phenotype can also be identified by electron microscopic examination 

of intestinal biopsy specimens or of cultured epithelial cells incubated with 

EPEC.  There are a number of phenotypic tests to determine the other crucial 

characteristic of EPEC, the lack of Stx expression. An excellent phenotypic 

marker for the presence of the EAF (EPEC adhesive factor) plasmid is localized 

adherence on HEp-2 or HeLa cells. An ELISA for the detection of EAF-positive  
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EPEC, based on an antiserum raised against an EAF plasmid containing strain 

and absorbed against a plasmid-cured strain (Albert et al., 1991).  

There are no readily available immunoassays to detect the A/E pattern.  

2.1.9.2.2 Genotypic tests 

 DNA probes and PCR primers have been developed and evaluated for the three 

major characteristics of EPEC: A/E, EAF plasmid, and lack of Shiga toxin.  

Typical EPEC strains would possess the eae gene for A/E and the EAF probe or 

bfp sequences, indicating the presence of the EAF plasmid. Atypical EPEC 

strains would possess the eae gene only without the EAF plasmid. 

 (a) eae gene: Possession of eae sequences correlates with possession of the 35-

kb LEE pathogenicity island encoding A/E (McDaniel et al.,1995). No 

exceptions to this generalization have been reported, and so there is no need to 

test for other sequences in the LEE such as espB and sep unless specific strain 

differences are sought for molecular epidemiology purposes (Ebel et al., 1996). 

 A variety of eae primers for detecting this gene by PCR have been tested. As 

reported by (Gannon et al ., 1997), primer pairs for the conserved 59 region 

amplified fragments from all eae-positive strains whereas primers from the 39 

end were specific for certain serotype.  

 (b) EAF plasmid: The 1-kb EAF fragment probe originally described by (Nataro 

et al .,1998) is from a region of the EAF plasmid with an unknown function. 

This probe may be used with non radioactive labeling techniques. A sensitive 

and specific oligonucleotide probe consisting of 21 bases of the EAF fragment 

was developed by (Jerse et al., 1991), where a PCR primer pair to amplify a 

397-bp region of the EAF probe developed by (Franke et al., 1989).  The cloning 

of the bfpA gene allowed the development of DNA probes for specific plasmid 

encoded virulence factors.( Giro·n et al., 1997) reported an 850-bp bfpA 
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fragment probe that was slightly more sensitive than the EAF probe; among 

EPEC strains exhibiting localized adherence to HEp-2 cells, the bfpA and EAF 

probes hybridized with 99 and 96% of the strains, respectively.   

2.1.9.3 Detection of EHEC 

 There are three major categories of methods used to diagnose EHEC infections. 

These are (i) isolation of E. coli O157 strains from stool samples, (ii) detection 

of Stx producing organisms or fecal Stx, and (iii) detection of elevated antibody 

levels to O157 LPS or other EHEC antigens in serum. Detailed protocols for 

many of these methods have been reviewed by Smith and Scotland (Smith and 

Scotland., 1993).  There are no common biochemical characteristics that are 

associated with the great majority of EHEC serotypes. However, there are some 

biochemical characteristics of E. coli O157:H7 that have been exploited in the 

isolation and identification of this serotype. An important characteristic is that 

O157:H7 strains do not ferment D-sorbitol rapidly, in contrast to about 75 to 

94% of other E. coli strains. E. coli O157 strains also do not ferment rhamnose 

on agar plates, whereas 60% of non-sorbitol-fermenting E. coli belonging to 

other serogroups ferment rhamnose (Smith and Scotland., 1993).   

2.1.10 Virulence Factors  

2.1.10.1 Adhesion/colonization   

 Pathogenic E. coli strains possess specific adherence factors that allow them to 

colonize sites that E. coli does not normally inhabit, such as the small intestine 

and the urethra. Most frequently these adhesins form distinct morphological 

structures called fimbriae (also called pili) or fibrillae, which can belong to one 

of several different classes. Fimbriae are rod-like structures of 5–10 nm 

diameters that are distinct from flagella. Fibrillae are 2–4 nm in diameter and are 

either long and wiry or curly and flexible (Cassels and Wolf., 1995). The Afa  



Literature Review        Chapter Two  
  

29 
 

adhesins that are produced by many diarrhoeagenic and uropathogenic E. coli 

are described as afimbrial adhesins, but in fact seem to have a fine fibrillar 

structure that is difficult to visualize (Keller et al., 2002). Adhesins of 

pathogenic E. coli can also include outer-membrane proteins, such as intimin of 

UPEC and EHEC, or other non-fimbrial proteins. Some surface structures 

trigger signal transduction pathways or cytoskeletal rearrangements that can lead 

to disease. For example, the members of the Dr family of adhesins that are 

expressed by DAEC and UPEC bind to the Decay Accelerating Factor (DAF 

also known as CD55), which results in activation of phosphatidylinositol 3-

kinase (PI-3-kinase) and cell-surface expression of the major histocompatibility 

complex (MHC) class I-related molecule MICA (Tieng et al., 2002). The IcsA 

protein of EIEC nucleates actin filaments at one pole of the bacterium, which 

allows it to move within the cytoplasm and into adjacent epithelial cells on a 

„tail‟ of polymerized actin (Golderg et al., 1995). Even surface structures that 

are present on commensal E. coli strains can induce signaling cascades if the 

organism encounters the appropriate receptor. The LPS of E. coli and other 

gram-negative bacteria binds to Toll-like receptor 4 (TLR4), triggering a potent 

cytokine cascade that can lead to septic shock and death (Tapping et al., 2000). 

Flagellin, the main component of flagella, can bind to TLR5, thereby activating 

interleukin (IL)-8 expressions and an inflammatory response (Hayashi et al., 

2001). 

2.1.11 Molecular methods: 

 2.1.11.1 Polymerase Chain Reaction 

 Polymerase chain reaction (PCR) is a method used for the in vitro enzymatic 

synthesis of specific DNA sequences by  Taq  and other thermo resistant DNA 

polymerases. PCR uses oligonucleotide primers that are usually 20–30 

nucleotides in length and whose sequence is homologous to the ends of the  
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genomic DNA region to be amplified. The method is performed in repeated 

cycles, so that the products of one cycle serve as the DNA template for the next 

cycle, doubling the number of target DNA copies in each cycle (Hill.,  1996)  . 

  The rapid increase in the number of copies of the target sequence that can be 

achieved with PCR-based methods makes them ideal candidates for the 

development of faster microbiological detection systems. Many PCR tests have 

been validated and commercialized to make PCR a standard tool used by food 

microbiology laboratories to detect pathogens in foods (Jasson et al.,  2010 ; 

AOAC International.,  2011  ) . 

  Conventional PCR relies on amplification of the target gene(s) in a thermo 

cycler, separation of PCR products by gel electrophoresis, followed by 

visualization and analysis of the resulting electrophoretic patterns, a process that 

can take a number of hours. The specificity can be subsequently confirmed by 

sequencing the amplified fragment. PCR can be superior to culture for detecting 

the main pathogens in food samples (Abubakar et al., 2007). 

 PCR itself requires only about 30–90 min, but all methods for detecting 

foodborne pathogens using PCR require pre-enrichment times that may vary 

from 6–8 to 48 h. Aside from that, if a positive result for PCR is reached, this 

must be confirmed using cultures (Rodriguez-Lazaro and Hernandez.,  2006 ; 

Navas et al.,  2006 ; Jasson et al.,  2010  ) .  

2.1.12  Control and prevention  

 Diarrhea caused by various diarrheagenic E. coli normally are self-limiting and 

do not require antibiotic treatment. For infants and children who are at high risk 

for dehydration, fluid replacement would be given in the case of fluid loss 

caused by ETEC, EPEC and EAEC (King et al., 2003). 

  Although antibiotics have been very useful in treating E. coli infections in the 

past, the increase in antibiotic resistance in E. coli make treatment of E. coli  
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infections complicated. For example, the emergence of fluoroquinolones 

resistant and extended-specturm beta-lactamse producing strains have caused 

great concern due to limited therapeutic options for infections with those E. coli 

strains (Fadda et al ., 2005). 

 Frequent hand washing, especially before eating or preparing food, and good 

hygiene are important in preventing transmission from animals and their 

environment. Hand washing facilities should be available in petting zoos and 

other areas where the public may contact livestock, and eating and drinking 

should be discouraged at these sites. To protect children and other household 

members, people who work with animals should keep their work clothing, 

including shoes, away from the main living areas and launder these items 

separately (Werber et al., 2008). 
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3. Materials and Methods 

3.1 Materials  

3.1.1 Culture Media 

Table (3-1) selective and differential media used in the isolation and 

identification of diarrheagenic Escherichia coli 

Manufacturer/origin Media 

DCM/Netherlands MacConky Agar 
DCM/Netherlands Peptone Water 

DCM/Netherlands Eosin-methylene blue Agar 

Oxoid/England Simmon's citrate Agar 

Oxoid/England Kligler  Iron Agar 

DCM/Netherlands Nutrient Broth 

Oxoid/England Methyl red vogasproskeur broth 

DCM/Netherlands MacConky broth 

Himedia/India Brain Heart infusion Broth 

Oxoid/England Brain Heart infusion Agar 

Oxoid/England Blood Agar Base 

Himedia/india Triple Sugar iron Agar 

Oxoid/England Urea base Agar 

Himedia/india Nutrient Agar 

 

3.1.2 Chemical and biochemical material 

The chemicals and biological materials with their remarks that were used in this 

study are listed in table(3-2 ) : 
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Table (3-2) the chemical and biological materials with their remarks 

Country  Company Chemical NO. 

