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[bookmark: _Toc168619528]ABSTRACT

Ethiopian traditional diets frequently include raw meat and its products, which can include the high-risk pathogen Escherichia coli O157:H7. Most of the time, E. coli O157:H7 causes antibiotic resistance in both humans and animals. Therefore, in the Akaki Kality sub-city , the investigation was carried out to ascertain the prevalence and antimicrobial resistance profile of E. coli O157: H7 isolated from ruminant carcass swabs from abattoir and butcher shops. 408 samples were taken from the randomly chosen swabs of the floor, knife, and carcass from the butcher and abattoir that were investigated; of them, 11.76% (48/408) tested positive for E. coli O157:H7. Regarding the sample source, out of all the samples analyzed, the butcher shop had the highest overall prevalence of E.coli O157:H7 contamination (16.67% (30/180), followed by the abattoir sample (7.89% (18/228). Significant variations in prevalence were noted between sample sources (p<0.05). E. coli O157:H7 was highly prevalent in bovine, caprine and ovine  (13.3% (24/180), 11.67% (14/120, and 9.26% (10/108), respectively, when it came to species. Based on the type of sample used in this investigation, the highest prevalence rate of E.coli O157:H7 was found in carcasses (14.5%) (29/200), followed by floors (12.1%) (12/108), and knives (7%/7/100). Using ten antimicrobial discs that were on hand, the antimicrobial susceptibility testing of 48 E.coli O157:H7 isolates showed that the isolates were susceptible to 100% of trimethoprim, 97.32% of oxytetracycline, 89.58% of gentamycin, and 83.33% of kanamycin. Tetracycline (87.5%), ampicillin (85.42%), and streptomycin (93.75%) had the highest rates of antimicrobial resistance. The high rate of antibiotic resistance and the general high prevalence of E. coli O157:H7 thus suggest that there may be a risk to patient safety and medication efficacy. Based on the findings of this study, government officials, project managers, and veterinarians should collaborate to establish more stringent oversight of antibiotic usage in both animal and human population.



[bookmark: _Toc159408769]Key words: Abattoir, Akaki kality, Antimicrobial Resistance, E.coli O157:H7, Prevalence, ,
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[bookmark: _Toc168619529]1. INTRODUCTION


[bookmark: _Toc147818939][bookmark: _Toc158841838][bookmark: _Toc159408770][bookmark: _Toc168619530]1.1 Background of the Study


The proliferation of germs in fresh meat is significantly influenced by its pH level and water content. Meat is therefore seen as being extremely perishable. When carcasses and meat products are handled, processed, prepared, and distributed, there is a chance of cross contamination (Dave & Ghaly, 2011). Bacterial infections provide the greatest threat to consumer safety when it comes to biological hazards involving meat (Sofos, 2008). According to (Assefa, 2019), food-borne infections are the primary global cause of sickness and mortality among humans. The majority of pathogenic microorganisms are zoonotic. Numerous foodborne infections have reservoirs in healthy food animals (Abebe et al., 2020 and Abereham et al., 2019).

E. coli O157:H7 is categorized as a food-borne disease and is spread by contaminated food. This disease can be spread via a variety of contaminated foods, such as vegetables, various meat products, ground beef, and unpasteurized dairy products, which are the primary cause of major outbreaks worldwide (Heiman et al.,2015).  E. coli O157:H7 can originate from both domestic and wild animals, however domesticated ruminants, mainly cattle, sheep, and goats are the main animal carriers (Sima et al., 2009; Kiranmayi et al., 2010 and Rahimi et al., 2012a). The biggest threat to food safety is the possibility of contamination of edible carcass tissue. The type and degree of this contamination depends on the pre-slaughter animals  E. coli O157:H7 status and any procedures that spread the organism within or between carcasses while dressing (McEvoy et al., 2000). 

Antimicrobial resistance in bacteria has a long history and is well recognized as a major global issue (Cohen, 2000). Antimicrobial resistance (AMR) has been created by bacteria due to their increasing use and misuse. Antimicrobial-resistant organism infections are not only hard to cure, but they also carry a constant risk of serious sickness and possibly even death. Antimicrobial resistance (AMR), which has serious repercussions including significantly higher morbidity and mortality, is becoming more common due to the increased use of antibiotics, particularly in poor nations (Tenover, 2006). To reduce the prevalence of drug-resistant bacteria, more monitoring is required to determine the effects of excessive and uncontrolled antibiotic usage in animal feed (Ghimpet et al., 2022).

In recent years, antimicrobial resistance has become a significant issue in health issue, and numerous programs have been established to monitor it in both human and veterinary settings. The primary targets of these projects are zoonoses agents, human infections, and indicator microorganisms of the typical gut flora in animals. The resistance of particular animal diseases, however, has not received much research (Lanz et al.,2003). Antimicrobial resistance is currently developing and has been linked to a number of variables. exposure to sub-lethal doses of antibiotics and recurrent use are two of the contributing variables (Asredie and Engdaw, 2015). Genetic and nongenetic resistance to antimicrobials are two different things. Nongenetic resistance is the situation in which bacteria become resistant to antimicrobials without undergoing genetic modification; examples of this type of resistance include plasticity resistance, which is demonstrated by biofilms, and persistent medication ineffectiveness. Other methods of non-genetic resistance are exhibited by phenotypic changes in response to the metabolic state of the bacterium (Van et al., 2015). 

