CHAPTER-I

INTRODUCTION

Escherichia coli (E. coli) is an aerobic, Gram-negative, rod shaped bacteria that can be commonly found in animal feces, lower intestines of mammals. They prefer to live at a higher temperature rather than the cooler one. E. coli was first discovered in 1885 by Theodor Escherich, a German bacteriologist. It has since been commonly used for biological lab experiment and research. E. coli is a Gram-negative organism that cannot sporulate. E. coli usually remains harmlessly confined to the intestinal lumen; however, in the debilitated or immunosuppressed host, or when gastrointestinal barriers are violated, even normal “nonpathogenic” strains of E. coli can cause infection. Moreover, even the most robust members of a species may be susceptible to infection by one of several highly adapted E. coli clones which together have evolved the ability to cause a broad spectrum of animal and human diseases. Infections due to pathogenic E. coli may be limited to the mucosal surfaces or can disseminate throughout the body (James and James, 1998). E. coli can also be classified into hundreds of strains on the basis of different serotypes. Serotyping of E. coli occupies a central place in the history of these pathogens (Lior, 1996). Prior to the identification of specific virulence factors in diarrheagenic E. coli strains, serotypic analysis was the predominant means by which pathogenic strains were differentiated. In 1933, Adam showed by serologic typing those strains of “dyspepsiekoli” could be implicated in outbreaks of pediatric diarrhea. In 1944, Kauffman proposed a scheme for the serologic classification of E. coli which is still used in modified form today.

According to modified Kauffman scheme, E. coli are serotyped on the basis of their O (somatic), H (flagellar), and K (capsular) surface antigen profiles (Edwards and Ewing, 1972; Lior, 1996). A total of 170 different O antigens, each defining a serogroup, are recognized currently. The presence of K antigens was determined originally by means of bacterial agglutination tests: an E. coli strain that was inagglutinable by O antiserum but became agglutinable when the culture was heated was considered to have a K antigen. The discovery that several different molecular structures, including fimbriae, conferred the K phenotype led experts to suggest restructuring the K antigen designation to include only acidic polysaccharides (Lior, 1996). Proteinaceous fimbrial antigens have been removed from the K series and have been given F designations (Orskov et. al., 1982). A specific combination of O and H antigens defines the “serotype” of an isolate. E. coli of specific serogroups can be associated reproducibly with certain clinical syndromes, but it is not in general the serologic antigens themselves that confer virulence. Rather, the serotypes and serogroups serve as readily identifiable chromosomal markers that correlate with specific virulent clones (Whittam et al., 1993). E. coli O157:H7, for example, is a well-studied strain of the bacterium E. coli, which produces Shiga-like toxins, causing severe illness by eating cheese and contaminated meat. Furthermore, enteric E. coli can be classified into six categories based on its virulence properties, such as enterotoxigenic E. coli (ETEC), enteropathogenic E. coli (EPEC), enteroinvasive E. coli (EIEC), enterohemorrageic E. coli (EHEC), enteroadherent aggregative E. coli (EAggEC), and verotoxigenic E. coli (VTEC). These enteric E. coli can cause several intestinal and extra-intestinal infections such as urinary tract infection and mastitis. However, E. coli are not always harmful to human bodies or other animals. Most E. coli live in  intestines, where they help  body breakdown the food we eat as well as assist with waste processing, vitamin K production, and food absorption. (James and James, 1998)
Escherichia coli is one of the main inhabitants of the intestinal tract of most mammalian species. Most E. coli are harmless, but small proportions are an important cause of disease worldwide. These potentially harmful E. coli are classified into categories based on the production of virulence factors and on the clinical manifestations that they cause.

Pioneering work in the 1970s demonstrated that certain E. coli strains produced a toxin, which was initially called verotoxin because of its distinct effect on Vero cells (Karmali, 1989). This family of toxins was subsequently also called Shigalike toxins, and more recently Shiga toxins (Stx), because of the close relation to the Stx of Shigella dysenteriae type. The latter nomenclature is now more universally accepted. The category of E. coli strains producing this family of toxins is referred to as both verotoxinogenic E. coli and Stxproducing E. coli (STEC). STEC are commonly found in a wide range of farm and wild animal species and, for the most part, do not seem to cause disease in animals (Caprioli, 2005). However, strains of one subset of STEC are responsible for oedema disease in pigs (i.e. oedema disease E. coli – EDEC), and another group of STEC (i.e. non-O157 enterohaemorrhagic E. coli – EHEC) cause dysentery in young calves. Certain STEC strains are also zoonotic. Infection in humans is mainly associated with the ingestion of foods contaminated with the zoonotic bacteria with clinical signs including watery diarrhoea, haemorrhagic colitis (HC), and/or haemolytic uraemic syndrome (HUS). These strains were originally named enterohaemorrhagic E. coli because of the associated clinical signs. 

Another large subset of STEC strains have been isolated from animals, but have not as yet been associated with disease in animals or humans. The common feature of all STEC is the production of bacteriophage-encoded Stx. These toxins belong to one of two main families, each with several variants.

E. coli strains belonging to over 200 serotypes can express Stx, but within most serotypes both Stx-positive and Stx-negative strains can be found (Nataro & Kaper, 1998). In 1983, STEC strains of serotype O157:H7 were definitively proved to be linked, for the first time, to several major outbreaks of HC and HUS in the United States of America (USA) and Canada. Zoonotic STEC-related disease has been observed worldwide, and in most industrialized countries O157:H7 remains the predominant serotype. In addition, an increasing association has been observed between certain zoonotic non-O157 STEC strains, most often of the serogroups O26, O103, and O111, and outbreaks or sporadic cases of HC and HUS. Cattle are the main reservoir for zoonotic STEC throughout the world.

The advent of selective media and kits for the rapid identification of O157:H7strains have permitted a more accurate assessment of the role of this serotype in human disease outbreaks and the transmission of the infection from animal reservoirs. However, a lack of similar tests for the rapid and easy identification of zoonotic non-O157 STEC and of other STEC, which are found in the intestinal tract of animals but have not yet been implicated in human infections, has impeded assessment of the geographical distribution of these strains, the mode of transmission to humans, and the prevalence of these strains in human outbreaks and in animal reservoirs (Fairbrother & Nadeau, 2006).
Cattle and other ruminants are the most important reservoir of zoonotic STEC, which are transmitted to humans through the ingestion of foods or water contaminated with animal faeces, or through direct contact with the infected animals or their environment. The main sources of STEC infection of cattle on-farm are the drinking water, the feed, and the immediate environment of the animal (Fairbrother & Nadeau, 2006).
Considerable effort has been taken to determine the prevalence of E. coli O157 in cattle and identify possible risk factors for carriage. Moreover, there are many different strains of E. coli; each of these strains differs in its genotype from wild-type E. coli. The genotype can then affect the phenotype that is expressed, and further influences the physiology and life cycle of each strain. Therefore, different strains of E. coli can live in different kinds of animals. The natural biological process of mutation in genomes is the major cause to produce so many different strains of E. coli. In addition, similar to most bacteria, E. coli can transfer its DNA materials through bacterial conjugation with other related bacteria to produce more mutation and add more strains into the existing population.
However, a very little is known on the prevalence of EHEC O157 in cattle reared in Bangladesh and probably little or nothing is published hitherto in the literature on its magnitude in cattle raised in dairy farms in any part of the world including Bangladesh. 
Polymerase chain reactions (PCR) to identify the presence of the major virulent genesin EHEC O157 of different animal and food sources have been optimized and published (Ji-Yeon et al., 2005; Deising and Thompson, 2004; Osek and Gallien, 2002). Because any EHEC O157 strain produces colorless colony on SMAC, relatedness of the strains isolated from large and diverse populations cannot be established just by seeing the colonial morphology. Molecular techniques targeting some of the virulent genes might be useful as alternative tools towards exploration of a clonal relationship of a particular genotype(s) circulated in a population of a defied geo-location. Plasmid profiling might also add some values. However, more sophisticated and a gold-standard molecular diagnostic test, such as Pulsed Field Gel Electrophoresis (PFGE), is needed to discriminate and to establish the clonal relationship of the isolates belonging to the common circulating serotype(s).

Antibiotics are used in cattle even in the rural areas in Bangladesh to control infectious disease. Use of sub-optimal doses is a triggering factor towards the emergence of antimicrobial-resistant E. coli strains which can then be passed on to humans via food or direct contact with infected animals. Recent reports indicate that antimicrobial resistance of E. coli O157 is on the rise (Galland et al., 2001). Because antimicrobials can lyse bacterial cell walls liberating shiga toxins to aggravate any clinical case (Wong et al., 2000), antibiotics are not recommended to treat any hemolytic uremic syndrome (HUS) case in humans, although some recent studies suggested that some antimicrobials, if administered early in the course of infection, might prevent disease progression to HUS (Ikeda et al., 1999). However, examination of antimicrobial resistance for bacterial isolates could also be a phenotypical assay in unveiling clonal diversity of EHEC O157 isolates from a defined population (Zhang et al., 2000).