USA Promega Agarose gel 1 

U.S.A Sigma Absolute Ethanol 2 

England BDH Glycerol(C3H8O3) 3 

UK BDH Kovacs reagent 4 

U.S.A Promega Ethidium bromide 5 

Korea Bioneer Ladder 6 

Switzerland Cider Oil 7 

UK BDH Ethylene-diamine-tetra-

acetic acid EDTA 

8 

India Himedia Gram stain 9 

Germany Fluka Hydrogen peroxide(H2O2) 10 

UK BDH Methyl red 11 

USA Promega Nuclease free water 12 

UK Oxoid Potassiumhydroxide (KOH)13 

UK BDH Sodium hydroxide (NaOH) 14 

Germany Fluka Trise-base 15 

UK Mast Diagnostic Urea solution 16 

UK BDH α-naphthol (C10H8O) 17 

 

3.1.3 Instrument and Equipments 

The instrument and the equipments with their remarks that were used in this 

study are listed in table (3-3): 
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Table (3-3): The instrument and the equipment that used in this study with their 

remarks 

Country Company Equipment NO. 

Taiwan Gemmy Autoclave 1 

Germany Sartorius Electric oven 2 

Germany Memert Incubator 3 

Korea Bioneer Electrophoresis unit 4 

Germany Hettich High speed cold 

centrifuge 

5 

Germany Memert Water Bath 6 

Japan ATTA Power  Electric 7 

U.S.A Biorad Distillator(water distiller) 8 

USA FANEM Vortex Mixer 9 

Japan  Hotplate Magnetic Stirrer 10 

Japan Olympus Microscope 11 

England Gallnkamp Laminar-Flow 12 

China Haiou Micropipettes 13 

Lebanon Concord Refrigerator 14 

Germany Korn pfp&Sohn mbh Sensitive Balance 16 

England  PCR Tubes 17 

India Himedia Calibrated loop 0.01 18 

India Himedia  Thermocycler 19 

  Uv light  

spectrophotometer 

20 
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3.1.4Antibiotics 

The antibiotics with their remarks that were used in this study are listed in table 

(3-4). 

Table (3-4): The antibiotics that used in this study and the dosage to each of 

them with their remarks 

symbol Concentration 

gµ 

Country Company Antibiotics NO. 

AMP 10 Turkey Bioanalyse Ampicillin 1 

CTX 30 Turkey Bioanalyse Cefotaxim 2 

CRO 30 Turkey Bioanalyse Ceftriaxone 3 

CEP 30 Turkey Bioanalyse Cephalothin 4 

C 30 Turkey Bioanalyse Chloroamphincol 5 

CIP 5 Turkey Bioanalyse Ciprofloxacin 6 

CN 10 Turkey Bioanalyse Gentamicin 7 

IMP 10 Turkey Bioanalyse Imipenem 8 

NA 30 Turkey Bioanalyse Nalidxic acid 9 

NET 30 Turkey Bioanalyse Netilmicin 10 

TE 30 Turkey Bioanalyse Tetracyclin 11 

    

 3.1.5 Types of kits  

Table (3-5) : The type of kits with their company and origin   

Origin Company Kit 

France BioMerieux API 20 E test 

England Geneaid DNA extraction kit 

Korea Bioneer Green Master mix 
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3.1.5.1 Components of API 20E test 

1-Saline suspension(as per manufacturer´s directions). 

2-IncubationBox. 

3-Mineraloildropper. 

4-Chemicalreagents: 

a-ferric Chloride for tryptophan deaminase (TDA). 

b-Kovacs reagent for indole test. 

c-Voges-Proskaure reagent for VP test. 

this reagent consisted of two solution(α-naphthol and 40% KOH). 

3.1.5.2 Components of DNA extraction Kit Geneaid (England)  

The kit includes the following solution : 

Volume Name 

40ml GB buffer 

30ml GT buffer 

25ml(100ml) Wash buffer (Add Ethanol) 

45ml W1 buffer 

100 pcs GD column 

30ml Elution buffer 

200 pcs 2ml collection tube 

 

 the kit contents were stored at 20-25◦c. 
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3.1.5.3 Molecular Weight Marker 

Table (3-6) DNA marker with the description and source 

Source Description DNA Marker  

Bioneer (korea) 100 bp DNA ladder is 

specially designed for 

determining the size of 

double strand DNA from 

100 t0 2,000 base pairs. 

The DNA Ladder consists 

of 13 double strand DNA 

fragment ranging in sizes 

from 100 to 1,000 bp in 

100 bp increments and 

additional fragments of 

1,200,1,600,2,000 bp.   

100 bp DNA ladder 

 

3.1.6 primers for detection of virulence factors of enteropathogenic E. 

coli 

Table (3-7)  The group of primer sequence, target gene, product size and 

reference:  

Reference Product 

size(bp) 

Target 

gene  

DNA Sequences(5ꞌ-3ꞌ) Reference 

strain 

Svenungsson et al,.2000 229 

 

 

450 

 

eaeA 

 

 

 bfpA 

TGATAAGCTGCAGTCGAATCC 

CTGAACCAGATCGTAACGGC 

 

CACCGTTACCGCAGGTGTGA 

GTTGCCGCTTCAGCAGGAGT 

EPEC 
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Aranda,fagundes-

neto,&scaletsky.2004 

320 ial CTGGTAGGTATGGTGAGG 

CCAGGCCAACAATTATTTCC 

EIEC 

Paton and Paton (1998) 630 CVD432 CTGGCGAAAGACTGTATCAT 

CAATGTATAGAAATCCGCTGTT 

EAEC 

Moyo, 2007; Khairun, 2007; 

Brandal, 2007; Nguyen, 2005; 

Rajendran, 2010; Franzolin, 

2005 

259 rfbO157 CGGACATCCATGTGATATGG 

TTGCCTATGTACAGCTAATCC 

 

STEC 

 170 STLa TCTTTCCCCTCTTTTAGTCAGTC 

CCGCACAGGCAGGATTAC 

ETEC 

 

3.2 Methods 

3.2.1 preparation of culture media 

 All used media were prepared according to the directions of the manufacturing 

companies, and were dissolved in D.W ,then sterilized by autoclave 121 C ◌֯ for 

15 min. under 15 psi pressure. after sterilizing leave cooling to (50-55)C ◌֯, 

blood agar base was supplemented with 5%-7% of human blood. 

 3.2.1.1 MacConkey Agar Medium 

 MacConkey agar is a selective and differential culture medium used for the 

isolation of gram-negative enteric bacteria and the differentiation of lactose 

fermenting from lactose non-fermenting Gram-negative bacteria.   As E. coli can 

ferment lactose   it   gives pink color colony on MacConkey agar. 
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3.2.1.2 MacConkey Broth 

 MacConkey broth is selective medium used to for the presumptive 

identification of coliforms and for cultivating Gram-negative ,lactose fermenting 

bacilli from a variety of samples like water ,milk, and food. 

3.2.1.3 MacConky sorbitol Agar 

 MacConkey sorbitol agar is used for isolation and identification of entero 

pathogenic Escherichia coli strains associated with infant diarrhea. 

3.2.1.4 preserve Media for microbe isolate 

 Attended the preservation media to save the bacterial isolates by added 15% of 

glycerol to 85 ml of brain heart infusion broth, and distributed in small tubes 

with a tight lid and sterilized by autoclave, leave to cooled in room temperature 

then inoculated with pure bacterial colonies that growth on MacConky agar by 

using loop. tubes saved at -20C ◌֯,after incubated for 24 hours at 37C ◌֯.this 

method was used for long preservation period(8-12 months) for short period 

preservation(4 months) the tubes that contain brain heart agar slant inoculated 

with bacterial colonies, then incubated at 37C ◌֯ for 24 hours then stored at 4C ◌֯ 

for while it use. The microbe isolates have been maintained every month during 

the study by culturing on new culture media ( Ausubel et al.,1987). 

3.2.2 Samples collection 

  A total of 300samples were collected   from various shops, local 

bazaar around Thi-Qar (Shatrah-Rifai-Suq- Alsheokh- Nasr) in the 

period between January 2016 to July 2016.the samples transported to 

the laboratory and then cultured on MacConkey broth. 
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Table ( 3-8)  Area of sampling, number and types of samples 

Types of Samples (Number of 

Samples 

Total number of 

samples 

Place 

Meat(53),cheese(25), milk(25). 103 Shatrah 

Meat(30),cheese(21), milk(20).71 Rifai 

Meat(25),cheese(18),milk(25). 68 Suqalsheokh 

Meat(20),cheese(18),milk(20). 58 Nasr 

 300 Total 

 

3.2.3 Prearation of Reagents and solution 

3.2.3.1 Catalase 

  Catalase reagent has prepared by mixing 1ml of concentrated hydrogen 

peroxide(30%) with 9ml of distilled water to get concentration (3%)hydrogen 

peroxide ,then preserved in fridge in a black bottle then used for detection the 

ability of the microbe to produce catalase enzyme(Collee et al.,1996).  

3.2.3.2 Oxidase 

Oxidase reagent has prepared freshly by dissolved 1gm of Tetramethyl p-phenyl 

diamine-dihydrochloride material in 90ml of distilled water and then volume 

completed to 100 ml in black bottle. This reagent used to detection production 

oxidase enzyme by the microbe(koneman et al.,1992).   

3.2.3.3 Methyl red 

 It was prepared by dissolving 0.1gm of methyl red powder in 300ml of 96% 

ethanol and then the volume completed to 500ml by added 200ml of distill 

water, this reagent used as indicator for methyl red test. 
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3.2.3.4 Voges-Proskauer 

Prepared of this reagent consist of two parts: 

part one from dissolving 5gm of α-naphthol in 100ml of absolute 

ethanol 96%. 

part two from dissolving 40gm of 40%KOH in 100ml d. w and the volume 

completed to 100ml. 

3.2.3.5 MacFarland standard (0.5)  

The solution prepared as the standard guidelines that described  

in(Baron&finegold.,1994). 

3.2.3.6 Normal saline solution 

Normal saline prepared as stated in (Forbes et al,2002) in order to use in 

dilution execution by dissolving 0.85gm of NaCl in 90ml D.W and then the 

volume completed to 100ml with D.W, the normal saline solution autoclaved at 

121C ◌֯ for 15 minutes and stored at 4C ◌֯  until use. 