[bookmark: _Hlk170897296]Antimicrobial resistance in human pathogenic bacteria has several negative effects, such as a rise in infection rates, a rise in treatment failure rates and infection severity, and ultimately, a rise in the societal costs of illness. Longer disease duration, a higher prevalence of bloodstream infections, hospitalization, and mortality are all indicators of a greater severity of infection (Mohamed et al., 2019). According to the most current Ethiopian study, 10.2% (39/384) of the three types of raw meat samples (beef, sheep, and goat's meat) in Addis Ababa had isolates of E. coli O157:H7. 13% (17/128) isolated from beef, 12% (12/128) from sheep meat, and 10% (10/128) from goat meat. The E. coli O157:H7 that was resistant to tetracycline (5%), and streptomycin (33%) were among the antimicrobials that were found in 14 (3.64%) of the 384 retail raw beef samples that were tested (Tizita et al., 2014). Other studies conducted in Addis Ababa,  among 13 E.coli O157:H7 isolates were resistant to both ampicillin (92.8%) and tetracycline (50%)  from those isolates  (Aklilu et al., 2022)  .  

[bookmark: _Toc147818940][bookmark: _Toc158841839][bookmark: _Toc159408771]These findings demonstrated that, in general, animals destined for slaughter in Ethiopia were not examined for the presence of germs from retail establishments and slaughterhouses. The purchased  animals and its  product containing E. coli O157:H7. Thus, one of the most recent concerns regarding food safety and cleanliness should be animal product contamination with E. coli O157:H7. In particular, Addis Ababa is a strategic area  because to its high population density and significant consumption of beef and small ruminant meat contaminated with E . coli O157:H7. However, there is still lack of information regarding  with antimicrobial resistance and the presence of E. coli O157:H7 in the study area. In addition, there is no close collaboration of veterinarian and farm owners about drug usage  of antimicrobial and risk of antimicrobial resistance.  The goal of this study was to close the documentation and information gap in the study area. Therefore, based on the above facts the objectives of this research are: -
1.2 [bookmark: _Toc168619531]General Objective

· Determine the prevalence  and  antimicrobial resistance profile of  E. coli O157:H7 isolated from ruminant meat swabs from municipal abattoir and butcher shops in Akaky kality sub city .
[bookmark: _Toc147818941][bookmark: _Toc158841840][bookmark: _Toc159408772][bookmark: _Toc168619532]1.3 Specific Objectives

· [bookmark: _Hlk170898087] To conduct antimicrobial susceptibility test and assess the antimicrobial resistance pattern of E. coli O157:H7 isolated from ruminant carcass swab from the municipal abattoir and butcher shops in Akaky kality sub city.
· [bookmark: _Hlk170897958][bookmark: _Hlk170898058]To isolate and determine the prevalence of E. coli O157:H7  from ruminant meat swabs from municipal abattoir and butcher shops, together with the risk factor species (Ovine, Caprine, and Bovine), location where the sample was taken and site, sample type, and sample source. 
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[bookmark: _Toc147818942][bookmark: _Toc158841841][bookmark: _Toc159408773][bookmark: _Toc168619533][bookmark: _Toc147818958]2. LITERATURE REVIEW
[bookmark: _Toc158841842][bookmark: _Toc159408774][bookmark: _Toc168619534][bookmark: _Toc158841843][bookmark: _Toc159408775][bookmark: _Toc168619535]2.1.  The Organism and Its Characteristics 

Based only on clinical symptoms, it is challenging to characterize an E.coli infection because comparable symptoms can be found in a number of different infections. It is often known that not only can different illnesses arise in comparable groups, but they also have similar symptoms. There is conflicting information regarding the presence of Shiga toxin-producing E.coli (STEC) O157:H7 infections in humans, animals, and the environment (Kaper et al., 2004 and Eckburg et al., 2005). Pathogenic E.coli is categorized into serotypes based on unique external variations in the antigens, which can be inferred by differentiating genes involved in the manufacture of antigens or detected using agglutination assays. Evidence of E. coli (STEC) O157:H7 infections that produce Shiga toxin in humans, animals, and the environment (Bergeron et al., 2012). Humans have a well-established history of contracting E.coli infections from animal food sources. E. coli can persist in conditions like water and soil when it is released from human and animal waste (Schroeder et al., 2002).
[bookmark: _Toc168619536]2.1.1 Diarrheagenic Escherichia coli (DEC)

 In worldwide, ETEC bacteria are recognized as a significant contributor to the general issue of diarrheal illness. Because ETEC strains are the primary cause of traveler's diarrhea and acute watery diarrhea in children in developing nations, which can occasionally be fatal, they are of worldwide significance. Food safety has significantly improved as a result of the E. coli O157:H7 outbreak linked to ground beef. Diarrheagenic E. coli infections are also more common in African nations, primarily in Ethiopia (Ateba and Mbewe, 2011).
[bookmark: _Toc168619537]2.1.2 Enterotoxigenic Escherichia coli (ETEC) 

[bookmark: _Toc167277052]Heat-labile toxin (LT) and heat-stable toxin (ST) are the two enterotoxins that E.coli strains that generate one or more of are referred to as ETEC strains. Although different pathogenic ETEC strains are capable of excreting one or both toxins, the illnesses brought on by each toxin are similar It is distinguished by the presence of pathogenic E.coli strains that emit a variety of toxins from two distinct enterotoxin families (Zhang et al., 2007). Piglets' diarrheal illness was originally linked to the ETEC strain, and young animals are still dying from diseases caused by this virus. The lining of the gastrointestinal tract becomes inflamed when LT or ST infections occur in the small intestine, leading to excessive water secretion and diarrhea (Casey and Bosworth., 2009).