Bangladesh has a huge cattle population reared in smallholdings and in the commercial dairy farms. The interactions between humans and these dairy farm cattle are very intensive. Therefore, there could be probable transmission of any zoonotic pathogen, such as EHEC O157 from these farm cattle to humans through raw milk and milk products where raw milk is used (e.g. cheese). Baseline information on the rate at which the commercial dairy cattle are harboring this pathogen is necessary before advocating any approach targeting the public from being infected with EHEC O157. 
Cefixime-tellurite added SMAC (CT-SMAC), a primary selective growth medium for EHEC O157, as mentioned above, can be used for assessing the harboring rate of EHEC O157 in commercial dairy cattle in Chittagong, Bangladesh on the basis of colorless colonies developed on it. Fecal materials collected from recto anal junction (RAJ) can be the best sample of choice because EHEC O157 specifically colonizes the most distal few centimeters of the intestine (Naylor et al., 2003). Isolates displaying characteristic colorless colonial morphology need to be investigated further to produce evidence as to whether they are truly E. coli or not and what percentage of them are carrying at least one virulent gene of EHEC O157, and whether there is any clonal relationship among the isolates, particularly in those that lack any of the four virulent genes. On this background this study was carried out to achieve the following objectives:
· To determine the phenotypic and genotypic diversity of probable EHEC O157 isolates grown on CT-SMAC from RAJ-originated fecal materials in dairy farm cattle in Chittagong.
· To estimate the prevalence of probable EHEC O157 being harbored by the cattle in dairy farms in Chittagong.
· To discriminate phenotypically the antimicrobial-resistant diversity of the probable EHEC O157 strains isolated on CT-SMAC from dairy cattle in the farms of Chittagong.
CHAPTER-II

REVIEW OF LITERATURE
This part of the thesis is related with the pertinent relevant works performed else as follows:
2.1 Enterobacteriaceae 

The large family Enterobacteriaceae includes Gram-negative bacteria along with many harmless symbionts, many of the more familiar pathogens, such as Salmonella, Escherichia coli, Yersinia pestis, Klebsiella and Shigella. Other disease-causing bacteria in this family include Proteus, Enterobacter, Serratia, and Citrobacter. This family is the only representative in the order Enterobacteriales of the class Gammaproteobacteria in the phylum Proteobacteria (George, 2005). Phylogenetically, in the Enterobacteriales, several peptidoglycanless insect endosymbionts form a sister clade to the Enterobacteriaceae, but as they are not validly described, this group is not officially a taxon; examples of these species are Sodalis, Buchnera, Wigglesworthia, Baumannia and Blochmannia, but not formers rickettsias (Williams et al., 2010). Members of the Enterobacteriaceae can be trivially referred to as enterobacteria, as several members live in the intestines of animals. In fact, the etymology of the family is enterobacterium with the suffix to designate a family (aceae) not after the genus Enterobacter (which would be "Enterobacteraceae") and the type genus is Escherichia.

2.2 Escherichia coli
The genera Escherichia diverged around 102 million years ago (credibility interval: 57–176 mya), which coincides with the divergence of their hosts: the former being found in mammals and the latter in birds and reptiles (Battistuzzi et al., 2004). Escherichia coli were first described in 1885 by Theodor Escherich (Escherich, 1988). Escherich, a Bavarian pediatrician, had performed studies on the intestinal flora of infants and had discovered a normal microbial inhabitant in healthy individuals, which he named Bacterium coli commune. In 1919, the bacterium was renamed in his honour to Escherichia coli (Kaper, 2005).  The species E. coli comprises Gram-negative, oxidase-negative straight cylindrical rods measuring 1.1-1.5 x 2.0-6.0 μm. They are aerobic and facultative anaerobic, rendered motile by peritrichous flagella, or non-motile (Scheutz & Strockbine, 2005). The 16S rRNA based phylogenetic tree shown in Figure 1 illustrates its relatedness with other representatives of genera within the Enterobacteriaceae family. Phylogenetic analysis has demonstrated a very close relation between E. coli, Salmonella spp. and Citrobacter freundii. 

With the exception of Shigellaboydii serotype 13, the four species of Shigella, (S. dysentieriae S. flexneri, S.boydi and S. sonnei) show such a high degree of relatedness to E. coli that these five could be considered a single species. However, the distinction still prevails, for historical and medical reasons (reviewed by Scheutz & Strockbine, 2005).

The taxonomy of E. coli is summarized below:

	Phylum: Proteobacteria

   Class:  Gammaproteobacteria

      Order: Enterobacteriales

         Family: Enterobacteriaceae

              Genus: Escherichia

                Species: Escherichia coli (VetBakt, 2007)


E. coli can be characterized by serotyping, a method based on differences in antigenic structure on the bacterial surface. The serotype is defined by the bacterium’s O-antigen (Ohne), a polysaccharide domain in the bacterium’s lipopolysaccharide (LPS) in the outer membrane, and the H-antigen (Hauch) consisting of flagella protein. Serotyping may also include the K antigen (Kapsel) and the F-antigen (Fimbriae). There are many known O, H, K and F antigens and the existing number of different serotypes is known to be very high.

Serotyping is an important tool which can be used in combination with other methods to distinguish pathogenic E. coli strains as specific pathogenicity attributes are often linked to certain serotypes (Gyles, 2007; Kaper, 2005).
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Figure 1. Evolutionary tree showing the phylogenetic relations of the Enterobacteriaceae family, Superscript T indicates type strains.
2.3 Diversities of Pathogenic E. coli

Most Escherichia coli are harmless commensals which are part of the natural gastrointestinal flora in the lower intestine of warm-blooded animals. These are considered beneficial for maintaining a healthy intestinal ecosystem and have even been candidates for probiotic treatment to counteract a variety of enteric diseases. However, some subsets of E. coli have acquired specific virulence attributes that render them capable of causing a variety of illnesses in healthy humans and animals (Kaper et al., 2004).
Table 1.  Intestinal pathogenic E. coli

	Pathotype
	General features
	Principal  virulence factors

	EPEC 
	EPEC was the first pathotype of E. coli to be described.
	· Pathogenicity island LEE, (McDaniel et al., 1995)

· Type III secretion system, intimin, Tir, EspA, EspB, EspD, EspF

	ETEC 
	The organism is an important cause of childhood and travelers’ diarrhea in developing countries (Nataro & Kaper, 1998)
	· Colonization factor antigens (CFA) 

· Heat-labile toxin (LT)

· Heat-stable toxin (STa, STb)

	EHEC 


	EHEC causes bloody diarrhea (hemorrhagic colitis) and hemolytic uremic syndrome (HUS). 
	· Pathogenicity island LEE

· Type III secretion system, intimin, Tir

· The key virulence factor for EHEC is Stx, which is also known as verocytotoxin The Stx family contains two subgroups Stx1 and Stx2  (VT)

	EIEC 
	EIEC are responsible for diarrhea 
	· Invasion plasmid (pINV)

	EAEC/ EAggEC


	It is a cause of persistent diarrhea in children and adults in both developing and developed countries. 
	· Aggregative adherence fimbrieae (AAFs)

· EAEC flagellin

· Toxins (Pic, ShET1, EAST)

	DAEC 

	DAEC have been implicated as a cause of diarrhea in several studies, particularly in children >12 months of age (Nataro & Kaper, 1998)
	· Fimbrial adhesin F1845


Interestingly, most acquired virulence factors that distinguish pathogenic E. coli from commensals are encoded by mobile genetic elements such as plasmids, bacteriophages and transposons. Genes coding for virulence factors are often located in the chromosome on pathogenicity islands (PAI), large genomic regions that cannot be found in commensals. These often include genetic elements that might once have been mobile but subsequently evolved to be locked into the genome (Scheutz & Strockbine, 2005; Kaper et al., 2004). The pathogenic E. coli are divided into different pathotypes according to virulence factors they possess. Different pathotypes of E. coli in humans (James et al., 2004) are described in Table 1 and 2.

Table 2.  Extra-intestinal pathogenic E. coli (ExPEC)

	Pathotype
	General features
	Main virulence factors

	UPEC Uropathogenic E. coli


	The subset of E. coli that causes uncomplicated cystitis and acute pyelonephritis.
	· Adhesins (typ 1, F1C, S, M, Dr)

· P fimbriae (Pap)

· Cytotoxic necrotizing factor (CNF-1)

· Haemolysin (HlyA)

	MNEC

Meningitis/sepsis-associated E. coli
	This is the most common cause of Gram negative neonatal meningitis.
	· Fimbrial adhesin F1845


2.4 Genome dynamics of E. coli
Population genetic studies based on both multi-locus enzyme electrophoresis (Herzer et al., 1990) and various DNA markers (Clermont et al., 2000; Wirth et al., 2006; Gordon et al., 2008) have identified four major phylogenetic groups (A, B1, D and B2) and a potential fifth group (E) among E. coli strains. Strains of these groups differ in their phenotypic characteristics, including the ability to use certain sugars, antibiotic resistance profiles and growth rate temperature relationships (Gordon, 2004). The distribution (presence/absence) of a range of virulence factors thought to be involved in the ability of a strain to cause diverse diseases also varies among strains of these phylogenetic groups (Escobar-Páramo et al., 2004), indicating a role of the genetic background in the expression of virulence (Picard et al., 1999). Consequently, these groups are differently associated with certain ecological niches, life-history characteristics and propensity to cause disease. 

For example, group B2 and D strains are less frequently isolated from the environment (Walk et al., 2007), but more frequently recovered from extra-intestinal body sites (Picard et al., 1999). While B2 strains represent 30 to 50% of the strains isolated from the feces of healthy humans living in industrialized countries, they account for less than 5% in French Guyana Amerindians (Zhang et al., 2002; Escobar-Páramo et al., 2004a).
2.4.1 Intra-host diversity

The predominant strain and the resident strain tend to be identical for a given individual (Caugant et al., 1984). More recently, it has been shown that the level of intra-host diversity is variable among human populations, with the highest diversity observed in populations living in tropical regions (Escobar-Paramo et al., 2004a; Skurnik et al. 2008).  Domesticated animals were found to exhibit lower strain diversity than their wild counterparts (Escobar-Paramo, 2006).

2.4.2 Diversity between-host

Although pioneering studies based on mlee analyses have shown that many clones have broad geographical and host distributions, the observed genetic diversity of E. coli exhibits both host taxonomic and environmental components (Goullet & Picard, 1986). Indeed, only a few strains seem to be host specific, some haemolysin-producing B1 strains, exhibiting distinct O antigen types and MLST profiles, have so far been found exclusively in animals (Escobar-Paramo, 2006). However, greater variability arises from the environment in which a given animal or human population lives. In animals, the main environmental force shaping the genetic structure of the E. coli gut population is the domestication status of the host (Escobar-Paramo, 2006). Domesticated animals have a decreased proportion of B2 strains than their wild counterparts (from 30% in wild animals to 14% and 11% in farm and zoo animals, respectively) and an increased proportion of A strains (from 14% in wild animals to 27% and 26% in farm and zoo animals, respectively).