3.2.4 Tests that’s used to identify bacterial isolates 

3.2.4.1 Indole test 

This test used to detection the presence of indole ,which is one of the 

metabolism outputs of tryptophan amino acid as a result of the bacterial having 

enzyme tryptophanase ,the peptone water inoculated with fresh or a young 

culture and incubated at 37◦C for 24-48 hours, 5 drops of Kovacs reagent were 

added to each tube and positive result led to red color while negative result 

yellow color observed immediately (Koneman et al.,1992). 

3.2.4.2 Methyl red test 

This test used to detection the bacterial capacity to produce big amounts of lactic 

acids or formic as a result of glucose metabolism, fresh culture inoculated into 
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3ml of MR-VP broth and then incubated overnight at 37C ◌֯.five drops of methyl 

red solution were added, mixed and the culture was examined. The result read 

immediately 

A positive test was bright red while yellow indicated negative reaction 

(Koenman et al.,1992).  

3.2.4.3 Voges-Proskauer test 

This test used to detection the bacterial capacity to produce acetyl methyl 

carbinol(acetone),fresh culture inoculated into  MR-VP broth and then incubated 

overnight at 37◦C ,one ml of 40%KOH solution and three ml of 5% solution of 

α-naphthol were added to each tube. positive result led to appearance red color 

in 5 minutes(Koenman et al .,1992). 

3.2.4.4 Citrate Utilization test 

Simmons citrate slant were inoculated with fresh culture of bacteria and 

incubated at 37C ◌֯ for 24-48 hours, the result is considered positive when the 

color of the media transform from the green to the blue as  a result of the 

consumption of citrate.(Koneman et al,.1992). 

3.2.4.5 Urease test 

The surface of urea agar slant was streaked with fresh or ayoung culture of 

bacteria and incubated at 37C ◌֯ .the result was read after 6h,24h,48h and 

72h.changing color of urea medium to purple-pink is led to positive result of 

test. (Koneman et al,.1992). 
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3.2.4.6 Kliglers iron agar test 

With a straight inoculation needle an inoculums was stabbed into butt of tube 

and streaked over surface of the agar slant and then incubated at 37C ◌֯ for 24h 

.so the result were read as follows : 

color Slant/butt 

Red/Yellow Alkaline/Acid 

Yellow/Yellow Acid/Acid 

Red/Red Alkaline/Alkaline 

Black precipitate H2Sproduction 

  

3.2.4.7 Carbohydrate Fermentation  

Carbohydrate fermentation is done to determine the fermentation capability of 

the organism. It is done under anaerobic condition in a fermentation   broth tube 

containing Durham tube for detection of gas production .Specific carbohydrate 

serves as substrate and phenol red as pH indicator. The critical nature of 

fermentation reaction and the indicator make it an imperative that all culture has 

to be observed within 48 hours. Upon incubation carbohydrates that have been 

fermented with the production of acid and gas will cause the phenol red to turn 

yellow. 

 

3.2.5 Identification of the organism 

All isolates were subjected to gram staining for initial identification of organism 

according to their gram reaction ,colony morphology and finally by biochemical 

test. gram negative bacteria were identified by motility test, indol production, 
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citrate utilization test, methyl red test, voges-proskauer test, urease production 

and reaction in KIA media.(Holt et al,.1994). 

3.2.5.1 gram staining 

Smear from the culture will establish the Gram reaction and cellular morphology 

(coccus or rod). Typical E. coli appears Gram negative rod.  

3.2.5.2 Colony morphology 

MacConkey agar :produce smooth pink colony 

Blood agar: Rounded colonies of 1.4 mm diameter with or without haemolysis. 

3.2.5.3 Isolation of E. coli from Samples 

Samples were processed to isolate the E. coli as per the standard Bacteriological 

Analytical Manual (BAM), U.S. Food and Drug Administration (USFDA) 

method ( Kumar et al., 2008). Twenty five gram of selected raw milk ,cheese 

and meat were measured and finely chopped aseptically. This was added to 225 

ml of enrichment broth and homogenized and incubated at 37oC for 16-18 h. 

Then 1 ml of enriched broth was subjected to 10-fold dilution series from 10-1 

to 10-4 in 9 ml of PBS. From each10-1 to 10-3 dilution tubes, 0.1 ml of 

suspension was spread plated in duplicate onto MacConkey   agar plates. The 

plates were then incubated at 37oC for 16-18 h, according to method of. 

(Bollton et al., 2001). 

3.2.5.4 Cultural Properties on MacConkey Agar Plate 

Morphological characteristics of colonies (size, shape, elevation, form, 

pigmentation and opacity) developed after incubation on MacConkey agar plate 

were carefully studied and recorded. Five to ten suspected E. coli colonies were 

picked up from the plate and sub-cultured onto fresh MacConkey plate to get 

pure culture. Escherichia Coli produce smooth pink colony on MacConkey agar. 
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3.2.5.5 Cultural Properties on Blood Agar Plate 

Rounded colonies of 1.4 mm diameter with or without haemolysis. 

3.2.5.6 Screening of Suspected Isolates on EMB Plate 

Suspected E. coli isolates from the fresh MacConkey plate were streaked onto 

eosin methylene blue (EMB) agar plate for presumptive confirmation as E. coli. 

EMB agar medium contains lactose and the dyes eosin and methylene blue that 

permit differentiation between enteric lactose fermenters and non-fermenter as 

well as identification of the colon bacillus E. coli. The E. coli colonies are black 

colonies with a metallic green sheen caused by the large quantities of acid that is 

produced and that precipitates out the dyes onto the growth's surface 

(Cappuccino and Sherman., 2011). 

3.2.6 Confirmatory test System 

3.2.6.1 API20 Multi Test System 

All isolates identified through the biochemical test were they confirmed by API 

20E test.API 20E test used according to manufacturers protocol(Bio Merieux),to 

increase the reliability of the diagnostic process of the isolates to the level type 

which consist 20 biochemical test for all isolates. Wells of the biochemical test 

inoculated with overnight 0.5 McFarland bacterial suspension and they 

inoculated at temperature 37C for one day. The results were read after addition 

of all reagent ,as 7-digit number that identified by API 20E analytical index. 

 

3.2.7 Antimicrobial Susceptibility Test 

using the standard method of Bauer &Kerby to testing the bacterial 

susceptibility to the antimicrobial (Vandepitte et al., 1991). 
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A-Preparation of Bacterial Inoculums' 

Three-Five pure isolated colonies of fresh culture has been suspended in 5ml of 

trybtic soy broth and incubated at 37 C ◌֯ for 24h. the turbidity that produce from 

growth culture has been adjusted with sterile broth to give optical density 

comparable to the 0.5 McFarland standards(equivalent to 1.5X^10cell/ml). 

B-Streaking 

1.Cotton swab (sterile) have been dipped into the adjusted suspension and then 

rotated several times firmly on the inside wall of tube above the broth level to 

remove excess inoculums from the cotton swab. 

2.All surface of a Mueller-Hinton agar plate has been streaked with the dipping 

cotton swab. The streaking surface of a Mueller-Hinton agar plate has been 

repeated two more times and the plate was rotated about 60◦ each time to ensure 

an even distribution of inoculums .AS a other step the rim of the agar was 

swabbed. 

3.The Petri dishes were allowed to dry for time between 15-20 min at room 

temperature before the application of the antibiotic discs. 

C-Application of Antibiotic Discs 

1.The antibiotic discs have been spreading or dispensed onto the surface of the 

inoculated agar plate. Every disc has been pressed gently to ensure that will be 

compete contact with agar surface through helping sterilized forceps. 

2.The plates of agar have been inverted and placed in an incubator at 37◦C 

for18-24h. 

3.The diameter of growth inhibition zones on plates have been measured via 

using transparent ruler. 

4.The results that produce were compared with the tables of the CLSI(2014). 
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3.2.8 Polymerase Chain Reaction Assay 

3.2.8.1 Detection the virulence factors genes by PCR assay 

3.2.8.1.1 DNA Extraction 

1. Fresh culture ( 1ml) was Added to 1.5ml micro centrifuge tube. 

2- Culture was Centrifuged for 1 minute at 14,000-16,000 x g. then discard the 

supernatant. 

3.Added 180µl of GT buffer by micropipette, then re-suspend the cell pellet by 

vortex. 

4.Added 20µl of proteinase K(make sure distilled water added). 

5.Incubate at 60◦C for 10 minutes ,during incubation invert the tube every 

3minutes. 

6.Added 200µl of GB buffer to the sample and mix by vortex for 10 seconds. 

7.Incubate at 70◦C for 10 minutes to ensure the sample lysate is clear, during 

incubation invert the tube every 3 minutes .At this time, pre-heat the required 

Elution Buffer (200µl per sample) to 70◦C (for step DNA Elution). 

8-Added 5µl of RNase A(50 mg/ml) to the clear lysate then shake vigorously 

and after that incubate at room temperature for 5 minutes. 

9.Added 200µl of absolute ethanol to the sample lysate and mix immediately by 

shaking vigorously. 

10.Place GD column in a 2 ml collection tube .Transfer mixture (including any 

insoluble precipitate) to GD column then centrifuge at 14,000-16,000 ₓ g for 2 

minutes. Discard the 2ml collection tube containing the flow-through then place 

the GD column in a new 2ml collection tube. 

11.Added 400µl of W1Buffer to the GD column and then centrifuge at 14,000-

16,000 ₓ g for 30 seconds then discard the flow-through .place the GD column 

back in the 2ml collection tube. 
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12.Added 600µl Wash buffer (make sure ethanol was added)to the GD column 

,centrifuge at 14,000-16,000 ₓ g for 30 second then discard the flow-through 

.place the GD column back in 2ml collection tube . 

13.centrifuge at 14,000-16,000 ₓ g for 3 minutes to dry the column matrix. 

14.transfer the dried GD column to a clean 1.5 micro centrifuge tube . 

then added pre-heated Elution Buffer into center of the column matrix. 

lat stand for at least 3 minutes to allow Elution buffer to be completely 

absorbed. 

15.Centrifuge at 14,000-16,000 ₓ g for 30 seconds to elute the purified DNA. 