[bookmark: _Toc158841844][bookmark: _Toc159408776][bookmark: _Toc168619538]2.1.3 Shiga-toxin-producing E. coli (STEC)

Escherichia coli are thought to be a typical component of the intestinal flora in many mammal and bird species (Zinnah et al., 2007). Generally speaking, E.coli is a kind of unharmful bacteria that is frequently employed as an indicator organism for faecal contamination and hygiene violations. Nonetheless, a number of E.coli clones have developed virulence traits that enable them to fit into new niches and, in certain situations, to spread dangerous illness (Farrokh et al., 2012). Based on their virulence characteristics, E.coli is classified into six groups: enteropathogenic (EPEC, causative agent of diarrhea in humans, rabbits, dogs, cats, and horses), enterotoxigenic (ETEC, found in pigs, cattle, dogs, and goats), enterohaemorrhagic (EHEC, found in humans, cattle, and goats), and enteroaggregative E. coli (EAggEC), found only in humans (Biswas et al., 2006; Xia et al., 2010). 

[bookmark: _Toc168619539][bookmark: _Toc158841845][bookmark: _Toc159408777]The enterohemorrhagic zoonoses, which is also the most severe, is the most significant category (Acha and Szyfres, 2001). The morphology of all STEC, including serotype O157:H7, is the same. They are facultative anaerobic, Gram-negative bacteria that are members of the Escherichia genus and the Enterobacteriaceae family (Xia., 2010; Farrokh et al., 2012). Shiga toxin, produced by Escherichia coli O157:H7, is a major source of foodborne sickness in humans and ruminants, who seem to be colonized by E. coli  STEC more frequently than other animals; however, the explanation for this is uncertain (Cornick et al., 2000).
[bookmark: _Toc168619540]2.1.4 Growth and Inactivation 

Escherichia coli is a typical mesophile that grows from 7–10 °C to 500 °C, with an optimal temperature of 37 °C. However, there have been reports of certain ETEC strains thriving as low as 4 °C. With a value at 60°C of about 0.1 minute, it exhibits no discernible heat resistance and may withstand prolonged refrigeration or freezing storage (Adams and Moss , 2008 and Xia, 2010). Although growth is best at a pH close to neutral, under otherwise ideal circumstances, growth can occur as low as pH 4.4 (Adams and Moss, 2008). In the typical laboratory temperature range of 30-42°C, serotype O157:H7 has been demonstrated to grow effectively in broth media and to withstand freezing in ground beef. Serotype O157:H7 grows poorly at temperatures over 44–45°C, and since these temperatures are frequently employed to identify E. coli in food samples, it is likely that these conditions will have a negative effect on the serotype's recovery from food (Hui et al., 2001). In addition, a recent study has demonstrated that, in contrast to non-pathogenic E. coli, E. coli O157 strains have innate genetic mechanisms that permit growth at low temperatures (<15°C) (Vidovic et al., 2011).
[bookmark: _Toc158841846][bookmark: _Toc159408778][bookmark: _Toc168619541]2.1.5  Biochemical Properties

Several sugar-fermentation tests and other biochemical analyses can be used to distinguish E. coli from other Enterobacteriaceae members. Traditionally, the acronym IMViC has been used to refer to a significant set of tests employed for this purpose. The following abilities were tested: the production of indole from tryptophan (I); the ability to use citrate (C); the production of acetoin (acetyl methyl carbinol) (V); and the ability to lower the medium pH below 4.4, the breakpoint of the indicator methyl red (M) (Adams and Moss, 2008). The indole test is still the most effective way to distinguish E.coli from other Enterobacteriaceae members, even though it may be identified through a number of biochemical processes (Xia, 2010).
[bookmark: _Toc158841847][bookmark: _Toc159408779][bookmark: _Toc168619542]2.1.6 Acid and Salt Tolerance

Highly acid-resistant Escherichia coli O157:H7 is a foodborne pathogen that thrives in the stomach's acidic environment and forms colonies in the gastrointestinal system (Price et al., 2004). Additionally, it makes STEC O157:H7 more likely to survive in acidic foods and to do so for longer periods of time, especially at refrigerated temperatures (Meng et al., 2007). Therefore, tainted fermented and cultured foods like cheese and yogurt have been linked to isolated incidents and outbreaks (Baylis, 2009; Farrokh et al., 2012). In broth containing 4.5% NaCl, E.coli O157:H7 has a three-fold longer doubling time than at 6.5% NaCl, with a generation time of 31.7 hours. At 8.5% NaCl, there is no growth (Jay, 2000).

[bookmark: _Toc158841849][bookmark: _Toc159408781][bookmark: _Toc168619543]2.2. Epidemiology of Enteric E. coli O157:H7

[bookmark: _Toc158841850][bookmark: _Toc159408782][bookmark: _Toc168619544]2.2.1. Distribution

Globally, there have been an increasing number of STEC O157:H7 cases and outbreaks recorded. Numerous epidemics across the globe were caused by E.coli O157:H7 (Xia et al., 2010). For example, epidemics in the United States, Canada, and Great Britain have resulted in the isolation of serotype O157:H7. Additionally, Argentina, Australia, Belgium, the former Czechoslovakia, China, Germany, Holland, Ireland, Italy, Japan, and South Africa have all experienced isolation from it. African reports (Effler et al., 2001). have demonstrated that E. coli O157:H7 infection rates may be overestimated in nations without access to diagnostic tools (Tarr et al., 2005). In the USA, Canada, and Scotland, annual incidence rates of at least 8 per 100,000 people have been documented (Constantine, 2002).