2.5 EHEC/VTEC/STEC

2.5.1 Enterohaemorrhagic E. coli (EHEC)

Enterohaemorrhagic E. coli (EHEC) consists of a subset of E. coli strains that are known to be pathogenic to humans, i.e. they have the same clinical and pathogenic features associated with the EHEC prototype organism, E. coli O157:H7 (Levine et al., 1987). In practice the definition of EHEC is used to describe the subgroup of verotoxin producing E. coli that have the potential to cause haemorrhagic colitis (HC) in humans (reviewed by Scheutz & Strockbine, 2005).
2.5.2 Nomenclature of VTEC/STEC

The cardinal virulence factor for EHEC is their ability to produce verotoxins (VT). These toxins are synonymously called shiga toxins (Stx), because of their similarity to those produced by Shigella dysenteriae. Consequently the E. coli bacteria that produce VT are called verotoxin producing E. coli (VTEC) or Shiga toxin-producing E. coli (STEC). These designations, VT/Stx and VTEC/STEC, are used interchangeably.

2.5.3 Seropathotypes

VTEC is considered a natural habitat in ruminants and VTEC is very frequently isolated from these animals. However, only a small subset of VTEC from ruminants should be considered as potential human pathogens, as VT alone is not sufficient to induce human disease (Law, 2000; Blanco et al., 1996). More than 400 different serotypes of VTEC have been isolated from humans but only few are associated with the majority of human EHEC cases (Scheutz & Strockbine, 2005). 
Table 3. Classification of VTEC serotype into seropathotypes (Karmali et al., 2003)
	Seropat-hotypes 
	Relative incidence
	Frequency of involvement in outbreak 
	Association with sever diseasesa
	Serotypes 

	A
	High
	Common
	Yes
	O157:H7 

	B
	Moderate 
	Uncommon
	Yes
	O26:H11, O103:H2, O121:H19,

	C
	Low
	Rare
	Yes
	O91:H21, O104:H21, O113:H21, others

	D
	Low
	Rare
	No
	Multiple 

	E
	Non-human only
	NAb
	NAb
	Multiple


aHaemorrhagic Uremic Syndrome (HUS) or Hemorrhagic colitis;  bNA, Not Applicable 

A classification system based on the concept of “seropathotypes” has been compiled by Karmali and colleagues (Karmali et al., 2003). This system classifies VTEC serotypes according to their ability to induce disease. The serotypes are ranked in five groups (A-E) ranging from the most pathogenic serotypes (A) to those that have never been associated with human disease (E). This classification is based on the reported occurrence of different serotypes in human outbreaks and by the frequency with which they are reported to have induced haemolytic uraemic syndrome (HUS) (Table 3).   
2.6 VTEC O157 (Seropathotype A)
VTEC O157:H7 is the prototype bacterium for EHEC and is the serotype most frequently isolated from outbreaks and severe human disease worldwide (Karmali et al., 2003).

2.6.1 Non-sorbitol and sorbitol-fermenting VTEC O157

In contrast to other E. coli strains, VTEC O157:H7 strains cannot rapidly ferment sorbitol, do not produce ß-glucuronidase and are generally, resistant to the antimicrobial agent tellurite. These are all features that can be used to indentify VTEC O157:H7 strains. Due to their inability to rapidly ferment sorbitol, VTEC O157:H7 are often referred to as non-sorbitolfermenting (NSF) E. coli O157. However, some strains can ferment sorbitol rapidly within 24 h of incubation and these are referred to as sorbitolfermenting (SF) E. coli O157 (Karch & Bielaszewska, 2001). The SF VTEC O157: H- strains are non-motile due to a “12-p” deletion in the fliC gene (Monday et al., 2004), They produce ß-glucuronidase and carry vtx2 as their sole VT gene (Ammon et al., 1999). Furthermore, they are not tellurite-resistant, as they lack the “tellurite adherence conferring island” (TAI) present in NSF VTEC O157:H7 (Karch & Bielaszewska, 2001). Moreover, SF VTEC O157:H- have acquired specific adhesion factors, novel pili, encoded by spf that distinguish them from other E. coli, another feature that can be used to identify SF VTEC O157:H- (Friedrich et al., 2004).

2.6.2 The genome of VTEC O157:H7

Genome comparison studies have revealed a high degree of genomic diversity within the VTEC O157 population, which is attributed to many events of insertion/deletion and recombination of DNA. Most of these events seem to be prophage mediated or driven by other mechanisms of horizontal gene transfer (Ohnishi et al., 2002). Most VTEC O157:H7 strains carry a ~90 kb large plasmid, pO157 (often also referred to as the 60MD plasmid). A similar but not identical plasmid, pSFO157, is found in SF VTEC O157: H- (Friedrich et al., 2004; Karch et al., 1993). The first two strains of VTEC O157:H7 that were whole genome sequenced were “EDL 933” (Perna et al., 2001) and “Sakai O157” (Hayashi et al., 2001). 
2.6.3 Evolution of VTEC O157

In 1993 Whitham and colleagues suggested that E. coli O55:H7, an EPEC serotype known to cause infantile diarrhea, could be the ancestor of VTEC O157:H7 (Whittam et al., 1993). Feng and colleagues elaborated on this hypothesis and in 1998 proposed a stepwise evolution model for VTEC O157:H7 with O55:H7 as its progenitor (Feng et al., 1998).
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A recent study based on differences in single nucleotide polymorphisms (SNPs), located in the stable part of the genome, and takes this evolution model even further (Figure 2) (Leopold et al., 2009). In that study the authors even estimated the time spans in which the different subtypes evolved. For instance the SF O157:H- strain, commonly found among HUS cases in Germany (Subgroup B in Figure 2) is believed to have emerged ~7000 years ago and Cluster 1 of Subgroup C strains, found among humans e.g. the American ”spinach outbreak strain” (Manning et al., 2008) might have emerged ~3,000 years ago.

Figure 2. Proposed stepwise evolution model for VTEC O157:H7 from E. coli O55:H7 (adapted from Leopold et al., 2009). 

2.6.4 VTEC O157:H7 in a historical perspective

As early as from the 1960s, publications from Argentina have described HUS cases in children preceded by a period of diarrhea (Gianantonio et al., 1964). In an article published in 1972, Gianantonio and colleagues reviewed 678 Argentinean HUS cases in children from 1957 to 1972 where no etiological agent could be identified (Gianantonio et al., 1973). VTEC was first described in Canada in the late 1970s by Konowalchuk and colleagues (1977). In 1982 it was first demonstrated that E. coli strains could produce a “shiga like toxin” (O'Brien et al., 1982). A year later, O’Brien and Laveck managed to purify verotoxin from an E. coli strain, concluding that the toxin was both structurally and antigenically similar to the Shiga toxin produced by Shigella dysenteriae type 1, and therefore described thenew toxin as a “shiga like toxin” (O'Brien & LaVeck, 1983).
In 1982 Riley and colleagues were able to link a multistate food-born outbreak in USA (involving hamburger patties) to patients with bloody diarrhea (HC).  A rare serotype “E. coli O157:H7” was isolated from stool samples and the strain was later shown to produce VT (Riley et al., 1983). The same year, Karmali and colleagues established that HUS could be caused by VTEC O157:H7 and VTEC of other serotypes (Karmali et al., 1983). Following the observation that production of VT was linked to HUS, it could also be confirmed that HUS cases among children in Argentina were caused by VTEC (Novillo et al., 1988).

2.7 Sources of Enterohaemorrhagic E. coli O157

2.7.1 Cattle

Presence of Shiga toxin producing Escherichia coli O157 in beef and milk is of serious public health concern. Cattle feces are the probable sources of contamination. Isolation of the pathogen from pasteurized milk indicated inadequate pasteurization or post-pasteurization contamination (Armstrong et al., 1996). The incidence of Escherichia coli O157:H7 in beef was reported as 31% in Canada (Doyle and Schoeni, 1987). E. coli O157:H7 has been reported in refrigerated ground meat, refrigerated long pork sausages and frozen hamburgers (Alexandre et al., 2001) precooked meat patties (Belongia et al., 1991). Escherichia coli O157:H7 appears to bind to collagen fibrils on beef tissues, techniques with the bacterial collagen interaction may be effective in removing the organisms attached to beef carcass surfaces. 10% TSP (Tri Sodium Phosphate) treatment was more effective against E. coli strains (Fratamico et al., 1996). In several recent surveys, researchers found that over 70% of cattle hides may be contaminated with Escherichia coli O157:H7 at the beginning of the slaughter process (Barkocy-Gallagher et al., 2003). Cattle and their feces have been considered as the primary source of VTEC and the reported incidence of E. coli O157 in cattle feces was 62% (Jackson et al., 1998) and higher frequency in younger animals (Desmarchelier and Grau, 1997). 

2.7.2 Calves

E. coli was isolated more frequently from calves less than 3 months old than from adult cows/ buffaloes and more frequently from diarrheic calves than from normal calves (Heuvelink et al., 1998). Escherichia coli O157:H7 is not pathogenic to calves even with high inoculum as it did not induce the significant clinical disease, in experimental trials (Brown et al., 1997).
2.7.3 Milk and Milk Products

Milk is one of the most common sources of Escherichia coli O157:H7 infection and it is mainly due to fecal contamination (Armstrong et al., 1996). The frequent epidemiologic evidence of milk as a source of human O157:H7 infection suggests the role of mammary gland, as a potent source of infection (Wells et al., 1991). E. coli O157:H7 was isolated from commercially distributed raw milk, raw milk stored in bulk tanks (Padhye and Doyle, 1991), pasteurized milk (Upton and Coia, 1994) and also from cheese (Mora et. al., 2007). In U.S. up to 10% raw milk samples from bulk tanks on farms were positive for E. coli O157:H7 (Padhye and Doyle, 1991). In India, Suresh (1999) isolated this organism from kulfi samples. Studies with artificially contaminated cow’s milk have demonstrated that addition of components of the Lacto-Peroxides System (LPS) resulted in inhibition and inactivation of O157 VTEC (Heuvelink et al., 1998). 