16.Stored the DNA at 2-8◦C. 

3.2.8.2 Loading and Running DNA in Agarose Gel 

DNA samples was transferred 7µl from it to Eppendrof tube ,3 µl of loading 

buffer were added to tube and mixture was loaded into the wells in agarose gel. 

Electric current was allowed at 100 volt for 60 minutes. 

UV transilluminater were used for the observation of the DNA bands. 

3.2.8.3 Polymerase chain reaction 

3.2.8.3.1 Amplification of EPEC gene (eaeA amplicon size 229) 

  PCR amplification of eaeA gene of Escherichia Coli .PCR by using 

amplification was performed by using Accu power PCR premix (Bioneer 

Korea).     

eaeA gene   studied according to(Rappelli et al., 2001)  . Genomic DNA was 

amplified by using the primers. 

The PCR condition amplification was performed using the thermal cycler 

program as following. PCR condition and reaction are displayed in table   (3.9) 

and (3.10). 
   

 .  
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Table (3-9)  PCR condition for eaeA gene 

No. of CyclesTime Temperature Step Stage 

1 3 minutes 95C ◌֯ Denaturation 1 First 

 

 

 

 

35 

30 second 94C ◌֯ Denaturation 2  

Second 

  
30 second 55C ◌֯ Annealing 

30 second 72C ◌֯ Extension 1 

1 5 minute 72C ◌֯ Final extension Third 

   

Table (3-10) Reaction mixture of (20µl) eaeA gene 

 

5µl 

 

DNA template 

5µl Master mix 

1µl Primer forward 

1µl Primer reverse 

8 µl DW 

  

3.2.8.3.2 Amplification of EAEC gene (CVD432) 

  PCR amplified of CVD432  gene of Escherichia coli. PCR by using 

amplification was performed by using Accu power PCR premix (Bioneer 

Korea). 5 µl template DNA, 2µl primers (1 µl forward and 1 µl reverse Primer) 

each 1µl contain 10 p mole of primer and final volume was reach to 20 µl by 

adding 8  µl. 
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The PCR condition amplification was performed using the thermal cycler 

program as following: primary denaturation 94 for 3 min then for 36 cycles of 

94°C for 1 min, 54°C for 1 min, and 72°C for 1 min.  

The CVD432 gene was studied according to (Aranda,Fagundes-

Neto,&Scaletsky.2004). Genomic DNA was amplified by using the primers. 

PCR condition and reaction   are   displayed in table (3-11) and (3-12). 

Table (3-11)  The PCR condition for CVD432 gene 

 

No. of cycle 

 

Time 

 

Temperature 

 

Option 

 

Step 

 

Stage 

 

1 

 

3 m 

 

94◦C 

 

Denaturation 1   

 

1 

 

First 

 

 

 

 

 

35 

 

1 m 

 

94◦C 

 

Denaturation 2 

 

1 

 

 

 

 

 

Second 

 

 

 

 

 

1 m 

 

57◦C 

 

Annealing 

 

2 

 

 

1 m 

 

72◦C 

 

Extension 1 

 

3 

 

 

1 

 

10 

minutes 

 

 

72◦C 

 

Final extension 

 

1 

 

Third 
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Table (3-12)   The reaction mixture (20 µl) for CVD432 gene 

5 µl DNA templates 

5 µl Master mix 

1 µl F primer 

1 µl R primer 

8 µl DW 

 

3.2.8.3.3 PCR amplification of STEC(rfbO157 gene)   

PCR amplification of O157 gene of Escherichia Coli  by using amplification 

was performed by using Accu power premix (Bioneer Korea). 5 µl template 

DNA, 2 µl primers (1 µl forward and  1µl  reverse Primer ) each 1µ primer 

contain 10 p mole and final volume was reach to 20 µl by adding 8  µ of 

deionized water. 

O157  gene was studied according to (Paton and Paton 1998).  Genomic DNA 

was amplified by using the primers. PCR reaction and condition are   displayed 

in tables (3-13) and (3-14). 
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Table (3-13) The PCR Condition for rfbO157 gene 

Stage Step Temperature Time No. of Cycle 

First Denaturation 

1 

94◦C 2 minutes 1 

 

 

Second 

Denaturation 

2 

95◦C 30 sec.  

 

35 Annealing 61◦C 1 min. 

Extension 1 72◦C 1 min 

Third Final 

extension 

72◦C 10 min 1 

 

Table (3-14) Reaction mixture (20µl) for O157 gene 

DNA Template 5µl 

Master mix 5µl 

Primer forward 1µl 

Primer reverse 1µl 

DW 8µl 

 

3.2.8.3.4 PCR amplification of EPEC (bfpA gene)    

PCR amplification of bfpA gene of Escherichia coli  by using amplification was 

performed by using Accu power PCR premix (Bioneer Korea). 5 µl template 

DNA, 2 µl primers (1 µl forward and  1µl  reverse Primer ) each µl primer 

contain 10 p mole and final volume was reach to 20 µl by adding 8  µ of 

deionized water. 
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bfpA  gene was studied according to(Amisano et al., 2001). Genomic DNA was 

amplified by using the primers. PCR reaction and condition are   displayed in 

tables (3-15) and (3-16). 

Table (3-15) :PCR condition for bfpA gene 

Stage Step Temperature Time No .of cycle 

First Denaturation 

1 

95◦C 5 minute 1 

 

Second 

Denaturation 

2 

94◦C 30 sec.  

30 

Annealing 57◦C 1 minute 

Extension 1 72◦C 1 minute 

Third Final 

extension 

72◦C 7 minute 1 

 

Table (3-16) Reaction mixture of (20µ) for bfpA gene 

DNA Template 5µl 

Mastermix 5µl 

Primer forword 1µl 

Primer reverse 1µl 

DW 8µl 

 

3.2.8.3.5 PCR amplification of EIEC (ial gene)    

PCR amplification of ial  gene of Escherichia Coli  by using amplification was 

performed by using Accu power PCR premix (Bioneer Korea). 5 µl template 
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DNA, 2 µl primers (1 µl forward and  1µl  reverse Primer ) each µl primer 

contain 10 p mole and final volume was reach to 20 µl by adding 8  µ of 

deionized water. 

ial gene was studied according to (Svenungsson et al., 2000) .Genomic DNA 

was amplified by using the primers. PCR reaction and condition are   displayed 

in tables (3-17) and (3-18). 

Table (3-17) PCR condition for ial gene 

Stage Step Temperature Time No.  of 

cycle 

First Denaturation 

1 

94◦C 3 minute 1 

 

Second 

Denaturation 

2 

94◦C 45 sec  

 

36 Annealing 61◦C 1 minute 

Extension 1 72◦C 1 minute 

Third Final 

extension 

72◦C 5 minute 1 

 

Table (3-18) Reaction mixture of (20µ) for ial gene 

DNA Template 5µl 

Master mix 5µl 

Primer forword 1µl 

Primer reverse 1µl 

DW 8µl 
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3.2.8.3.6 PCR amplification of ETEC (STLa gene)    

PCR amplification of STLa  gene of Escherichia coli  by using amplification 

was performed by using Accu power PCR premix (Bioneer Korea). 5 µl templet 

DNA, 2 µl primers (1 µl forward and  1µl  reverse Primer ) each µl primer 

contain 10 p mole and final volume was reach to 20 µl by adding 8  µ of 

deionized water. 

STLa  gene was studied according to (Moyo., 2007; Khairun., 2007; Brandal., 

2007; Nguyen., 2005; Rajendran., 2010; Franzolin., 2005) .Genomic DNA was 

amplified by using the primers. PCR reaction and condition are   displayed in 

tables (3-19) and (3-20). 

Table (3-19) :PCR condition for STLa gene 

Stage Step Temperature Time No. of cycle 

First Denaturation 

1 

95◦C 5 minute 1 

Second Denaturation 

2 

95◦C 1 minute  

30 

Annealing 54◦C 1 minute 

Extension 1 72◦C 1 minute 

Third Final 

extension  

72◦C 8 minute 1 
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Table (3-20): reaction mixture for STLa gene 

DNA Template 5µl 

Master mix 5µl 

Primer forword 1µl 

Primer reverse 1µl 

DW 8µl 

 



Chapter Four 
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4.1 Isolation and identification of Diarrheagenic Escherichia Coli  

4.1.1 Distribution food samples according to their type and number    

 The total number of food samples was 300 sample ,they were collected    

through the period of more than 7 months from various shops ,local pazzars and  

street shops, they were randomly selected and examined for detection of gram  

negative bacteria .These food samples were 100(33.33%) samples collected 

from raw meat  , 100(33.33%) samples   collected from raw milk and 

100(33.33%) samples collected from cheese ; As shown in the table (4-1), that 

explains distribution the type of the food samples ,The number of samples and 

the percentage from the whole samples. 

 Table (4-1)  The distribution of the samples according to their type : 

 

 

 

 

 

 

4.1.2 Distribution of the food samples according to the geographic 

location 

The food samples distributed to groups by location-derived thereof include  

Shatrah 103(34.33%) samples which involved  53 (16.20%) raw meat  , raw 

milk 25(7.65%) and cheese 25(7.65%) ;  Rifai 71 (21.7%) samples  including 

30(9.17%) raw meat samples , raw milk samples are 20(6.11%) and cheese 

samples are 21 (6.43%) ; Suq-alsheokh samples are 68 (20.7%) including 

type of samples Number of samples (%) 

Raw meat 100 33.33 

Raw milk 100 33.33 

Local cheese 100 33.33 

Total 300 100% 
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25(7.65%) raw meat samples /raw milk samples are 25 (7.65%) /cheese samples 

are 18 (5.50%); Nasr 58(17.7%)  samples including 20 (6.11%) raw meat 

samples , raw milk samples are 20 (6.11%) and cheese samples are 18 (5.50%) 

The samples distribution can shown in table (4.2). 