[bookmark: _Toc158841851][bookmark: _Toc159408783][bookmark: _Toc168619545]2.2.2. Susceptibility

The majority of individuals concur that cattle are the main natural source of EHEC. All cow ages are susceptible to EHEC colonization, despite the fact that sub-adult calves exhibit peak shedding from weaning to 24 months of age (Hussein and Sakuma, 2005; Joris et al., 2012). All ages of people are susceptible to STEC infection. However, the young and old are more susceptible and likely to have more severe symptoms (FDA, 2012).
[bookmark: _Toc158841852][bookmark: _Toc159408784][bookmark: _Toc168619546] 2.2.3. Routes of Transmission of  E.coli O157:H7

E. coli O157:H7 is categorized as a food-borne disease and is spread by contaminated food. This disease can be spread via a variety of contaminated foods, such as vegetables, various meat products, ground beef, and unpasteurized dairy products, which are the primary cause of major outbreaks worldwide (Heiman et al., 2015). illnesses associated with Escherichia coli O157:H7 have been reported and seen worldwide. E. coli O157H7 often spreads by food and drink, direct human-to-person contact, animal-to-person contact, and in rare cases, occupational exposure. Foods originating from cattle, particularly ground beef and raw milk, have been linked to the majority of foodborne outbreaks (Constantiniu, 2002; Fairbrother and Nadeau, 2006; Gyles, 2007). Feces excreted by sheep, birds, cattle, bats, pigs, goats, and dogs contain the E.coli O157:H7 strain. The primary reservoirs of the E. coli O157:H7 serotype and the primary causes of E.coli O157:H7 illness in humans are both sheep and cattle. People who come into contact with water or soil polluted with animal excrement, such as butchers' and brushes', may become ill due to the fecal emission of E. coli O157 (Van et al., 2020).

[bookmark: _Toc158841853][bookmark: _Toc159408785][bookmark: _Toc168619547]2.2.4. Carrier and Sources of Infection 

Enterohemorrhagic E.coli O157:H7 can be found in both domestic and wild animals, but healthy domesticated ruminants, mainly cattle and to a lesser extent, sheep and  goats are the main animal carriers (Kiranmayi et al., 2010; Rahimi et al.,  2012a). According to (Elder et al., 2000 and Aslam et al., 2003), the primary sources of E. coli O157H7 contamination of carcasses after slaughter are cow feces and hides. The environment, feed, and drinking water are the primary causes of STEC infection in cattle. Cattle that carry the bacteria may also infect the environment, as can production animals of other species (such as sheep, goats, or pigs), companion animals (such as dogs, cats, or horses), wild animal species (such as deer), and insects (such as flies). Direct contact with other cattle or animals of different species can potentially result in infection (Fairbrother and Nadeau, 2006).The primary sources of the E. coli O157:H7 serotype and the illness that infects humans are sheep and cattle. People who come into contact with water or soil polluted with animal excrement, such as butchers' and brushes', may become ill due to the fecal emission of E. coli O157 (Van et al., 2020).

The strain of E. coli O157:H7 is recognized as a potentially dangerous global zoonotic pathogen. The E. coli O157:H7 strain can be identified in the excrement of animals such as dogs, cats, sheep, goats, pigs, and birds. The main sources of the E.coli O157:H7 serotype strain of Escherichia coli and the main cause of O157:H7 infections in humans are sheep and cattle. Humans who come into touch with animals, soil, or water tainted by animal excrement from butchering or brushing may become ill from the fecal emission of E. coli O157 (Sydney et al., 2022). Whenever feasible, E. coli genetic pathogenicity determinants are carried on plasmids, making it a potentially harmful organism to humans (Johnson and Nolan, 2009).The largest VTEC serotype is linked to at least one large plasmid that encodes multiple virulence components, including hemolysin, each of which differs genetically from the plasmid backbone, indicating a complex evolutionary history  (Ogura et al., 2009).
[bookmark: _Toc158841854][bookmark: _Toc159408786][bookmark: _Toc168619548]2.3. Diagnosis

[bookmark: _Toc158841855][bookmark: _Toc159408787]Phenotypic differences with most other serotypes, such as the failure to ferment sorbitol on MacConkey sorbitol agar and the lack of β-glucuronidase activity in most strains, are used to identify E. coli O157:H7. A commercially available latex agglutination kit is required for the serological confirmation of presumed E. coli O157:H7 from these tests (Adams and Moss, 2008). 
[bookmark: _Toc168619549]2.4. Treatment

It is debatable whether or not to treat STEC infections with antimicrobials (Panos et al., 2006; Ochoa et al., 2007). However, several researchers found that giving antimicrobials to treat STEC infection increased the production of Shiga toxin and increased the chance of deadly consequences (Zhang et al., 2000; Wong et al., 2000). According to in vitro research, the majority of strains are sensitive to different antibiotics; nevertheless, at sub-lethal concentrations, some antibiotics may cause an increase in the release of a toxin called Shiga-like, which has been linked to the onset of HUS. Antimicrobials do not appear to be useful in shortening the duration of bloody diarrhea or E. coli infections, according to any clinical research (Collins and Green, 2010).
[bookmark: _Toc158841856][bookmark: _Toc159408788][bookmark: _Toc168619550]2.5. Control and Prevention of E. coli O157:H7 Infection