2.7.4 Sheep

Sheep could be an equally important reservoir of O157:H7 (Kudva et. al.1996). Sidjabat-Tambunan et al. (1998) reported that majority of Escherichia coli O157:H7 isolates (78.6%) isolated from mutton carcasses were found to produce enterohaemolysin and there is a predominance of isolates producing VT1 and VT2 in winter, with nearly 66% of the isolates producing these verocytotoxins, while in summer the majority of the isolates produced VT1 only. Escherichia coli O157:H7 was also isolated from 2% of lamb meat samples (Doyle and Schoeni, 1987). Chapman (2000) reported that the incidence of Escherichia coli O157:H7 isolates was higher in lamb products than in beef products. Ulukanli et al. (2006) isolated Escherichia coli O157:H7 from sheep raw milk samples using conventional methods and confirmed using biochemical tests.

2.7.5 Goat

Escherichia coli O157:H7 has been isolated from goat’s milk by Bielaszewska et al. (1997). Dontorou et al. (2004) reported a rare isolation of Escherichia coli O157:H7 strain from goat feces.
2.7.6 Pork and Poultry Products

Food animals like pigs and chicken also appeared to be reservoirs of this organism (Beutin et al., 1993). Heuvelink et al. (1999) isolated Escherichia coli O157:H7 from raw minced pork, other raw pork products and cooked or fermented, ready to eat meats like sausages. STEC O157 was isolated from retail beef, poultry and pork samples in the United States and Canada (Doyle and Schoeni, 1987). Escherichia coli O157:H7 was also isolated from cheese and turkey sandwiches (Ryan et al., 1986), ham and turkey sandwiches (Carter et al., 1987), hamburgers, salad components (Bettelheim, 1997) and dry cured salami (MMWR, 1995).

2.7.7 Egg and egg products

Brackett (1988) reported Escherichia coli O157:H7 to be present in egg and egg products like steamed eggs and scrambled eggs.

2.7.8 Deer

E. coli O157:H7 was isolated in Oregon from persons, who had consumed venison jerky (Sanchez et al., 2007) and undercooked venison (Rabatsky-Her et al., 2002). Sargeant et al. (1999) isolated Escherichia coli O157:H7 from deer feces which was collected in cattle pastures indicated that cattle are the source of infection. 

2.7.9 Dog

Escherichia coli O157:H7 phage type 4 has been isolated from dog feces (Trevena et al., 1996). 
2.7.10 Other Products

Escherichia coli O157:H7 was associated with apple cider (Besser et al., 1993), lettuce (Ackers et al., 1998), melon and spinach (USFDA, 2006), radish sprouts (WHO, 1996), potatoes and alfa-alfa sprouts (Heuvelink et al., 1999).Handling of raw potatoes that were packed in peat that may have been contaminated with calf manure was linked to another outbreak of Escherichia coli O157:H7 infections (Morgan et al., 1988).

2.8 E. coli O157:H7, verotoxin producing E. coli and their role in public health

E. coli O157:H7 was known to be a human pathogen for nearly 24 years (Riley et al., 1983). According to the Centers for Disease Control and Prevention nearly 74,000 cases and 61 deaths annually are attributable to this pathogen in USA (CDC, 2003) due to consumption of contaminated beef (Mead et al., 1999). Approximately 52% of recorded human disease outbreaks have been associated with bovine products (Griffin and Tauxe, 1991). EHEC O157 infection is estimated to be the fourth most costly food borne disease in Canada and USA (Todd, 1989), not counting the cost of possible litigation. 

E. coli O157:H7 and Salmonella are the leading causes of produce related outbreaks, accounting for 20 and 30% respectively (Olsen et al., 2000). More than 500 laboratories confirmed infections with E. coli O157:H7 and 4 associated deaths occurred in 4 states of USA which resulted from the consumption of hamburgers from one restaurant chain (CDC, 1993). In 1994, an outbreak of Escherichia coli O157:H7 infection linked to commercially distributed dry-cured salami product in Washington and California was reported (MMWR, 1995) which led to voluntary recall of 10,000 pounds of implicated product and suspended the sale of all the products until the source of contamination was determined. An outbreak of E. coli O157:H7 infection occurred in U.K. following consumption of commercial Yogurt (Morgan et al., 1993). Also contamination of household supply water with sewage water near the sites of water main breaks results in water borne outbreak of E. coli O157:H7 infection (David et al., 1992). The infection by E. coli O157:H7 have been reported with increasing frequency from all parts of the world in the form of food poisoning outbreaks (Jo et al., 2004). Considering the nature and severity of outbreaks, W.H.O. Consultation Committee recommended enhanced investigation, reporting and strict surveillance of shiga toxin producing E. coli (STEC) and HC-HUS (WHO, 1997). Because of the severity of these illnesses and the apparent low infective dose (less than 10 cells, Bach et al., 2002), Escherichia coli O157:H7 is considered one of the most serious of known food borne pathogens (Blanco et al., 2003).
2.9 High risk groups

The highest attack rate was among children less than 5 years of age but cases were reported in persons of 11 months to 78 yrs of age also (Ostroff et al., 1989). Females have been reported to be at a significantly greater risk of developing haemolytic anemia after infection with Escherichia coli O157:H7 than males (Rowe et al., 1991). Cimolai et al. (1990) also reported that males have a reduced risk of Escherichia coli O157:H7 colitis progressing to HUS than females. Outbreaks of E. coli O157:H7 have involved communities (Swerdlow et al., 1992) and institutions such as nursing homes (Carter et al., 1987), schools and day care facilities (Belongia et al., 1993). The largest number of Escherichia coli O157:H7 isolates were obtained from children of 1-4 years age and adults of 60-69 years age (Slutsker et al., 1997).
2.10 Cattle as Asymptomatic carriers of ETEC/VTEC O157

Cattle constitute the main reservoir for VTEC O157:H7. Experimental infection with high doses of VTEC O157:H7 caused diarrhea, with A/E lesions in neonatal calves and transient watery diarrhea in weaned calves (Brown et al., 1997). However, it is generally considered that cattle harbor the bacteria without expressing signs of disease (Hancock et al., 1998). Gb3 receptors, the specific receptors for VT, are present in the proliferating crypt cells of bovine intestines but cannot be found in the vascular cells (Hoey et al., 2002). In addition, when VT is internalized into the bovine cells it is engulfed and rendered ineffective by lysosomes. This could explain the evident resistance of cattle to the systemic effects of VT (Hoey et al., 2003). However, the primary site of VTEC O157:H7 colonization in cattle is considered to be in a defined region in the terminal rectum (TR), 5 cm proximal of the rectal anal junction (RAJ). This region, also referred to as the terminal mucosa (TM), is characterized by high density of lymphoid follicles (Naylor et al., 2003). In the TM the bacterium attaches and forms micro colonies (30-100 bacteria) and A/E lesions (Nart et al., 2008). Successful colonization has also been established directly by rectal swabs inoculated with VTEC O157:H7 (Naylor et al., 2007).

2.11 Prevalence of STEC O157:H7 in cattle

Hussein and Bollinger (2005) reviewed published reports in the past 3 decades and summarized STEC prevalence in beef cattle feces and hides. In general, prevalence rates of E. coli O157 ranged from 0.3 to 19.7% in feedlot cattle, from 0.7 to 27.3% in cattle on irrigated pasture, and from 0.9 to 6.9% in cattle grazing rangeland forages. These observations suggest a high potential for infection and re-infection of cattle with E. coli O157 during grazing the dense vegetation on pasture. On the range, however, cattle travel in large and less-dense areas seeking edible vegetation. With regard to testing for E. coli O157 at slaughter, the prevalence rates ranged from 0.2 to 27.8%. The ranges of prevalence rate, however, varied widely and could be explained by the significant impact of environmental factors and (or) management practices on promoting or decreasing STEC prevalence. Significant seasonal differences in prevalence rates of O157:H7 were also found (Barkocy- Gallagher et al., 2003).
2.12 VTEC O157:H7 shedding in cattle

There is a wide variation, in both magnitude and duration, in fecal shedding of VTEC O157:H7. Cattle that do not get colonized shed the bacterium transiently for less than 1 week but, if they do become colonized they typically shed for a month on average, but no longer than 2 months. Very few animals may even shed for up to a year or longer (reviewed by Lim et al., 2007). Artificially infected calves shed VTEC O157:H7 in greater numbers and for longer periods of time than adult cattle (Cray & Moon, 1995). Calves from weaning up to 12 months old are those that that most often shed VTEC O157:H7 (Nielsen et al., 2002). 

2.13 Classical bacteriological Diagnosis of E. coli O157

Routine techniques for VTEC focus almost exclusively on the detection of E. coli O157:H7 in clinical specimens, animal feces, food and environment. There are many problems with the developed techniques for E .coli O157:H7. A major challenge is the isolation of bacterium from different complex sample types. Often the sample will contain low numbers of VTEC, very high levels of background flora and natural inhibitors which interfere with isolation of E. coli O157:H7 (Duffy et al., 1999). Techniques to improve the speed of the testing protocols for serotype O157 has been developed based on immunological or DNA techniques (polymerase chain reaction). Typing of strains is a specialized skill, which is performed by national reference laboratories and is used as a research tool (Duffy et al., 1999). The lack of standardization in cultivation’s techniques, rapid detection methods and typing procedures remains a problem. 

2.13.1 Sampling

Samples should be taken aseptically to ensure sample integrity. Because E. coli O157:H7 is categorized as hazard group 3 pathogens, there is necessary precaution to reduce the staff risks. Samples should be placed in a sterile leak proof closed container and transported under chilled condition to the laboratory. Samples should be tested within 48 h although chilled storage up 72 h does not appear to reduce survival (Duffy et al., 1999).

2.13.2 Enrichment

The pre-enrichment process may be needed for the samples with a small number of cells or cells of sub-lethal damage (heating, freezing, presence of inhibitory substances in the sample). These cells require a period of recovery in a medium, which permit repair of the damage and subsequently growth in an enrichment medium. Pre-enrichment media may be use: trypticase soya broth or modified trypticase soya broth (Duffy et al., 1999).