Table  (4.2) The distribution of the food samples according to the geographic 

location, type of samples , number of samples, and their percentage  

% No. of sample Type of sample location 

16.20 53 Raw meat  Shatrah 

7.65 25 Raw milk   

7.65 25 Cheese   

9.17 30 Raw meat  Rifaii 

6.11 20 Raw milk    

6.43 21 Cheese    

7.65 25 Raw meat  Suq-alsheok 

7.65 25 Raw milk   

5.50 18 Cheese   

6.11 20 Raw meat  Nasr 

6.11 20 Raw milk   

5.50 18 Cheese   

100 300  Total 

 

4.1.3 Identification of E. coli according to the growth on a selective 

media and the biochemical test  

 The gram negative bacteria isolated were identified according to their 

morphological characteristics and strength as well as their ability to ferment 

lactose sugar on MacConkey agar . E. coli colonies showed pink color as a result 
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lactose fermented , dry, medium size, convex and regular .Negative for oxidase 

test and grow as a colonies with green metallic sheene on eosein methylene blue 

media. for microscopic examination, all isolates have appeared negative for the 

colored of gram stain and bacillary .it has been relyed on biochemical 

,microscopic and agricultural tests to identification the isolates and confirm the 

initial diagnosis. The results show that 85 (25.99%) isolated positive for gram 

negative bacteria and from these value 55 (64.7%) isolates positive to 

Escherichia coli growth ;while 242 (74%) samples were negative for the 

microbial growth or no growth .  

 

4.1.4 Identification of E. coli by using api-20E  

 To confirm the diagnosis of  E. coli isolates, we used api-20E kits which 

characterized by easy and fast diagnosis to confirm the results of the 

biochemical tests .figure (4-1)  shows the api-20E test. The isolates distribution 

after the identification by about 25(25.0%),  as positive cases for growth of E. 

coli  from 100 meat samples. out of 100  milk samples were collected 

;17(17.0%)were positive for E. coli, and 100 samples of cheese were 

collected;13(13.0%) from this value as positive cases of E. coli growth as shown 

in table (4-2). 
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Figure (4-1) Identification of E. coli by using Api-20E system 
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Table (4-3) Number of samples , number of E. coli isolates , and  their 

percentage according to the biochemical and Api-20E tests. 

% No. of positive 

cases 

No. of cases Source of samples 

 

 

 

25.0 

 

25 

 

100 

 

Meat 

 

 

17.0 

 

17 

 

100 

 

Milk 

 

 

13.0 

 

13 

 

100 

 

Cheese 

 

 

55 

 

55 

 

300 

 

Total 

 

 

4.3 Results of Screening by PCR for Virulence Factor 

4.3.1 Detection of the Whole DNA  

The purified DNA was detected by electrophoresis (80 V) in 1% agarose gel 

with ethedium bromide. Methylen blue (loading dye) stain was added to the 

DNA sample and visualizes the DNA by the UV light as found in (Figure 4-2). 
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Figure (4‐2) Total DNA extraction from Escherichia coli isolates 

                  M             1                2                3               4                 5               6               7                8           

Totale 

DNA

  

  

 4.3.2 Detection of virulence factor diarrheagenic E. coli genes by polymerase 
chain reaction (PCR) analysis 

Screening for virulence factor genes among the isolates of Escherichia coli 

included in this study was done by polymerase chain reaction (PCR).The 

amplification products were identified as virulence factor from their size in Et-

Br-stained agarose  gels. 

4.3.2.1 Detection rfbO157 gene size (259 bp) encoded for STEC    

   rfbO157  was gene encoding for the rfbO157 somatic STEC group, testing was 

conducted to replicate DNA chain by using the primer for the rfbO157 gene size 

(259 bp) which is located in the chromosomal region, this gene was confirmed 

diagnosis E. coli belonging to STEC group . After making PCR reaction and 

electrophoresis for products on agarose gel at concentration (1.5%) and 

visualized by UV light appeared bundle with molecular size 259 base pairs .This 

gene was identified in about 7/55(12.7%)of E. coli isolates. While 

48/55(87.27%) isolates were  negative to this gene ,as shown  in figure (4-3). 

These values included meat 4(16%), milk 2(11.7%), cheese 1(7.6%) as shown in 
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table (4-4). The results appear a high percentage in the meat sample and a low 

percentage in the cheese samples. 

Table (4-4):The total isolates of Escherichia coli ,the positive number of isolates 

to rfbO157 gene , and their percentage. 

 

 

Figure (4-3):  PCR products of ( 259bp)  rfbO157 gene on (1.5%) agarose gel 

for 45 minute and 70 V. Lane M:  DNA ladder100 bp. Lanes 1,3,4,5,7 and 8: 

positive results to rfbO157gene. Lane 2and 9: negative result .  lane 6 control 

negative. 

% rfbO157 gene positive E. coli isolates Source of isolates 

16 4 25 Meat 

 

11.7 2 17 Milk 

 

7.6 1 13 Cheese 

 

  

7 

 

55 

 

Total 
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4.3.2.2 Detection of eaeA gene (229 bp) size that encoded for EPEC 

group 

In this study  by using polymerase chain reaction PCR with the primer of eaeA 

gene (229 base pairs) it was appeared that 18 isolates of E. coli possess eaeA 

gene, which include meat 6(24%) samples, milk 5(29.41%) samples, cheese 

7(53.84%) samples as shown in table (4-5) and Figure (4-4). It is clear from the 

results that the high percentage appears in milk product while the low 

percentage appears in meat. 

Table (4-5): Total isolates of E. coli ,positive sample  to eaeA gene , and the 

type of samples. 

 

% 

 

 

eaeA  gene positive 

 

E. coli isolates 

 

Source of isolate 

 

24 6 25 Meat 

 

29.4 5 17 Milk 

 

53.8 7 13 Cheese 

 
  

18 

 

55 

 

Total 
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Figure (4-4):  PCR products of  (229bp)    eaeA gene on (1.5%) agarose gel for 

45 minute and 70 V. Lane M:  DNA ladder100 bp. Lanes 1,2,4,5,7 and 8: 

positive results to eaeA gene. Lane 3and 9: negative result .  lane 6 control 

negative. 

 

4.3.2.3 Detection the bfpA gene size (450 bp) encoded for EPEC 

group 

bfpA primer(450bp) using in PCR reaction to detect the presence of this gene 

which retired to enteropathgenic E. coli . gel electrophoresis appears the bundle 

of this gene at about  8 isolates of E. coli these include meat 2(8%) isolates, milk 

2(11.76%) isolates and cheese 4(30.76%) isolates; as it clear from the results 

cheese posses the high value while milk posses the low value of the gene as 

shown in table (4.6) and figure (4.5). 
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Table( 4.6): Total isolates of E. coli ,positive sample to bfpA gene , and the type 

of samples. 

% bfpA gene positive E. coli isolates Source of isolates 

 

8 2 25 Meat 

11.76 2 17 Milk 

 

30.76 4 13 Cheese 

 

 8 55 Total 

 

 

 
Figure (4-5):  PCR products of  (450bp)    bfpA gene on (1.5%) agarose gel for 

45 minute and 70 V. Lane M:  DNA ladder100 bp. Lanes 1,2,3,4,5,7 and 8): 

positive results to bfpA gene. Lane  9: negative result .  lane 6 control negative. 
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4-3-2-4 Detection the ial gene size(320) encoded for EIEC group  

 To find out whether this gene really exists, it was used ial primer (320 bp) and 

the picture of gel electrophoresis appears  that 7 isolates of E. coli have ial  gene 

these include meat 2(8%) isolates, milk 2(11.7%) isolates, and cheese 3(23.07%) 

isolates as shown in table (4-7) and figure (4-6). 

 

Table( 4-7 ): Total isolates of E. coli ,positive sample  to ial gene , and the type 

of samples. 

 

% 

 

ial gene positive 

 

E. coli isolate number 

 

Source of isolates 

 

8 

 

2 

 

25 

 

Meat 

 

11.7 

 

2 

 

17 

 

Milk 

 

23.07 

 

3 

 

13 

 

Cheese 

  

7 

 

55 

 

Total 
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              M             1                  2                  3              4                   5                   6                    7                  8 
 
 
 
 
 
 

2000bp 
1000bp 

700bp 

500bp 
400bp 

300bp 

200bp 

 

100bp 

 

Figure (4-6):  PCR products of  (320bp)    ial gene on (1.5%) agarose gel for 45 minute and 70 V. Lane M:  

DNA ladder100 bp. Lanes 1,2,4,5 and 8):   positive results to ial  gene. Lane 7and 9: negative result .  lane 6 

control negative. 

320bp 

 

 

 

4.3.2.5 Detection of CVD342 gene size (630) encoded for EAEC 

group 

In this study, it was used the primer of CVD432 size (630)in the PCR reaction 

where the results of gel electrophoresis  showed that 6 isolates of E. coli have 

CVD342  gene these include meat 2 (8%) isolates, milk 2 (11.7%) isolates, and 

cheese 2 (15.3%) isolates. The high percentage retired for cheese and milk while 

the low percentage retired to meat  as shown in table (4-8) and figure (4-7). 
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Table( 4-8 ): Total isolates of E. coli ,positive sample  to CVD432 gene , and the 

type of samples. 

 

Source of 

isolate 

 

E. coli isolate number CVD342 gene positive % 

 

Meat 

 

 

25 

 

2 

 

8 

 

Milk 

 

 

17 

 

2 

 

11.7 

 

Cheese 

 

 

13 

 

2 

 

15.3 

 

Total 

 

 

55 

 

6 
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2000bp 

1000bp 

600bp 

500bp 

300bp 

200bp 

100bp 

  M                 1                2                3              4             5                6             7               8             9 

630bP 

Figure ( 4-7):  PCR products of (630bp)  CVD342 -gene on (1.5%) agarose 

gel for 45 minute and 70 V. Lane M:  DNA ladder100 bp. Lanes 1,2,3,4,5 

and 8): positive results to CVD342 gene. Lane 7and 9: negative result .  lane 

6 control negative. 