In order to significantly lower E. coli O157:H7 infections, a control program that is effective will need to include intervention measures from the farm to the consumer. At the farm, bacteriophage, competitive exclusion of bacteria, and focused animal management techniques that target prevalent contamination sites are promising intervention strategies. In food handling and preparation, consumers can also play a part in putting intervention controls in place. Regrettably, a lot of people handle and store food incorrectly, consume high-risk meals, and disregard warnings when it comes to foods that are known to be dangerous (Sanchez et al., 2002). Strict hygiene protocols should be implemented in order to reduce the risk of human infection from direct contact with farm animals. These protocols should include limiting access to farms, managing visitor movement, having easily accessible restrooms, having a disinfection method available in case visitors come into contact with the animals, and separating eating areas from animal housing areas (Fairbrother and Nadeau, 2006).

[bookmark: _Toc158841858][bookmark: _Toc159408790][bookmark: _Toc168619551]2.6. Antimicrobial Resistance

Antimicrobial medications are used in animal husbandry for growth promotion, prevention, and therapy. Antimicrobial resistances are selected and bacterial populations are subjected to selective pressure as a result of the usage of such medications. Thus, the environment spreads the pool of resistance genes (WHO, 2004). The use of antimicrobial treatments in food-producing animals, particularly in poor countries where human medicine usage is prevalent, virtually inevitably leads to drug resistance in food-borne bacterial enteric pathogens (Bogaard and Stobberingh, 2000; Threlfall et al., 2000). 
[bookmark: _Hlk167872351][bookmark: _Toc168619552]2.6. 1 Antimicrobial Resistance  Establishment
 
The development of antimicrobial resistance in bacteria is an evolutionary reaction to the difficulties posed by therapeutic medicines. From a therapeutic standpoint, when an antibiotic is first introduced, all targeted pathogens are still susceptible to it; nevertheless, over time, bacteria become resistant to the antimicrobials. From an evolutionary standpoint, bacteria either acquire foreign DNA through horizontal gene transfer (HGT) that codes for resistance determinants or adapt the action of antibiotics by mutating chromosomal genes. The three main gene types that are mutated are those that encode the antibiotic's targets, transporters, and regulators that suppress the expression of transporters (Davies and Davies, 2010). 

Genes from intrinsic, acquired, or adaptive sources may be present in bacteria that show antibiotic resistance (Lee, 2019). The ability of bacteria to exhibit resistance to specific antibiotic classes owing to the presence of their chromosomal genes, without the need for mutation or gene acquisition, is known as intrinsic resistance. The term "intrinsic resistance" describes the inescapable resistance that certain bacteria will exhibit to specific antibiotics when employed to treat infections. Intrinsic resistance involves both decreased permeability and efflux pumps in terms of drug-resistance mechanisms. Additionally, it typically affects the multidrug efflux pumps (Martinez, 2014; Cox and Wright, 2013). 

A previously susceptible bacterium might develop acquired resistance as a result of chromosomal gene mutations acquired through evolution or external genetic material acquired through horizontal gene transfer (HGT). HGT operates through three primary mechanisms: conjugation, transposition, and transformation. The acquired resistance can be either temporary or permanent, and it is often passed on via a plasmid obtained by conjugation (Holmes et al., 2016 and Munita et al., 2016).

[bookmark: _Hlk167873231]Adaptive resistance is a phenotype that is contingent on environmental changes; its permanence or interlude-ness depends on the strength and duration of selection pressure. Bacteria can acquire adaptive resistance in humans and livestock when their growth is impacted by subinhibitory antibiotic doses in conjunction with particular environmental cues as growth hormones, nutrition, stress, pH and ion concentrations. Adaptive resistance, in contrast to intrinsic and acquired resistance phenotypes, typically develops transiently and returns to its initial state when the inciting signals are removed. Numerous factors, such as high mutation rates, gene amplification, efflux pumps, biofilm formation, epigenetic inheritance, population structure, and heterogeneity, have been mentioned as potential explanations for the development of adaptive resistance, even though the precise biological processes involved in its evolution are not well understood (Fernández et al., 2012 and Rizi et al., 2018).
[bookmark: _Toc168619553]2.6.2  Mechanisms of Drug Resistance

[bookmark: _Hlk167873347]2.6.2.1  Reduce  Drug Uptake

Bacteria generally employ drug target modification, drug inactivation, and drug efflux mechanisms for acquired resistance, while drug uptake restriction, drug inactivation, and drug efflux are the main causes of intrinsic resistance. The structural differences between gram-positive and gram-negative bacteria result in differences in their drug-resistance mechanisms. Because they lack the lipopolysaccharide outer membrane and have a restricted ability for an efflux mechanism to specific types of medications, gram-positive bacteria are less likely to use the approach of restricting uptake of a drug (Chancey et al., 2012 and Reygaert, 2018). 

Gram-negative bacteria in particular have been implicated in a variety of drug resistance mechanisms. The primary component of gram-negative bacteria's outer membrane is lipopolysaccharide, a highly acylated glycolipid that acts as a permeability barrier for a range of substances, including antibiotics. Gram-negative bacteria have an innate resistance that reduces the permeability of some drugs, resulting in resistance. Furthermore, acquired drug resistance may result from changes in the permeability of outer-membrane proteins, including porin protein. For hydrophilic antibiotics like tetracyclines and chloramphenicol, porins are the main point of entry. The amount and kind of porin proteins influence how these antibiotics enter the bacterial cell, which in turn influences how susceptible the bacteria are to these drugs (Choi and Lee, 2019).