2.13.3 Isolation and identification

Most E. coli O157:H7 strains are non-sorbitol fermenters. This property is exploited to distinguish VTEC O157 from other E. coli sorbitol-positive. The selectivity of sorbitol containing agars might be increased by addition of low concentrations of cefixime, tellurite or rhamnose, although this might be unfavorable for its sensitivity (Duffy et al., 1999). The E. coli O157:H7 including the sorbitol-fermenting strains are β- glucuronidase negative and this property is used in differential plating media. There are commercially developed media based on agar with D-glucoronide (Duffy et al., 1999). The Mac Conkey agar with sorbitol- SMAC is currently used for isolation of E. coli O157:H7. In SMAC media, inhibitory agents may be added to improve their selectivity. Identification of presumptive VTEC isolates is traditionally archived by biochemical tests: carbohydrates utilization, β-glucuronidase production, API 20E strips or Biolog crystal ID kits. The isolates as E. coli will be tested for their toxigenic status (Beutin et al., 2002).

2.13.4 Latex agglutination

A rapid latex agglutination assay was performed for the presumptive identification of E. coli O157. This test is based on latex bead coated with an antibody specific to E. coli O157 or O157:H7. In the presence of the specific antigen the beads adhere to the cells causing visible clumping of latex particles (Duffy et al., 2000). 
2.13.5 Determination of verotoxigenic capacity

The carriage of VT gene may be determined using PCR assay and by the verocell monolayer assay. In the last case, killed suspensions of bacterial cultures are overlaid on a verocell monolayer. After incubation, the cell layer is examined microscopically. The damage to the monolayer indicated the presence of verotoxins (Beutin et al., 2002).

2.13.6 Immunological procedures

In the past years, immunological procedures were developed. Immunological techniques are based on the reaction between an antibody and antigen specific to VTEC. Some of these assays target surface antigens and thus detect VTEC cells of specific serogroups and others rely on the detection of the toxins produced by VTEC are detected by ELISA. A fluorescent-labeled monoclonal antibody assay for E. coli O157:H7 has been developed in combination with direct microscope detection. This method has been applied to detection of the pathogen in fecal samples (Beutin et al., 2002)
2.13.6.1 Enzyme Linked Immunosorbent Assay (ELISA)

There are many commercial ELISA kits formats but the sandwich assay is most commonly used. The sensitivity of these assays is similar to traditional culture techniques; however they offer advantages in terms of rapidity, reduced labour costs and high volume throughput (Beutin et al., 2002).
2.13.7 Serodiagnosis

Patients infected with VTEC produce immunological responses to the pathogen. Specifically, these antibodies target the lipopolysaccharide (LPS) component of VTEC cell. ELISA kits and immunoblotting assays have been commercially developed to detect the antibodies to VTEC LPS. Clinical diagnosis can be made from blood, fecal or saliva samples and they all contain the VTEC LPS antibodies (Duffy et al., 1999).

2.13.8 Verotoxin Assay

ELISA based kits have been developed for the detection of verotoxin (VT) 1 and 2. The test is performed in a microtitre well assay and is commercially available (including Meridian Diagnostics and Oxoid (Duffy et al., 1999).
2.14 Typing of E. coli by molecular and serological methods

Precise characterization of strains by different typing methodologies is important in characterizing and screening of microorganisms. The diversity within the E. coli community requires a systematic categorization and identification of individual isolates. There are different typing methodologies used to differentiate E. coli isolates. Some of the most important typing methods used for E. coli are: serotyping, phylogenetic typing, pulse field gel electrophoresis (PFGE), Multi locus sequence typing (MLST) and random amplified polymorphic DNA (RAPD).

2.14.1 Serotyping

Serotyping is a systematic scheme of identification of E. coli based on the O (somatic), H (flagellar), K (capsular) surface and F (fimbrial) antigens (Kauffmann, 1944). In serotyping the most commonly used types are O and H antigen. The O-antigen serogroups are designated Ol to O173 in which seven serogroups (O31. O47. O67. O72. O93. O94 and O122) were removed, resulting in a total of 167 serogroups (Ewing, 1986). The K-antigens were designated Kl to K103. 

Some of this group was redesignated to F-antigens and some were eliminated leaving a total of 74 K-antigens. There are 53 H-antigens designated H1 to H56, three being removed from the list (H13, H22 and H50) (Orskov and Orskov, 1992). Traditional serotyping produce many false positive results, as a result, efforts have been made to find alternative discriminating molecular methods to compliment or replace the complex, tedious and labor intensive conventional serological method. In the past decade two effective alternative molecular methods have been developed. They are serogroup specific PCR and restriction fragment length polymorphism of the O-antigen gene cluster (rjb-RFLP) (Coimbra et al., 2000; Paton and Paton, 1998a; Clermont et al., 2007).

2.14.2 Serogroup specific PCR

Serogroup specific PCR amplifies unique regions in the rfb gene cluster which are conserved for each serogroup. There are a number of serogroup specific PCR for EHEC/STEC and E. coli that causes blood stream infections (Paton and Paton. 1998; Clermont et al., 2007; Lin et al., 2011). The O-antigen specific PCR assays are very specific, simple and cost effective. In addition to this, the use of real time PCR assays makes the detection and identification of serogroups faster than conventional PCR (Lin et al., 2011). However, this method is highly specific and is only useful for known serogroups for which specific primers are included in the assay. Serogroup specific PCR is limited to detecting a maximum of 12 to 15 serogroups at a time (Clermont et al., 2007), which makes this method ineffective in identifying new serogroups which could cause infection and also in identifying previously uncharacterized serogroups.

2.14.3 Molecular serogrouping 

The rfb-RFLP typing method is a molecular method which enables the identification of O-serogroups by restriction patterns, without the use of antisera (Coimbra et al., 1999). In short, this method involves the amplification of the rfb gene cluster which encodes O-antigen synthesis by using oligonucleotide primers complementary to JUMP start sequence (just upstream of many polysaccharide-associated gene starts) and the gnd gene which flanks upstream and downstream of the rfb gene cluster (Coimbra et al., 2000). This is followed by restriction digestion with MboII (a 5-base cutter) and the visualization of the RFLP patterns on agarose gel. The RFLP patterns for most of the serogroups which are characterized are unique (Coimbra et al., 1999; Coimbra et al., 2000). This method is able to type rough isolates which cannot be typed by conventional serogrouping methods (Coimbra et al., 2000). 
2.14.4 Pulse Field agarose gel electrophoresis (PFGE)

Pulse field agarose gel electrophoresis is considered as the gold standard in typing bacterial isolates (Riley, 2004; Goering, 2010). It involves the extraction of DNA in a plug followed by restriction digestion with the appropriate restriction enzyme (eg: Xbal and NotI) (Goering, 2010). The large DNA fragments (30-50 Kb) produced as a result of restriction enzyme digestion is separated on agarose gel by alternating field direction (current). This forces the small fragments to move faster than the large fragments on the agarose gel which results in a DNA pattern specific to each clone (Goering, 2010). PFGE is highly reproducible and easily interpreted and compared within and across different laboratories (Gordon, 2010). The use of international data bases by CDC allows PFGE to be used in different laboratories around the world, making it easy to compare new outbreak strains and their clonal origin (http://www.cdc.gov/pulsenet/). Studies have shown that PFGE has very high discriminatory powers compared to other typing methodologies such as MLST and RAPD (Gordon. 2010, Tartof et al., 2005). However, compared to other genotyping methods, PFGE is very labor intensive, time consuming and requires specialized equipment and training.

2.14.5 Multilocus sequence typing (MLST)

Multilocus sequence typing is a well established method for characterizing bacteria (Gordon, 2010). It is used for a variety of different bacteria to understand clonal groups and phylogenetic relatedness. In MLST, seven housekeeping genes from the core genome are selected and a 300-700 bp region of each of these genes are sequenced (Cooper and Feil, 2004). These sequences are identified as an allele and each unique combination of alleles corresponds to a specific sequence type (ST) (Cooper and Feil, 2004). These sequence profiles can be used to determine the ancestry and relatedness of each strain (Gordon. 2010). MLST can be biased based on the core genes selected and cannot be applied to all E. coli groups using the same set of 7 genes (Gordon. 2010). In addition to this, MLST has a lower discriminatory power than PFGE for epidemiological studies (Tartof et al., 2005).

2.14.6 Random amplified polymorphic DNA (RAPD)

Random amplified polymorphic DNA (RAPD) is a simple PCR based genotyping method using short oligonucleotides of random sequence (Williams et al., 1990). The random sequences bind to random priming sites and amplify DNA segments of variable lengths (Hadrys et al., 1992). This results in a pattern of small and large DNA fragments (Williams et al., 1990). These patterns would be identical for clonal bacterial populations (Gordon, 2010).

The power of RAPD is in the use of multiple primer sequences. In some instances, RAPD has shown to have higher discriminatory power than multi locus enzyme electrophoresis (MLEE) (Desjardins et al., 1995). RAPD has higher discriminatory powers in strain discrimination and identifying clonality of bacteria (Desjardins et al., 1995). 

2.14.7 Clermont phylogenetic grouping 

Clermont phylogenetic grouping is a simple and rapid method used to identify the phylogenetic groups of E. coli (Clermont et al., 2007). This method uses a triplex PCR to identify the phylogenetic group by examining the presence and/or absence of two genes (chuA and yjaA) and a DNA fragment (TSPE4.C2) (Clermont et al., 2007). This method groups E. coli into four main phylogenetic groups namely: A, Bl, B2 and D. Studies have shown the reliability of this method, which is now been used extensively in the molecular characterization of E. coli (Gordon et al., 2008; Tenaillon et al., 2010). 