 

4.3.2.6 Detection of STLa  gene size (170bp) encoded for ETEC group 

 It was used the polymerase chain reaction PCR to the DNA chain with the 

primer of STLa in the size (170 bp) and after the gel electrophoresis and 

visualized by UV light, it was appear contain  9 isolates of E. coli have STLa  

gene these include meat 3(12%) isolates, milk 3 (17.6%) isolates, and cheese 3 

(23.07%) isolates  as shown in table (4-9) and figure (4-8). 
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Table( 4-9 ): Total isolates of E. coli ,positive sample  to STLa gene , and the 

type of samples. 

 

Source of isolates 

 

 

E. coli isolate 

number 

 

STLa gene positive 

 

% 

 

Meat 

 

 

25 

 

3 

 

12 

 

Milk 

 

 

17 

 

3 

 

17.6 

 

Cheese 

 

 

13 

 

3 

 

23.07 

 

Total 

 

 

55 

 

9 

 

 

 

 

 

 

 



Results    Chapter	four	
  

72 
 

 

Figure (4-8):  PCR products of  (170bp)    STLa gene on (1.5%) agarose gel for 

45 minute and 70 V. Lane M:  DNA ladder100 bp. Lanes 1,2,3,5,7 and 8): 

positive results to STLa gene. Lane 4and 9: negative result .  lane 6 control 

negative. 

4.4 Antibiotic susceptibility testing 

  Antimicrobial susceptibility testing was based on the disk diffusion method as 

recommended by the Clinical and Laboratory Standard Institute (CLSI) 

guidelines(2014),this susceptibility of all E. coli isolates was performed on 

Muller Hinton agar by modified Bauer and Kirby disc to detect whether the 

bacteria was resistant ,intermediate or sensitive to the different antibiotics used 

against negative isolates like family Enterobacteriaceae such as  E. coli . 

All Escherichia coli isolates (n=55) were screened against eleven antimicrobial 

agents belonging to several structurally diverse classes .Results show that 

isolates varied in their resistance and sensitivity to the antibiotics. 

Overall isolates of Escherichia coli in this study were highly 

susceptible to carbapenems such as imipenem (100%) , aminoglycoside such as 

netilmicin (100%) and gentamycin (100%) , chloramphenicols such as 

chloramphenicol (100%) , tetracyclins such as tetracycline (81.8%) , quinolones 



Results    Chapter	four	
  

73 
 

such as ciprofloxacine (72.72%), while it showed low sensitive to naldixic acid 

(56.36%) , and cephalosporins such as cephalothine (100%), while the isolates 

showed high resistant to cefotaxime (45.45%) and cefotriaxone (66.6%) , so that 

in the case of ᵦ-lactamas such as ampicilline, the resistant percentage was 

(67.27%) as show in table (4.10).    

Table (4.10): Antimicrobial drug sensitivity of E .coli isolates from meat , milk , 

and cheese. 

 

Antibiotics Code E. coli isolates (Number =55) 

Sensitive Intermediate Resistant 
No. % No. % No. % 

Ampicillin  AM 10 18.18 8 14.54 37 67.27 

Cefotaxime CTX 15 27.27  5 9.09 25 45.45 

Cefotriaxone CRO 20 36.36 7 12.72 28 66.6 

Cephalothin CEP 55 100  - - - - 

Ciprofloxacine CIP 40 72.72 5 9.09 10 18.18 

Chloramphinicol C 55 100 - - - - 

Gentamicin CN 48 87.27 4 7.27 3 5.45 

Imepinim IPE 55 100 - - - - 

Naldixic acid NA 31 56.36 12 21.81 12 21.81 

Netilmicin NET 55 100 - - - - 

Tetracyclin TE 45 81.8 3 5.45 7 12.72 
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5.1 Isolation and identification of E. coli 

E. coli is the most common species of facultative anaerobe found in the 

gastrointestinal tract of both human and animals and the most commonly 

encountered pathogen in the enterobacteriaceae family ,therefore the presence of 

such organism in foods is indicative of fecal pollution (Soomro et al., 2002; 

Benkerroum et al., 2004). 

 The results presented that E. coli was isolated within a percentage of (17%)  

from milk, Nearly similar results were reported by ( Rajeev and Amit., 2010) 

who found that out of all milk samples examined the highest contamination was 

recorded from the milk collected from vendors (26%) followed by dairy farms 

(20%) , while (Ali AA, Abdelgadir.,2011;Gwida and El-Gohary., 2013) isolated 

E. coli from raw milk  in a percentage of 63% and 41.2% respectively . lower 

results were recorded by (Kivaria et al , 2006) who detected E. coli in (6.3%) of 

the examined raw milk samples. 

Although global importance of E. coli as a causative agent for diarrheal illness 

has decreased markedly over the past 50 years following the implementation of 

improved sanitary practices , it is still the major cause of illness in under 

developed nations (Ryser.,1998). 

 The higher incidence of E. coli in market milk than bulk farm milk may be due 

to that bulk farm milk is mainly transported directly to the dairy plant for 

processing while market milk is usually collected from small farms or farmers, 

therefore, it will be liable to cross contamination by different ways as mixed 

fresh clean milk with unclean milk by hands of workers , containers of 

transportation or contaminated water used for cleaning utensils could be source 

for contamination (Murphy and Boor .,2000).  

  Prevalence of E. coli reported (13%) in cheese, the similar result (12.9%) in 

cottage cheese  was reported by ( Singh and Prakash,  A. 2008) and (16.6%)   in 
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cheese was reported by ( Farzan et al.,  2012). while it dissimilar to the result  

(29.2 %) in cheese which recorded by ( Fadel et al., 2009). Higher prevalence 

(96 %) in cheese was reported by ( Paneto et al.,  2007). The presence of this 

pathogen in milk products proved to be variable and these variation may be due 

to geographical location ,season , farm size , number of animals on the farm , 

hygiene status, farm management practices ,variation in sampling , variation in 

types of samples evaluated and differences in detection methods (Levine, 1987; 

Donnenberg and Kaper , 1992;Vallance and finlay ,2000;De Buyser et al., 

2001; Jelacic et al .,2003). 

E. coli, which are normal flora of the human and animal intestine, have been 

identified as a leading cause of food borne illness all over the world. E. coli 

strains previously have been isolated from meat samples and also have been 

implicated in the contamination of vegetables such as lettuce (Hilborn et al., 

1999; Enabulele and Uraih., 2009). 

 In this study, the incidence of E. coli was (25%) in raw meat.  This was lower 

than that reported by other authors (Al-Gallasa et al., 2002; Hussein and 

Sakuma., 2005; Temelli et al., 2012); while it was higher than that reported by 

(Abdul-Raouf et al., 1996; Heuvelink et al., 1998; 1999; Dontorou et al., 2003). 

It disagree with the report of ( Balcha et al., 2014) in which prevalence of E. coli 

was (62.5%), while in agreement with ( Mohammed et al., 2014) who reported 

that the prevalence of E. coli in meat was (17.29%) . This result was also agree 

with the report of ( Taye et al., 2013) in which the overall prevalence of carcass 

contamination with E. coli was (30.97%) . There are many factors affecting the 

differences in prevalence rates among studies; these differences are mainly 

related to samples and sampling (type, source/location and initial bacterial load), 

environmental and seasonal factors and the detection methodology used 

differences in hygienic status abattoir (source of samples)  (Temelli et al., 2012). 
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Usually high incidence is attributing to behavior of slaughtering and 

manipulation of food before reaching the market . 

4.2 Detection of  diarrheagenic E. coli virulence genes by PCR 

 Diarrheagenic E. coli is known to cause not only infectious disease but also 

food-borne outbreaks . Diarrheagenic E. coli is mainly divided into five major 

categories , namely; enterohemorrhagic E. coli (EHEC), enterotoxigenic E. coli 

(ETEC), enteropathogenic E. coli (EPEC), enteroaggregative E. coli (EAEC), 

and enteroinvasive E. coli (EIEC) (Nataro and Kaper., 1998). 

  However, these five categories of DEC cannot be distinguished by colony 

formation on agar media. Thus it is necessary to carry out further test to detect 

each specific virulence factor. 

 In the present study , six genes, (CVD342 for EAEC, STLa for ETEC, bfpA for 

EPEC, ial for EIEC, eaeA for EHEC, O157 for STEC ) have been studied by 

using polymerase chain reaction PCR assay (Czeczulin et al., 1999; Nataro and 

Kaper., 1998; Panchuk-Voloshina et al.,1999). 

 Dairy products were the samples that was most frequently contaminated by 

DEC bacteria followed by meat samples. It is therefore reasonable to speculate 

that the source of contamination could be the result fecal contamination of those 

products . For example, the cheese industry is artisanal , so producers regularly 

manipulate their products with their bare hands , or may be the same pair of 

gloves , from the beginning of the production process until the final products are 

shipped (Nataro and Kaper  .,1998;Stell.et.al.,2012). 

  The first DES strain was  Eneropathogenic E. coli(EPEC) strains are defined as 

intimin-containing diarrhoeagenic E. coli without stx genes(Kaper., 1996). 

EPEC strains may be either typical , producing bundle forming pili (encoded by 

the bfpA gene) that mediate localized adherence on cultured epithelial cells or 
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atypical , which are negative for these appendages but show localized like 

adherence, diffuse adherence or aggregative adherence patterns (Trabulsi et al., 

2002) . 

 The EPEC pathotype was classified as typical if the strain possessed, the E. coli 

adherence plasmid (EAF) and the bfpA encoding the structural subunit of BFP. 

E. coli strains that do not possess the EAF plasmid or bfpA gene classified as 

atypical EPEC (Trabulsi et al ., 2002) .  