[bookmark: _Hlk167874145]2.6.2.2 Alteration of Drug Targets

The targets needed for drug binding can be changed by bacteria such that the drug either doesn.t bind at all or binds poorly to the altered target. This alteration arises from spontaneous mutations in the gene or genes encoding the medication target protein. microorganisms that are not gram-negative Another kind of antibiotic resistance exhibited by these bacteria is E. coli O157:H7. A biofilm is a collection of microorganisms adhered to either abiotic or biotic surfaces, encased in self-produced exopolysaccharides. Through a number of mechanisms, including blocking antibiotic penetration, it is known to confer bacterial tolerance and resistance to antibiotics. Moreover, it might prevent the development of antibiotics at bactericidal concentrations throughout the whole biofilm (Ghai, 2018  and Dutt et al., 2022).
2.6.2.3 Drug Efflux

The buildup of antibacterial substances, such as antibiotics, inside bacterial cells can be managed by bacteria through the action of an energy-dependent efflux pump situated on the cytoplasmic membrane. Efflux pumps give bacteria the ability to regulate their internal environment by removing toxic substances from the cell, including metabolites, antibiotics, and quorum-sensing signal molecules.the first efflux pump in Escherichia coli, encoded by a plasmid, that forced tetracycline out of the bacterial cell. It has been discovered that there are several resistant gram-positive and gram-negative bacteria with a variety of efflux processes. Remarkably, most efflux systems use multidrug efflux mechanisms that are chromosomally encoded to guarantee intrinsic drug resistance in bacteria (Nikaido et al., 2012).
[bookmark: _Toc168619554]2.7 Factors that Aggravate the Occurrence of  Antimicrobial Resistance

several variables, including innate characteristics of the bacteria and several environmental factors involving both prescribers and consumers, contribute to the development of antimicrobial resistance. In general, AMR-causing factors can be categorized as follows: drug-related factors (e.g., counterfeit drugs, subpar drugs, and over-the-counter drug and availability); environmental factors (e.g., rapid spread through poor sanitation, ineffective infection control program, and widespread agricultural use); and physician-related factors (inappropriate prescription, inadequate dosing, and lack of updated knowledge and training) (Reygaert, 2018). Overuse and the emergence of microbial resistance to antibiotics are causally related (Chaw et al., 2018).

[bookmark: _Toc158841857][bookmark: _Toc159408789]Many poor nations lack sufficient diagnostic infrastructure. Often misused, giving antibiotics without a clear indication is one example. Another factor that leads to antibiotic (antimicrobial) abuse is a deficiency in established treatment standards and antibiotic policies, which are often absent in developing nations. Furthermore, in many developing and impoverished nations, veterinarians, pharmacy owners, and health professionals frequently overprescribe antibiotics. Antibiotic-related medication shortages or subpar supplies have made antimicrobial resistance  worse in many underdeveloped nations. Furthermore, doctors who prescribe lengthy courses of antibiotics or who dose medications incorrectly may also be to blame for antibacterial resistance (Chokshi et al., 2019).

[bookmark: _Toc168619555]2.8  Public Health and Economic Significance of Antimicrobial Resistance E.coli  O157:H7

Ethiopia, a country in sub-Saharan Africa, is currently experiencing the greatest food poisoning outbreak globally. The most common cause of food poisoning in Ethiopia that poses a risk to longevity is E. coli O157. Lower respiratory tract infections are the second most common cause of sudden death in Ethiopia, following lower respiratory tract disease, and diarrhea has a negative impact on life expectancy, with an estimated 2.6 million cases reported in 2010. Fresh sausages, minced beef, and meat cubes from Gaborone were found to have STEC O157:H7, with corresponding prevalence rates of 2.26%, 3.76%, and 5.22%.127 Customers may become infected as a result of these beef products (Beyi et al., 2017 Carattol A, Zankari et al., 2014). 

Over the past 20 years, there has been an increasing number of cases of foodborne diseases linked to a tiny percentage of E. coli O157:H7, which are human pathogens. The most prevalent of them is E. coli O157:H7, which belongs to a class of pathogenic E. coli strains that are also referred to as entero-hemorrhagic, highly cytotoxic, or Shiga-toxin generating organisms (Rahimi et al., 2012b).The Centers for Disease Control and Prevention (CDCP) estimate that every year in the United States, entero-hemorrhagic E. coli (EHEC) serotype O157:H7 causes around 62,500 cases of foodborne infection. Pediatric hemolytic uremic syndrome (HUS) is a primary cause of renal failure in children, and these numbers include hospitalizations as well as 52 death (Sanchez et al., 2002).