CHAPTER-III
METHODOLOGY

3.1 Study population and collection of fecal samples

A cross sectional survey was undertaken to isolate probable EHEC O157 and its prevalence of harboring in cattle in dairy farms of Chittagong, between June-2011 to June-2012, in the randomly selected dairy farms in Chittagong district. In total, 21 farms and 419 cattle were sampled. In case of each animal, a sterile swab was inserted in RAJ and fecal material was collected from its wall. The collected swab was placed in a tube (5ml) containing buffered peptone water (Oxoid, Basingstoke, Hampshire, UK), and sent to the Microbiology Laboratory, Chittagong Veterinary and Animal Sciences University (ML-CVASU). Additional demographic and epidemiological information of each farm sampled was recorded using a data collection sheet. Global Positioning System (GPS) coordinates were also collected to mark the location of the farms using a personal navigator (eTrex venture, GARMIN, USA)
3.2 Bacteriological investigation for EHEC O157
Having received the collected samples bacteriological investigation was initiated at ML-CVASU. For initial screening of EHEC O157 from the collected samples, the medium CT-SMAC (Oxoid, Basingstoke, Hampshire, UK) agar was used which is a selected medium for EHEC O157 and where sorbitol fermenting bacteria produce colorless colonies. CT-SMAC was prepared according to the instructions of manufacturer. Briefly, 25.75gm sorbitol MacConkey agar was weighed, mixed with 500 ml of distilled water and autoclaved. The medium in the flask was then placed in a hot water bath until become cooled to 50°C when 2 ml of cefixime telurite (potassium tellurite 1.25mg and cefixime 0.05mg) was added to it. CT-SMAC and its supplements used for this study are shown in Figure 3. Cefixime-tellurite (CT) added medium was poured into petridishes at the amount of about 20 ml medium per petridish, and the medium in petridishes are preserved at +4°C before the use, as recommended.

Each collected sample was streaked onto a CT-SMAC agar plate, incubated at 37 °C for 18-24 h, and then examined for the presence of sorbitol fermenting (colorness) colonies. Based on the manufacture’s recommendations and published information in the literature (Krishnan et al., 1987; March and Ratnam, 1986; Wells et al., 1983).
Growth of a probable EHEC O157 colony on a CT-SMAC agar plate was presumptively diagnosed if it was slightly transparent, colorless with a weak pale brownish appearance, and with a diameter of 1mm.
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Figure 3.  Sorbitol MacConkey agar (right) and its supplements – cefixime tellurite used for the growth of enterohaemorrhagic E. coli O157

Five such cross-sectional colonies were picked up and transferred to a 10 ml test tube containing 5 ml of tryptic soy broth (TSB), incubated at 37 °C for 6 h with continuous shaking. Any growth in TSB was inoculated onto CT-SMAC and when only homogenous colorless colonies were seen then 5 cross-sectional colonies of them were mixed together again and this mixture was inoculated onto an Eosin Methylene Blue (EMB) (Oxoid, Basingstoke, Hampshire, UK) agar plate, incubated at 37 °C for 24 h to verify whether the bacterial population was E. coli, or not. Dyes Eosin Y and Methylene Blue react with products released by E. coli from lactose or sucrose as carbon and energy source, forming metallic green sheen. The isolates from CT-MAC through TSB that produced metallic sheen on EMB were considered as probable EHEC O157. These were re-inoculated into TSB, incubated at 37 °C for 20 h and were preserved at -80 °C with 15% glycerin until investigation for more diversity at molecular level. 
3.3 Testing diversity of the sorbitol non-fermenting E. coli isolates at the molecular level
Four selected strains were investigated for the presence of seven housekeeping genes to verify whether, by key functional gens, these were truly E. coli. The genes were adk, fumC, gyrB, icd, mdh, purA and recA (http://mlst.ucc.ie/mlst/dbs-/Ecoli/documents/primersColi html). The functions of the genes, the sequences of the primers used to their PCR amplifications and the product sizes are shown in Table 4. The selected isolates were shipped to the department of Veterinary Disease Biology, Copenhagen University (DVDB-CU) to have the PCR assays for the seven genes done. Having found them positive for all these genes, the diversity of the isolates were further characterized by plasmid profiling and pulsed field gel electrophoresis (PFGE), also at DVDB-CU.

Plasmid profiling was conducted by alkaline-lysis according to the protocol described by Kado and Liu (1981) with minor modifications. One ml overnight shaking culture grown in LB broth at 37°C was used for plasmid isolation. 

The extracted plasmid DNA was subjected to electrophoresis using 0.8% agarose (Sea Kem LE® agarose; Lonza, Rockland, ME USA) gel in Tris-acetate-EDTA (TAE) buffer at 120V for 3 hours at room temperature and subsequently stained with ethidium bromide (10 µg/ml; E1510; Sigma-Aldrich, USA). The gel picture was taken under UV-transillumination using GelDoc EQ system with Quantity One® (Version 4.2.1) software (Bio-Rad Laboratories, Hercules, California, USA). 
Table 4. Seven housekeeping gene of E. coli along with their PCR primer

[

	Gene
	Phenotypic expression
	Primer‎ Sequence‎(5’‎– 3’)
	Annealing temp.
	Size of   product  (bp)

	adk
	Adenylate kinase
	F'-ATTCTGCTTGGCGCTCCGGG

R –CCGTCAACTTTCGCGTATTT
	54° C
	583

	fumC
	Fumarate hydratase
	F -TCACAGGTCGCCAGCGCTTC

R –GTACGCAGCGAAAAAGATTC
	54° C
	806 

	gyrB
	DNA gyrase
	F –TCGGCGACACGGATGACGGC

R-ATCAGGCCTTCACGCGCATC
	60° C
	911

	icd
	Isocitrate/isopropylmalate dehydrogenase
	F –ATGGAAAGTAAAGTAGTTGTTCC

GGCACA

R –GGACGCAGCAGGATCTGTT
	54° C
	878

	mdh
	Malate dehydrogenase
	F –ATGAAAGTCGCAGTCCTCGGCGC

TGCTGGCGG            

R-TTAACGAACTCCTGCCCCAGAGCG

ATATCTTTCTT
	60° C
	932

	purA
	Adenylosuccinate dehydrogenase
	F -CGCGCTGATGAAAGAGATGA

R –CATACGGTAAGCCACGCAGA
	54° C
	816

	recA
	ATP/GTP binding motif
	F -CGCATTCGCTTTACCCTGACC

R –TCGTCGAAATCTACGGACCGGA
	58° C
	780


Plasmids in E. coli 39R861 (Threlfall et al., 1986) and E. coli V517 (Macrina et al., 1978) were used as references for standard plasmid sizes. The sizes of plasmids were estimated by calculating the migration of plasmid mobility relative to that of the reference plasmids (Rochelle et al. 1985).

PFGE was performed following the standardized CDC PulseNet protocol (CDC, 2009). Briefly, overnight culture of bacteria grown on brain heart infusion (BHI) broth (CM1135; Oxoid Ltd., England) was used. Genomic DNA was prepared using 1% agarose (SeaKem® gold agarose, Lonza, Rockland, MEUSA). 
The agarose blocks were placed to lysis buffer (1% sarcosyl, 50 mM Tris, 50 mM EDTA, pH 8.0) with proteinase K (Sigma-Aldrich, USA) solution in a shaking water bath for 3 hours at 55°C. The chromosomal DNA was digested using 60U of the restriction enzyme XbaI (R0145L; New England BioLabs Inc.) for 15 hours at 37°C. The DNA fragments were isolated using 1% SeaKem® gold agarose gel in 0.5x TBE buffer. CHEFF DR III (Bio-Rad Laboratories, Hercules, California, US) system was used to perform electrophoresis at 14°C. Running condition was set as follows – initial switch time 2.2s, final switch time 63.8 sec, current 6V/cm, included angle 120 and run time 19 h.  The gel was stained with 1% ethidium bromide (E1510; Sigma-Aldrich, USA) solution for 30 minutes and destined in deionzed water for 3 times with 20 minutes interval. Using UV transillumination, gel image was captured by GelDoc EQ system with Quantity One® (Version 4.2.1) software (Bio-Rad Laboratories, Hercules, California, U.S.) and obtained images were saved in TIFF format in computer. The analysis of the fingerprints was performed using GelCompar®II (version 4.6) software (Applied Maths, Belgium).

Dice coefficient with a band position tolerance of 1% and 0.5% optimization level were used to determine similarity between fingerprints. The unweighted pair group method with arithmetic averages (UPGMA) was applied to produce the dendrogram. The DNA restriction patterns of the isolates were interpreted according to the criteria described by Tenovar et al. (1995) 

3.4 Diversity among the probable EHEC O157 isolates based on their antimicrobial susceptibility profiles

All the E. coli isolates producing homogenous colorless colonies for the second time on CT-SMAC were investigated for their diversity in antimicrobial susceptibility profiles. Bauer-Kirby disk-diffusion procedure (Bauer et al., 1966) was used on Mueller-Hinton (MH) agar, prepared according to the manufacturer’s instructions (Oxoid). A bacterial turbidity equivalent of 0.5 McFarland standards was used for each isolate. A 0.5 McFarland standard was prepared by adding 0.5 ml of 1% (11.75g/L) BaCl2.2H2O to 99.5ml of 1% (0.36N) H2SO4 (Carter and Cole, 1990).The panel of antibiotics used for the assays along with the sizes of zone of inhibition of them to be considered as “resistant (R)”, “intermediately resistant (I)” and “sensitive (S)” against the tested isolates are shown in Table 5. These characterizations were based on the recommendations from Clinical and Laboratory Standards Institute (CLSI, 2007).
A sterile swab was dipped into the prepared inoculums, rotated against the side of the tube with firm pressure to remove excess fluid and the dried surface of a MH agar plate was inoculated by streaking the swab three times over the entire agar surface. The plate was rotated approximately 60 degrees each time to ensure an even distribution of the inoculums. 