 The ratio of EPEC in our study was ( 40%)  this is in agreement with another 

study in Iran,( Alikhani et al., 2013)  that reported the most frequently identified 

DEC was EPEC (47.5%). While it  disagree with (Usein et al., 2009)  who 

showed that (9%) of the isolates carried EPEC isolates . The reason for different 

rates of identification of the EPEC may be due to health status in various areas   

(Albert et al., 1995) . The tEPEC( eaeA+, bfpA+)   in our testing were  (18.18%) 

, it is in agreement with ( Canizalez-Roman et al., 2013)who showed that 9 

strains (20%) were tEPEC. Whereas the  prevalence of aEPEC ( eaeA+/ bfpA-)  

was (63.63%),This ratio agreement with result   in three Iranian Provinces, 

Tehran, Ilam and Mazandaran as a reservoir for intimin gene positive E. coli 

types showed that (40.5%) and (20.0%) of harbored eaeA gene respectively( 

Alikhani MY et al., 2006), While it disagree with ( Samira Badri et al.,2008) in 

which prevalent of aEPEC (eaeA+ without bfpA) was (11%), also the ratio of 

aEPEC( bfpA+ without eae) was 4( 18.18%)  . The ratio of aEPEC  also was 

higher than that reported in other studies (Dhanashree and Mallya, 2008; 

Sharifi-Yazdi, 2011), while it is in agreement with ( Cristina Rugeles et al., 

2010) who showed that bfpA+ is in the ratio (10.7%). Until the 1990s, typical 

EPEC strains were more commonly isolated than atypical EPEC , Though 

recent studies have indicated that the prevalence of typical EPEC strains has 

decreased and that they are gradually being replaced by atypical EPEC (Trabulsi 

et al., 2002). This bacterial burden in food samples may be related to the 
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potential of atypical EPEC strains to cause human disease. For example , a 

recent paper by ( Estrada-Garcia et al ., 2009) reported that the prevalence of 

atypical and typical EPEC strains isolated from cases of diarrhea in children 

from Mexico was (44.5%) and (10%) respectively. Similarly , studies in Peru 

(Contreras et al., 2010), Brazil (Nunes Mdo et al.,2012), Japan (Yatsuyanagi et 

al., 2003) and Australia (Nguyen  et al., 2006)  have reported  an increase in 

diarrheal cases due to atypical EPEC , suggesting that atypical EPEC is an 

emerging  diarrheagenic pathogen , not only in developing countries , but also in 

industrial countries. 

 The second  DES strain that was detected was EAEC ;EAEC strains were also 

further classified as typical and atypical . The term typical or atypical EAEC 

refers to strains harboring or lacking the gene encoding the transcriptional 

regulator AggR ,  respectively some studies have demonstrated an association of 

typical EAEC with diarrhea (Estrada-Garcia et al., 2009; Huang et al., 2006). 

While the pathogenicity of atypical EAEC has not been fully elucidated , these 

strains have been associated with food-borne outbreaks (Cobeljic et al., 1996) 

and clearly have been associated with a massive outbreak of gastrointestinal 

illness in school children from Japan (Itoh et al., 1997), Brazil (Regua-Mangia 

et al., 2009), and other developing countries (Bangar and Mamatha, 2008; 

Scavia.et.al.,2008).  

Our study reported ( 10.90%) of isolated having CVD432. Our finding is agree 

to those which reported by( Aranda et al.,  2004;  Ifeanyi et al.,  2015; Aslani et 

al.,  2011) in which they found that the rate of EAEC was 2%, 2% and 10.7%, 

respectively; while it is in disagreement with (Adjéhi Dadie et al., 2014) who 

showed that the rate of EAEC was ( 36%)  . The EAEC pathovars would 

therefore be most frequently involved in human diarrhea in our environment. 

This observation not only confirms our previous results, but also shows the 

emerging nature of this pathovar, as reported by other authors (Veilleux and 
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Dubreuil., 2005; Franck et al., 2011). It is also known that EAEC play a special 

role in chronic diarrhea in people with HIV/AIDS infection (Kelly et al., 2003; 

Gassama-Sow et al., 2004). The high proportion of these pathovars in human 

strains studied may be due to the fact that food from animal origin is a reservoir 

for this gene(Cohen et al.,2005). 

Another important DEC that was evaluated in this study was enterohemorrhagic 

E. coli , also known as Shiga-toxin producing E. coli (STEC). EHEC is a group 

of well-recognized pathogens that are responsible for serious human infectious 

such as hemorrhagic colitis and hemolytic-uremic syndrome (Law, 2000;  

Nataro and Kaper, 1998). The most important serotype of these group was 

O157:H7, This serotype is the most frequent EHEC that is implicated in food-

borne outbreaks worldwide(Mead and Griffin., 1998).  

Our study detected rfbO157 in (12.72%)  of food samples; only(12.12% ) 

showed hybridization between eae and rfbO157 genes  . A study at an abattoir in 

northern England revealed a prevalence of 15.7% (752 out of 4800) E. coli 

O157 in cattle prior to slaughter  ( Chapman et al., 1997). In a nationwide  

Dutch study , 10.6% (57 out of 540) of fecal samples from adult cattle collected 

at the major abattoir were positive for E. coli  O157 ( Heuvelink et al., 1998) . 

Another nationwide study performed in Finland at 14 major abattoir revealed 

that 1.31% ( 19 out of 1448) were E. coli O157.Isolation rate of our study was 

higher than that of the reported studies conducted in European countries. This 

strain has been isolated from beef carcasses at a slaughter plant in Mexico 2.7% 

(7/258)  (Varela-Hernandez et al., 2007). Moreover , between 2009 and 2010 

six cases of disease produced by E. coli O157:H7 reported by the Public Health 

Agency in Canada (PHAC), affected Canadian travelers whom had recently in 

Mexico; The implicated food was not detected (PHAC., 2009, 2010).The reason 

of this discrepancy might be due to the differences in the examined geographical 

regions in the studies according to the climate or different methodologies used 
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for the isolation of E. coli O157. The higher frequency may be due to 

differences in the composition of the gastrointestinal flora resulting from 

differences in diet ( Heuvelink et al., 1998), also the isolation rate of O157 

varied through  the monthly isolation it has been observed to be highest during 

the warm months in parallel to reported human infections ( Griffin and Tauxe., 

1991) in UK, (Chapman et al., 1997) observed the highest isolation rate in 

spring and late summer , while in Finland  the highest isolation rate was in July  

and September. ( Bonardi et al., 1999) observed high isolation rate of  E. coli 

O157 during the warm months. As we saw in our result, the high percentage of 

gene found in the meat, this is me be because the minced meat is contaminated 

during slaughter and salting and mixed with other during chopping , it cannot 

distinguish the meat contaminated with bacteria in its shape , color, and odor 

therefore it is difficult to distinguished between contaminated and non 

contaminated meat ( Stephen and Nduka., 2009). Also , may be confirmed that 

young animals are the most important reservoir of highly pathogenic eae STEC ( 

Blanco et al., 2001; Blanco et al., 1996; Blanco et al., 1997).          

 Another DEC pathotypes group was ETEC, The ETEC was established as a 

causative pathogen of diarrhea in developing countries (Al-Gallas N et al., 

2007). Several countries in the world, including Bangladesh, Egypt and Mexico, 

have reported ETEC as the most common cause of diarrhea among all E. coli 

intestinal pathotypes (Gomez-Duarte et al., 2013, Presterl et al., 2003 & Moriel 

et al., 2012). 

 In the present study, ETEC were detected in  (16.36%) isolates. Our finding is 

dissimilar to that reported by ( Pejman Abbasi et al., 2013), in which they found 

that the rate of STLa was 50%,  simultaneously. Our finding is similar to the 

results of the study by ( Jafari et al., 2008), in Tehran. ETEC strains are  

associated with two major clinical syndromes ; weanling diarrhea among 

children in the developing world , and traveler's diarrhea. Traveler's diarrhea is 
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usually contracted from contaminated food and water ( Black., 1990; Mattila., 

1994). Several studies have shown the importance  of ETEC in infections among 

the tourists visiting Asia , Africa and south America  ( Adachi et al ., 2001; 

Daniels., 2006; Daniels et al.,2000). 

Despite the role of food as vehicle of ETEC in outbreaks and sporadic diarrheal 

cases worldwide , in the present study this category of diarrheagenic E. coli was 

determined  in (16.36%) of potentially virulence isolates. The rate of isolation of 

the ETEC reported by( Wolk et al., 1995)  and( Viboud et al., 1999) was 20.7% 

and 18.3%, respectively. In studies conducted by ( Hegde et al., 2012) and ( 

Nguyen et al., 2005) the rate of isolation of the ETEC was 3.5% and 2.2%, 

respectively . it is clear from  the  percentage  of our  study that gene value high  

in each cheese and milk samples ,This might be indication that E. coli strains 

associated with mammary gland infections (Blum et al., 2008). 

The last group of DEC was EIEC , EIEC was responsible for several outbreaks 

but there are few reports on routes of transmission and distribution of this 

bacterium in nature . water and cheese were described as potential sources  

(Borian  et al., 1959 – Valentini et al., 1992) as well as the direct transmission 

through person to person contact ( Harris et al., 1985) . In the 1970, a major 

outbreak of diarrhea  was reported in the united states , which affected 387 

patients  the transmission vehicle  was an imported cheese ( Marier R et al., 

1973). According to the food and drug control agency of the United States ( 

Food and Drug Administration –FAD), Outbreaks caused by EIEC have been 

associated with milk and milk products and beef; however, any food or water 

contaminated with human feces of an individual patient can cause disease in 

other individuals ( FAD., 2009) . In Brazil , there is a report of three samples 

isolated from water ( Valentini SR et al., 1992) . Outbreaks involving two EIEC 

were recently reported in Europe , one in Italy in 2012 involving 109 cases and 
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the other one is in United Kingdom in 2014 involving 50 cases (Michelocc V et 

al., 2016 , Newitts et al., 2016) .  

Our findings  reported  from 55 isolates of E. coli, (12.72%) were EIEC. This 

result is disagree with  the study reported by (  Hegde et al., 2012) who reported 

a prevalence of EIEC in 1.5%  isolates in India. In Calcutta the prevalence of 

EIEC was 16.3% ( Chaterjee et al., 1984) , while in Thailand , China and other 

Asian countries, a prevalence of 4 to 7% has been seen ( Echeverria P et al., 

1992- Taylor DN et al., 1986).  In Bolivia, the report showed a 2% prevalence ( 

Utsunomiya A et al., 1995), The isolation of EIEC in Brazil has ranged from 

0.5% to 15% depending on the population investigated ( Almeida MTG et al., 

1998- Oliveira MG et al., 1989). The data suggest that the presence of EIEC is 

related to socioeconomic conditions ( Toledo and Trabulsi , Toledo et al., 1990). 