Drug resistance is one of the many detrimental effects of antimicrobials' extensive use and availability on the world health care system. The necessity to rely on more costly medications, which may be practically unaffordable for the majority of primary healthcare programs, is one of the main economic ramifications of resistance to the declining effectiveness of antibiotic treatment (WHO, 2001). It has been discovered that antibiotic resistance leads to therapeutic failure and increased rates of death and morbidity, which could result in significant financial losses and issues with animal welfare in the veterinary field. Because it causes hurdles to international trade, antimicrobial residue is still highly significant from the standpoint of both consumer confidence and international trade. Furthermore, there is occasionally pressure to employ antimicrobial residues on non-tariff import barriers (Teshome, 2018).
[bookmark: _Toc158841859][bookmark: _Toc159408791][bookmark: _Toc168619556]















[bookmark: _Toc529134069][bookmark: _Toc147818959]3. MATERIALS AND METHODS
[bookmark: _Toc158841860][bookmark: _Toc159408792][bookmark: _Toc168619557][bookmark: _Toc147084759][bookmark: _Toc147085152][bookmark: _Toc147086557][bookmark: _Toc147415877][bookmark: _Toc147779879][bookmark: _Toc147780200][bookmark: _Toc147818960]3.1. Study Area

The study was carried out in Addis Ababa,  which is the capital city of Ethiopia. The city covers 540km2 and is divided into 10 sub-cities. The city is located at 9◦1′48′′N38◦44′24′′E, at an elevation of 2,355 meters above sea level. Minimum, maximum, and average temperatures in the city are 14, 21, and 17. 5 degrees Celsius, respectively. An estimated 3.15 million people live in the capital city (Haile et al., 2022). The target sub-city for this study was Akaki Kality, which is located on at latitude 8.9051886 and longitude 38.7106759 (Google Maps).
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[bookmark: _Toc168657078]Figure 1: Map of the study area
[bookmark: _Toc168619558]Source: CSA, 2010

3.2 Study Population

The study population consisted of apparently healthy slaughtered ruminants at the Akaki Kality municipal abattoir and  Butcher shops. The types of species of animals slaughtered in this abattoir are bovine, ovine, and caprine. The animals came from all throughout the country, but primarily from Jimma, Gojjam, Wollo, East Shewa, Wollega, West Shewa, and Arsi. They were also from the North Shewa of Amhara and Oromia area (CSA, 2020a).
[bookmark: _Toc168619559]3.3. Sample Size 
[bookmark: _Toc147084766][bookmark: _Toc147085159][bookmark: _Toc147086564]   
The sample size was determined E. coli O157:H7's antimicrobial resistance profile and the required level of accuracy, as stated by Thrusfield (1995), can be calculated using the following formula. 

N=1.962 Pexp (1-Pexp)            
[bookmark: _Toc147084767][bookmark: _Toc147085160][bookmark: _Toc147086565][bookmark: _Toc147084768][bookmark: _Toc147085161][bookmark: _Toc147086566]                          d2 
Where: N=required sample size             
[bookmark: _Toc147084769][bookmark: _Toc147085162][bookmark: _Toc147086567] P exp= expected prevalence             
[bookmark: _Toc147084770][bookmark: _Toc147085163][bookmark: _Toc147086568][bookmark: _Toc147084771][bookmark: _Toc147085164][bookmark: _Toc147086569] d = desired absolute precision  

The expected prevalence of 9.8%  from carcass swabs of ruminants reported by Mersha et al., 2010) from central Ethiopia was used.
(1.96)2 × 0.098 (1-0.098)   = 136           
           (0.05)2 

Therefore, The smallest possible sample size was 136, but in order to increase the precision three-fold of the minimum sample size was taken. So, 408 samples used for this research.

[bookmark: _Toc147818966][bookmark: _Toc158841864][bookmark: _Toc159408796][bookmark: _Toc168619560]3.4 Study Design and Sampling Methods

To determine the prevalence and antimicrobial resistance profile of E. coli O157:H7 strains from ruminants slaughtered at the Akaki Kality municipal abattoir and retail shops, a cross-sectional study design was carried out from December 2023 to May 2024. On each sampling day, simple random sampling techniques were used to choose animals from healthy slaughtered animals from municipal abattoir and Bucher shops and in the Akaki kality sub-city of Addis Ababa, Ethiopia,.
[bookmark: _Toc158841865][bookmark: _Toc159408797][bookmark: _Toc168619561]3.5 Sample Collection

The carcass swab samples from ruminants (beef, Sheep and Goat) were taken from the surface and deep areas of the chosen carcass at three different locations (abdomen, neck, and thigh) using sterile cotton swabs. The chosen corpses underwent swabbing utilizing the technique delineated in (IOS, 2005). A sterile, 2x3 centimeter cotton-tipped swab was used to sample the carcasses at the sites chosen for contamination. The swab was wet with roughly five milliliters of buffered peptone water and was rubbed both horizontally and vertically multiple times. Following the rubbing operation, the cotton swab was left within the screw-cupped universal bottle, which contained 5 mL of buffered peptone water. The shaft was then broken out of the bottle's inner wall. The carcass's various regions provided swab samples, which were then dipped into test jars with labels and five milliliters of peptone. All relevant data were recorded in a pre-planned format during the sample collection process, including the sample's location (neck, thigh, and abdomen), kind, source, and species. On the day of collection, the samples were then properly delivered using an ice box filled with ice packs. When the samples arrived, they were all kept in storage at 4°C until the NVI Microbiology Laboratory processed them for isolation and identification.
[bookmark: _Toc158841866][bookmark: _Toc159408798][bookmark: _Toc168619562]3.6 Isolation and Identification of  E. coli O157:H7

E. coli O157:H7 was found in all of the samples that were gathered in accordance with (Quinn et al., 2002). With a small modification, the bacterial technique for the isolation and identification of these bacteria. The manufacturers' instructions were followed for preparing the bacteriological medium that was utilized to isolate and identify these microorganisms. Following the homogenization of each original sample, 1 milliliter of the test sample was added to 5 milliliters of sterile peptone water and incubated aerobically for 24 hours at 37°C. MacConkey agar was streaked with each sample. This was an E. coli selective and differential medium that was aerobically incubated for 24 hours at 37°C for primary isolation. The growth of E. coli was monitored on the plates. 