Table 5. Panel of antibiotics used, their concentrations and Zone diameter interpretative standards for E. coli (CLSI, 2007)
	Group of Antimicrobial agents
	Antimicrobial agents 
	Disk contents 
	Zone diameter, nearest whole mm
	Manufacturer

	
	
	
	R
	I
	S
	Oxoid Ltd. Basingstoke, Hampshire, England

	Penicillin
	Ampicillin
	10 µg
	≤ 13
	14-16
	≥ 17
	

	Β-lactamase inhibitor combination
	Amoxicillin-clavulanic acid
	20/10 µg
	≤ 13
	14-17
	≥ 18
	

	Cephems
	Ceftriaxone 
	30 µg
	≤ 13
	14-20
	≥ 21
	

	Amino glycosides 
	Gentamicin
	10 µg
	≤ 12
	13-14
	≥ 15
	

	Tetracycline 
	Tetracycline
	30 µg
	≤ 11
	12-14
	≥ 15
	

	
	Doxycycline
	30 µg
	≤ 10
	11-13
	≥ 14
	

	Fluoroquinolones
	Ciprofloxacin
	5 µg
	≤ 15
	16-20
	≥ 21
	

	Quinolones
	Nalidixic acid
	30 µg
	≤ 13
	14-18
	≥ 19
	

	Folate pathway inhibitor
	Trimethoprim-sulfomethoxazole
	1.25/23.7 µg
	≤10
	11-15
	≥ 16
	

	Phenicoles
	Chloramphenicol
	30 µg
	≤ 12
	13-17
	≥ 18
	


The antimicrobial micro-disks were placed on the surface of the inoculated agar using forceps to dispense each antimicrobial disk at a time. An antimicrobial disk was carefully placed on the surface with a gentle pressure to make a complete contact and when all the disks were dispensed the agar plate was incubated at 35°C for 16 to 18 hours. After the said period of incubation the size of zone of inhibition around a micro-disk was measured in millimeter with a digital slide calipers and the result was deduced according to CLSI, 2007.

3.5 Statistical analysis

All data were entered into a spreadsheet programme (Excel 2003, Microsoft Corporation) and transferred to Stata 11.0 (Intercooled Stata 11.0, Stata Corp., College Station, Texas, USA) for analyses. The difference in the occurrence rate of Stx1/Stx2/hly gene in the probable EHEC O157 isolates between variables was shown using a Pearsons χ2 test.  

CHAPTER-IV
RESULTS
4.1 Population statistics of cattle and status of the dairy farms sampled for the investigation
From each of the 21 farms randomly selected adult cows, heifers, bulls and calves were sampled. Bulls and bull calves were reared for selling or breeding purposes. Table 6 shows their population statistics on the days of sampling.  All the farms reported that they sold their non-pasteurized raw milk for home delivery as well as to the sweet shops. All the farms had open drains to dispose of liquid or semi-liquid wastes to the outlets. Overall, the hygienic conditions were poor to satisfactory levels. Slurries were destined for the use in the cultivation of crops. The farm staffs including milkers were unaware of hygienic procedures needed to be applied during milking or milk delivery.  
Table 6: On-farm population statistics of cattle and farm status on the days of sampling of animals for the study
	
	Median
	Mean
	Standard deviation
	Minimum
	Maximum
	S. E. of Mean

	Milking cow
	21
	30.85714
	31.5187
	12
	145
	6.877945

	Dry cow
	6
	9.47619
	9.579243
	4
	45
	2.090362

	Heifers
	7
	11.66667
	13.33917
	4
	56
	2.910845

	Calves
	15
	21.14286
	16.76092
	9
	76
	3.657533

	Bull
	0
	2.238095
	4.83637
	0
	17
	1.055382

	Total
	50
	75.38095
	75.23462
	30
	339
	16.41754
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Fig 4: The geographical positions of the dairy farms selected for sampling
4.2 Prevalence of probable EHEC O157 based on the growth on CT-SMAC
Geographical distributions of the 21 farms from where the samples were collected were shown in Figure 4, in a map, generated by plotting the geographic positioning system coordinates recorded during sample collection. Of the 419 bovine animals sampled, 77 yielded colorless colonies along with other pink-colored colonies on CT-SMAC. When 5 cross-sectional homogenized colorless colonies from each initially positive case were re-verified only 47 produced pure colorless colonies across the CT-SMAC plates and from those 32 of them were found to be E. coli based on their characteristic colonial morphology on EMB agar plates.
Table 7. Prevalence of probable EHEC O157 in dairy farm cattle of Chittagong 
	No. animals tested
	No. (%) probable EHEC O157


	(%) probable EHEC O157             95% CI

	419
	32
	                 7.6%                             4.3 – 12.7%


So, the prevalence of probable EHEC O157 in the study population could be 7.6% (95% CI 4.3–12.7%). The differentiating growth features of probable EHEC O157, sorbitol fermenting and non-fermenting bacteria on CT-SMAC and pure E. coli on EBM agar are portrayed in Figure 5.
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Figure 5. Different colonial morphologies seen on CT-SMAC; A-B: Growth of a probable EHEC O157; C: Mixed growth: sorbitol fermentating (pink) and non fermentating (white) bacteria; D: Typical colonial morphology of E. coli displayed on an EMB agar plate

4.3 Diversity among probable EHEC O157 and their prevalence
Diversity among the probable EHEC isolates and their prevalence among the different categories of sampled populations are shown in table 8.

Table 8. Prevalence of probable EHEC O157 in cattle in dairy farms of Chittagong
	Variable
	(N)
	Prevalence %  (No. positive )
	95% CI
	P
	OR (95% CI)

	Age
	Calf (110)
	10.0 (11)
	6.4 – 24.6
	0.1854
	1.56 (0.73-1.41)

	
	Heifer(44)
	9.0 (4)
	0.01 – 14.6
	0.8088
	1.4 (0.28-3.58)

	
	Adult (265)
	6.4 (17)
	0.07 - 11.9
	
	

	Sex
	Male (27)
	7.4 (2)
	0.1 – 16.8
	0.7719
	0.96 (0.15-2.8)

	
	Female (392)
	7.7 (30)
	2.4 – 10.6
	
	

	Health status
	Diseased (15)
	0.0 (0)
	0.03 – 6.0
	0.2595
	0.00 (0.0-3.06)

	
	Healthy (404)
	7.9 (32)
	1.3 – 22.4
	
	

	Suffered Mastitis
	Yes (83)
	2.4 (2)
	0.1 – 9.7
	0.0146
	0.29 (0.12-0.86)

	
	No(182)
	8.2 (15)
	1.1 – 17.8
	
	

	Antibiotic used
	Yes (74)
	5.4 (4)
	0.04 – 8.4
	0.4059
	0.67 (0.2-1.78)

	
	No (345)
	8.1 (28)
	2.2 – 18.2
	
	

	Total
	419
	7.6 (39)
	5.3 – 9.9
	-
	-


N = Number of animals sampled; CI = Confidence interval; OR = Odds ratio
4.4. Diversity among the isolates based on plasmid and PFGE profiling
The four probable EHEC O157 isolates possessed all the seven housekeeping genes - adk, fumC, gyrB, icd, mdh, purA and recA, reconfirming their fidelity as E. coli at the molecular level. PCR products of four housekeeping genes – gyrb, icd, recA and adk of some of them are shown in Figure 6.
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Figure 6. Results of PCR assay for four housekeeping genes of E. coli. (A) Lane 1, 1kb plus DNA ladder, Lanes: 2-7 - 911 bp size PCR products of gyrb gene of  4 E.coli isolates;(B) Lane 1, 1kb plus DNA ladder, Lanes: 2-5 - 878 bp size PCR products of icd gene of 4 isolates; (C) Lan 1, 1kb plus DNA ladder, Lanes: 2-5 - 780 bp size PCR products of recA gene of 4 isolates; (D) Lane 1, 1kb plus DNA ladder, Lanes: 2-7 - 583 bp size PCR products of adk gene of 4 isolates
All the four isolates harbored different sized plasmids. The results obtained in PFGE showed that all the four probable EHEC O157 isolates investigated for PFGE were genetically diverse owing to differences in > 9 bands (>3 genes) (Figure 6). Therefore, four different pulsotypes were identified.
Figure 7. Dendogram showing the cluster analysis on the basis of XbaI-PFGE of the 4 probable EHEC O157 isolates. Dice coefficient was used to perform similarity analysis, and clustering was performed by using unweighted pair-group method with arithmetic means (UPGMA) with 1% band position tolerance and 0.5% optimization parameter.
4.5 Diversity based on antimicrobial susceptibility patterns of the probable EHEC isolates
All the 32 isolates that yielded colorless colonies on CT-SMAC for the second time as well as showed typical colonial morphology in EMB agar were tested for susceptibility to 11 different antimicrobial agents. The frequencies of isolates showing sensitive, intermediately resistant and resistant to the antimicrobials tested are shown in Figure 6. Of the tested isolates 87.2% (95% CI 76.2-98.2%), 79.5% (95% CI 66.2-92.7%) and 69.2% (95% CI 54.1-84.3%) were sensitive to ciprofloxacin, ceftriaxone and chloramphenicle, respectively; 100% isolates were resistant to penicillin, and 38.5% (95% CI 32.3-65.1%), 35.9% (95% CI 20.1-51.7%), 35.9% (95% CI 20.1-51.7%), to trimethoprim-sulfomethoxazole, tetracycline, ampicillin, respectively which were frequently used antibiotics in the dairy farms.
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Figure 8. Results of antimicrobial susceptibility testing; S, I, R = proportional representations of sensitive, intermediately-resistant and resistant isolates, respectively, against the antimicrobials tested; AMP,Ampicillin;P, Penicillin;AML, Amoxycillin;CRO, Ceftriaxone;CN, Gentamycin;TE, Tetracyclin;DOC, Doxicyclin;CIP, Ciprofloxain;NA, Nalidixic Acid;SXT, Sulfomethoxazole-Trimethoprim;C, Chloramphenicol.
CHAPTER-V

DISCUSSION

There are no common biochemical characteristics associated with the great majority of EHEC serotypes. Only the recognition of the serogroup O157 was facilitated by its inability to ferment sorbitol after overnight incubation but there is always the need of serotype confirmation through other tests. Moreover, over the past decade it has emerged that STEC strains of serotype O157:H-, which do ferment sorbitol rapidly, is an important cause of human disease. Thus, as a result of phenotypic variability, there could be an increased likelihood of misdiagnosing O157 infections using only classical methods. Therefore, inspection services would enhance awareness to the possibility of mislaying O157 serogroup if sorbitol fermentation is regarded as a discriminating test for the pathogen identification. Indeed, the emergence of antibiotic-resistant strains is a major therapeutic problem. This phenomenon has been brought about, and extended, by the transmission of resistant isolates, through the mobility of both local and worldwide populations, and by the consumption of foodstuffs derived from animals treated with antimicrobial agents. The present study has revealed some strains to have multiple resistance to different antibiotics. 