We found that ETEC was the major (16.36%) DEC in our study which agree 

with ( Shaheen et al., 2009) in Egypt who found that the major DEC was ETEC 

(60.4%). 

5.3 Prevalence of antibiotic sensitivity of E. coli 

In present  investigation among 55 E. coli isolates from milk , cheese ,and meat 

the highest sensitivity was recorded for imipenem (100%) , cephalothine 

(100%), chloramphenicol (100%), netilmicin (100%) , gentamycine (87.27%), 

tetracycline (81.8%), ciprofloxacine (72.72%), and naldixic acid (56.36%).  This 

finding agrees with the work of (Hiko et al., 2008; Osaili et al., 2013). However, 

the study conducted in Saudi Arabia (Naser and Wabel, 2007), revealed that 

there was resistant strain to the drugs such as Tetracycline, Nalidixic acid,  

gentamycine, , Ciprofloxacin and Chloramphenicol. Also our results to those of 

previous reports associated with mastitis infectious (Fazlani et al., 2011; 

Mshelia et al., 2014) .This variation probably attributed to the expression of 

resistant gene code by the pathogen which associated with emerging and re 
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emerging aspects of the isolates with the regards of different agro ecology 

(Reuben and Owuna, 2013). 

 On the other side, the current study revealed that all isolates were highly 

resistant to Ampicillin (67.27%), cefotaxime (45.45%), and cefotriaxone 

(66.6%) . Similar findings were reported by many researchers (Mora et al., 

2005;Srinivasan et al., 2007;Taye et al., 2013). Also previous study showed 

resistance in isolates of E. coli to ampicillin from food of animals origin in Tunis 

(Jouini et al., 2009) and isolates from raw meat in Iran ( Momtaz et al., 2013). 

However, resistance to Ciprofloxacin and Naldixic acid observed in our study ( 

18.18% and  21.81% respectively ) that agree with earlier reports of ( Jouini et 

al., 2009) who found 18% and 33% of naldixic acid and ciprofloxacin 

respectively in E. coli isolates .  This might be due to the use of inappropriate 

antibiotics for treatment of diseases (Sharada et al., 2010) and also excessive 

use of antimicrobials for therapeutic and prophylactic treatment (Majalija et al., 

2010). On the other hand, resistance to gentamicin ( 5.45%) observed in our 

results disagree with the study of ( Momtaz et al., 2013) who found a higher 

resistance to gentamicin among E. coli isolates . The difference in antimicrobial 

resistance results observed in our study may be due to overuse of antimicrobial 

drugs in both human and animal medicine therefore it is thought to be the main 

cause of the increase in bacterial resistance ( Szmolka et al., 2013).      
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Conclusions 

According to the results obtained in this study, the following 

conclusions maintain : 

1- The frequency of E. coli isolation from meat was more than 

those isolated from milk and cheese. 

2- The investigation including the use of molecular technique is 

necessary to allow accurate identification and epidemiological 

study of these pathogens. 

3- The predominant virulence genes were ETEC and EPEC 

among diarrheagenic E. coli isolated in this study. 

4- Shiga-toxigenic Escherichia coli isolated in this study was 

high in meat than in milk and cheese. 

5- The vast majority of the tested E. coli isolates were sensitive 

to the most antibiotic used in this study.     
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Recommendations	 	
1- Establish awareness classes for the public people, meat sellers and chefs 

about the dangers of food contamination and the measures that should be taken 

to avoid such contamination. 

2- Improvement of method  and hygienic of meat processing in the 

slaughterhouse and milk product processing . 

3- Studying virulence genes of diarrheagenic E. coli extensively. 

4- Awareness to the use of  antibiotic as an animal food booster , causing 

mutant, resistant or virulent strains. 
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  الخلاصة

القولونيѧѧة المسѧѧببة للإسѧѧھال مѧѧن اللحѧѧوم النيئѧѧة والحليѧѧب  الايشريشѧѧيا بكتريѧѧا اجريѧѧت الدراسѧѧة لعѧѧزل

والجبن,والكشѧѧف عѧѧن جينѧѧات الضѧѧراوة باسѧѧتخدام تفاعѧѧل البلمѧѧرة المتسلسѧѧلة والبحѧѧث عѧѧن انمѧѧاط 

,  حليѧѧب خѧѧام 100,  لحѧѧوم نيئѧѧة 100عينة تتѧѧألف مѧѧن   300حساسيتھا للمضادات الحيوية. تم جمع

ومحلات الجزارة الواقعة حول ذي قار , تحت الاحتياطѧѧات  , , جمعت من باعة الحليب جبن 100

 MacConkey brothالمعقمة . لاغنѧѧاء الكѧѧائن مѧѧن العينѧѧات التѧѧي تѧѧم جمعھѧѧا , تѧѧم اسѧѧتخدام وسѧѧط 

. لاحقѧѧا , لتأكيѧѧد العѧѧزلات  اجريѧѧت  EMBوMacConkey agar وتم اجراء التلقѧѧيح علѧѧى وسѧѧط 

,  urease, اختبѧѧار  IMViCعلѧѧى سѧѧبيل المثѧѧال اختبѧѧار  الكيموحيويѧѧةجموعѧѧة مѧѧن الاختبѧѧارات م

. نمѧѧط حساسѧѧية الايشريشѧѧيا القولونيѧѧة للمضѧѧادات الحيويѧѧة تѧѧم تقييمھѧѧا  Api-20Eواختبѧѧار نظѧѧام 

القولونيѧѧة تѧѧم فحصѧѧھا للبحѧѧث عѧѧن جينѧѧات  بواسطة طريقة نشر القرص . اخيرا عزلات الايشريشѧѧيا

الضѧѧراوة باسѧѧتخدام تقنيѧѧة تفاعѧѧل البلمѧѧرة المتسلسѧѧلة . لѧѧوحظ انتشѧѧار الايشريشѧѧيا القولونيѧѧة بنسѧѧبة 

في الجѧѧبن . الحساسѧѧية  %13في الحليب ,  %17, في اللحم  %25في العينات وبواقع   16.81%

,  %100, تبعѧѧه مضѧѧاد سѧѧيفالوثين  %100للمضادات سجلت بنسبة عالية لمضاد الاميبينѧѧيم بنسѧѧبة 

, سايبروفلوكساسѧѧѧѧѧѧѧين  %81.8تتراسѧѧѧѧѧѧѧايكلين ,  %100, نتيلمايسѧѧѧѧѧѧѧين  %100كلورامفينيكѧѧѧѧѧѧѧول 

. بينما ھذه المضادات الاخيѧѧرة  %56.36, حامض النالديسيك  %87.27, جنتامايسين  72.27%

السيفترايكسѧѧون ,  %45.45, السѧѧيفوتاكزام  %67.27سجلت فيھا نسبة مقاومѧѧة وھѧѧي الامبيسѧѧيلين 

عزلѧѧة بنسѧѧبة  7ا القولونيѧѧة كѧѧان ھنѧѧاك يعزلѧѧة للايشريشѧѧ 55. فѧѧي ھѧѧذه الدراسѧѧة , مѧѧن بѧѧين  66.6%

كانѧѧت ايجابيѧѧة للحѧѧوم , فѧѧي حѧѧين  %16عزلات بنسѧѧبة  4, منھا rfbO157موجبة ل جين  12.7%

 18ايجابيѧѧة للجѧѧبن .  %7.6عѧѧزلات بنسѧѧبة  1ايجابيѧѧة للحليѧѧب , و  %11.7عزلات بنسبة  2كانت 

 5وموجبѧѧة للحѧѧم ,  %24عѧѧزلات بنسѧѧبة  6: مѧѧن بينھѧѧا  eaeAموجبة لجين  %32.72عزلة بنسبة 

 8موجبѧѧѧة للجѧѧѧبن .  %53.84عѧѧѧزلات بنسѧѧѧبة  7موجبѧѧѧة للحليѧѧѧب , و  %29.41عѧѧѧزلات بنسѧѧѧبة 

بنسѧѧѧبة  2موجبѧѧѧة للحѧѧѧم , و %8بنسѧѧѧبة  2: منھѧѧѧا   bfpAموجبѧѧѧة لجѧѧѧين  %14.5عѧѧѧزلات بنسѧѧѧبة 

عزلѧѧѧѧة بنسѧѧѧѧبة  7موجبѧѧѧѧة للجѧѧѧѧبن .  %30.76لات بنسѧѧѧѧبة عѧѧѧѧز 4موجبѧѧѧѧة للحليѧѧѧѧب , و  11.76%

 %11.7عѧѧزلات بنسѧѧبة  2موجبة للحѧѧم ,  %8عزلات بنسبة  2: منھا  ialموجبة لجين  12.72%

موجبѧѧة  %10.90عزلѧѧة بنسѧѧبة  6 موجبѧѧة للجѧѧبن . %23.07عѧѧزلات بنسѧѧبة  3موجبѧѧة للحليѧѧب , و

موجبѧѧة  %11.7عѧѧزلات بنسѧѧبة  2موجبѧѧة للحѧѧم , و %8عزلات بنسѧѧبة  2: منھا  CVD432لجين 

موجبѧѧة لجѧѧين  %16.36عزلѧѧة بنسѧѧبة  9موجبѧѧة للجѧѧبن .  %15.3عѧѧزلات بنسѧѧبة  2للحليѧѧب , و 



STLa  م , و %12عزلة بنسبة  3: منھاѧѧبة  3موجبة للحѧѧزلات بنسѧѧب , و  %17.6عѧѧة للحليѧѧموجب

  موجبة للجبن. %23.07عزلات بنسبة  3
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