All the 47 sorbitol non-fermenting isolates, as evidenced with the production of colorless colonies on CT-SMAC (a selective medium recommended for EHEC O157) may probably be not EHEC O157. It can only be confirmed based on the possession of ≥ 1 of the three virulent genes – Stx1, Stx2 and hly. The identities of those 32 (68%) bacterial isolates that yielded colorless colonies on CT-SMAC and showing typical E. coli colonial morphology on EMB need to be investigated further; however based on just seeing some colorless colonies on a CT-SMAC agar plate the growth of a probable EHEC O157 strain could be warranted, but should not be confirmed unless other confirmatory tests are applied, such as identification of the presence of at least one virulent gene by a PCR assay.
PFGE and plasmid assays of the 4 E. coli isolates showed that they were also diverse, and as many as 4 pulsotypes existed in them. EHEC O157 starins harbours virulent genes named “stx”and “eae”. Because, the presences of these genes were not investigated in this study, it cannot entirely be confirmed that the isolates belonged to EHEC O157 serogroup.  

Another important highlight of the present study was that it provided an illustration on the probable prevalence of EHEC O157 in dairy farm cattle in Chittagong, Bangladesh. In this study the term “probable EHEC O157” was used to estimate the prevalence of this group in the study population because the study missed to include the investigation of the fourth virulence genes–stx and eae because of time and resource limitations. 

There is a little information on the isolation and characterization of EHEC O157 strains in dairy farm cattle in Bangladesh (Arifeen et al., 2005), but there is published report on the pathogens from children with diarrhea (Islam et al., 2007). Reports of prevalence and persistency of EHEC O157 in farmed dairy cattle have probably not been published before of this study.

The prevalence that we have found in the dairy cattle was 7.6% (95% CI 4.3 – 12.7%).  The detection rates of EHEC O157 were variable among countries. In general, prevalence rates ranged from 0.3 to 19.7% in feedlot cattle, 0.7 to 27.3% in cattle on irrigated pasture, and 0.9 to 6.9% in cattle grazing rangeland forages (Hussein and Bollinger, 2005). The prevalence of EHEC O157 was 3.3% in bovine feces in Thailand and 8.7% in Spain (Orden et al., 2002). The differences in the detection among these studies are probably due to the fact that the patterns of shedding rates might be affected by diet, age, environmental condition, and seasonal variation (Kudva et al., 1997). This study reveals that the proportion of EHEC O157 varies in milking cows, heifers and calves. The rate is slightly high in the heifers and calves comparing to dairy cows which is in agreement with Cobbold and Desmarchelier, 2000, Orden et al., 2002 and Shinagawa et al., 2000. This might be because the dairy cattle are frequently treated with antibiotics for mastitis and other diseases so the bacterial loads are low in those. Also we can find that the isolation rates are low in those cattle suffering from diseases or which have suffered mastitis earlier which illustrates the point of antibiotic use as the dairy farms are more prompt to use antibiotics at the occurrence of any diseases. As we have also found that the prevalence is higher in the non-antibiotic used group compared to the antibiotic used group, this also gives us a little insight into the frequent use of antibiotics in diseases which might not be indicated by the professionals. 

In recent years, DNA macro-restriction analysis by PFGE has been used increasingly for the molecular subtyping of a wide range of bacterial and fungal pathogens. Different authors (Heuvelink et al. 1998; Radu et al. 2001) demonstrated that PFGE is a technique of very high discriminating power for STEC isolates, and we found that our stains are diverse genetically on the basis of PFGE band patterns. However, the antimicrobial resistance profile that was observed in the study could not be correlated with specific PFGE subtype because of analyzing only four isolates for PFGE. 

Isolates showing resistance to antimicrobials tested were also of diverse nature based on the variable numbers of antimicrobials against which they showed resistance. However, in the present study, it was observed that a high prevalence of resistant isolates to sulfamethoxazole, tetracycline and ampicillin, an agreement with some previous reports (Galland et al., 2001; Meng et al., 1998; Zhao et al., 2001). Because antimicrobial-resistant bacteria from food animals may colonize in humans and most of the farm reported that they sell un-pasteurized raw milk to household delivery which means the contacts with their produce are close and more frequent with consumers could be the mode of transmission. In such cases antimicrobial resistant strains might have more zoonotic consequences. Most of the farm staff responsible for the operation of milking and milk delivery is not well trained to be aware of the risk of the contamination of the milk or the transmission of the EHEC through milk to consumers. Also the dung is frequently used in the cultivation field which might also be a source for the contamination and transmission of EHCE if they are used in the fields of vegetables which can be consumed without cooking.
CHAPTER-VI

CONCLUSION

All the 21 cattle farms investigated for probable EHEC O157 were positive for the organism and the magnitude of colonized animals with it varied from farm to farm.  Overall, of the 419 animals sampled, 32 were positive for probable EHEC O157, indicating that its prevalence might be7.6% (95% CI4.3-12.7%). Phenotypic differentiation of probable EHEC O157 from other members of E. coli resulted from the RAJ samples was made based on sorbitol non-fermenting property. The strains finally identified as probable EHEC O157 were not verified by the presence of any virulent genes, such as stx1, stx2, eae and HlyA, but PGFE profiles of the four isolates indicated that each was diverse from one another, although they all had the seven house-keeping genes. Not all the probable EHEC O157 was susceptible to the 11 antimicrobials tested, but most showed diversity in their resistance patterns. Further studies are needed to explore the presence of virulent genes in the probable EHEC strains obtained from this survey, and their potential to cause human infections. 
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Appendix

Table 8.  Data Collection sheet used during sample collection
Sample Collection sheet


Date:                                                 Sample code number:

GPS coordinates = X:                                                              Y:

Name of the Farm:

Address of the Farm:

Number of cattle in the farm:  calf: ………..; Adult: ………….

Clinical presence of any diseases on the day of sample collection:? Yes/No; if yes which disease suspected? 

*Body score: +/++/+++/++++

Any antibiotic used in the past 15 days? Yes/no; if yes which antibiotic: 

Duration of antibiotic used: 

Is anybody in the family suffering from diarrhea? Yes/no, if yes, duration of illness.

Sample collected from diarrheic person? yes/no

Sample code: Area/breed/age category/sex/sl.no. 

Area = C or N or R;                 C= Chittagong, N= Noakhali, R= Rajshahi

      Breed type = L or Cb;              L= local, Cb= Crossbred

      Age category= C or A;            C= Calf (≤ 1 year), A= Adult (≥ 1 year) 

      Sex = M or F

      Sl. No. = 1, 2, 3,


 Example: C/L/A/F/15

*Body Score: (+) = Good body condition

                      (++) = Rough body condition and ribs are moderately visible

                      (+++) = cachectic, protruding rib with prominent pin bone, no diarrhea.

                      (++++) = cachectic, protruding rib with prominent pin bone, presence of diarrhea.

Result of the test: Positive / negative
Farm Data
Name of the farm:-

Name of the owner:-

Address:-……………………………………………………………………………………………………………………………………..

…………………………………………………………………………………………………………………………………………………….

GPS – X-………………………………………………………………… Y-………………………………………………………..
Farm Size: Total animal-                                Milking cow-                                 Dry Cow-

                                   Bull-                                           Heifer-                                        Calf- 

Total milk yield:-

Dung disposal system:- 1. Open pit 2. Covered pit 3. Bio-gas pit

Drainage system:- 1. Open drain 2. Covered drain

Milking system:- 1. Hand milking 2. Machine milking

Milking stuff :- 1. Well trained (Know the procedure of hygienic milking)

2. Not well trained (Does not know the hygienic procedure of milking)

Milk delivery system :- 1. Pasteurized  2. Unpasteurized

Milk sold to:- 1. Whole sale shops 2. Retail shop 3. Home Delivery  4. Sweet factory

Hygiene score of the farm-

++++ = Very well cleaned and managed – very good
+++   = Floors are washed daily but feces visible on the drains - Fair
++     = Not well cleaned, feces in the floor as well as in the drains - Satisfactory
+      = not hygienic, pile of cow dung visible, Cows soiled with feces - Poor
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Figure 7. Bacteriological investigation of collected sample; A: Rectal swab in BPW (left), B: final enrichment in TSB (right).

	Rectal swab from animal

Placed into collection tube containing 5 ml Buffered Peptone water (BPW)

Incubation at 37oC for 8 hours

Subculture into

CT-SMAC agar plate

Incubated at 37oC for 18 hours

Five cross sectional white colonies from CT-SMAC were picked up and transferred to a 10 ml test tube containing 5 ml of tryptic soy broth (TSB)

It was incubated at 37 °C for 6 h with continuous shaking

Any growth in TSB was inoculated onto CT-SMAC

incubated at 37 °C for 18-24 h

When only homogenous colorless colonies were seen then 5 cross-sectional colonies of them were mixed together again

The mixture was inoculated onto an Eosine Methylene Blue (EMB) agar and incubated at 37 °C for 24 h to verify whether the bacterial population was E. coli, or not.


Metallic sheen on EMB were considered as probable EHEC O157

They were re-inoculated into TSB, incubated at 37 °C for 20 h

It was preserved at -80 °C with 15% glycerin until investigation for more diversity at molecular level.

Molecular investigation







Figure 8. Sequential steps for characterization procedure of E. coli O157
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Figure 9. Steps of Antimicrobial susceptibility test. A, growth of E. coli on MH agar plate; B, Turbidity checking of inoculums; C, Antimicrobial discs; D, placing the discs on MH agar plate; E-F,  Measuring zones of inhibition.  Gray shading represents a confluent lawn of bacterial growth.   The white circle represents no growth of the test organism.
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