Next, on MacConkey agar, a solitary colony of the usual bright pink color appeared. The shape, arrangement, and Gram responses of the isolates were ascertained by selecting a pure colony from nutrient agar plates and subjecting it to Gram staining in accordance with the methods outlined by Merchant and Packer. Gram-negative, rod-shaped, pink, and grouped in single or doubles were seen, which is characteristic of E. coli. Next, for a 24-hour aerobic incubation period at 37°C, a single colony was sub-cultured to 1% sorbitol MacConkey, a selective and differential medium for E. coli O157:H7 isolation. Pale colonies on SMAC belonging to non-sorbitol fermenters were suggested to be E. coli O157:H7. The presumed E. coli O157:H7 isolates were then identified by standard biochemical assays when the suspected colonies were moved to nutrient agar (Brenner et al., 2005). Additionally, the isolates' slide catalase test and molecular test (PCR) were carried out to confirm E. coli O157:H7 (MacFaddin, 2000).
[bookmark: _Toc168619563]3.6.1.Biochemical Test

Biochemical confirmation of  E. coli O157:H7 isolates can be achieved through the use of IMViC assays, a conventional approach. This quartet of assays is employed to distinguish between members of the Enterobacteriaceae family. The acronym IMViC refers to the combination of the triple sugar iron (TSI) test plus the tests for indole, methyl red, Voges-Proskauer, and citrate utilization. A combination of triple sugar iron, yellow butt and slant, gas generation, and recognized (+ + − −) IMViC patterns for the indole, methyl red, Vogues Proskaeur, and citrate utilization tests, respectively, were used to identify isolates from sorbitol MacConkey agar as E. coli O157:H7. Kovac's reagent's indole and aldehyde combine to form a reddish-pink ring at the tube's top. Tryptophan-containing peptone water is injected with a bacterium isolate before testing. The combination is kept at 37°C for the entire night. A good reaction occurs when a reddish-pink ring forms at the top of the mixture when a few drops of Kovac's reagent are added. Indole-positive bacteria are E. coli.
The methyl red test determines whether a bacterium can ferment glucose to generate acid. A pH of 4.4 or lower keeps methyl red, a pH indicator, red in color. After being inoculated into glucose phosphate (MRVP) broth, which is made up of glucose and phosphate buffer, the test bacteria are left to incubate for 48 hours at 37°C. Add three to five MR reagent drops to the tube. A positive reaction that happens when the bacteria produce enough acid to counteract the phosphate buffer is the emergence of a red color but the discolorations of MR-negative bacteria are yellow.

The ability of the bacteria to use citrate as its only source of carbon and energy is determined by the citrate utilization test. Bromthymol blue is a pH indicator found in citrate agar medium. At an alkaline pH, the agar medium turns blue instead of green. Without piercing the butt, splatter a loopful of bacteria onto a citrate agar slant, then cover loosely and incubate for 24 hours at 37°C. The enzyme citritase causes citrate in the media to decompose into oxaloacetate and acetate. Pyruvate and CO2 are produced after further breakdown of oxaloacetate. When sodium citrate is converted to Na2CO3, the medium's pH is raised to an alkaline state, changing its green hue to blue. A positive reaction is indicated by the creation of the blue hue, whereas a negative test is indicated by the slant staying green in color. E. coli O157:H7 does not require citrate.

The latex agglutination test was designed to identify E. coli serogroups O157 and H7 antigens in a confirming manner. Nutrient agar was used to inoculate the NSF isolates in order to replenish the colonies. Separately, 20 μL of sterile saline water and a drop of test latex (O157 and H7 coated latex in distinct reaction card circles) were dispensed onto the card. Next, a drop of sterile saline solution was placed on the test circle and up to three suspicious colonies were emulsified using a sterile single plastic loop. The emulsified test sample was combined with the test latex after making sure that the bacterial colonies and saline were suspended smoothly. Next, the latex was evenly distributed throughout the circular to thoroughly combine its contents. After one minute of circular rocking, the card was checked for agglutinations. Positive results were confirmed by the test latex and colonies producing a precipitation response in less than a minute (Aklilu et al.,2022). If there was no agglutination and a smooth suspension was still present in the test region after one minute, the results were considered negative. Consequently, a sample was classified as E. coli O157:H7 if and only if it was able to agglutinate in both the O157 and H7-coated latex assays.
[bookmark: _Hlk167783091][bookmark: _Toc168619564][bookmark: _Toc158841867][bookmark: _Toc159408799]3.6.2. Molecular Identification
[bookmark: _Hlk167793810]3.6.2.1 DNA Extraction

[bookmark: _Hlk167797178]The standard PCR assay was applied to the pure colonies of E. coli O157:H7 that were detected using bacteriological techniques. Following the manufacturer's instructions, a Qiagen extraction kit was used to extract DNA. 200 µl of bacterial suspension, 20 µl of proteinase K, and 200 µl of AL buffer were added. The mixture was vortexed for 15 seconds to homogenize it, and it was then incubated for 10 minutes at 56 ˚C. After that, 200 µl of 96% ethanol was added and mixed thoroughly. After that, 500µl of AW1 buffer was added, 620µl of suspension was transported to a small spin column, and it was centrifuged for one minute at 8,000 rpm after the flow through was withdrawn. After discarding the flow through, 500µl of AW2 wash buffer was added, and the mixture was centrifuged for three minutes at 14000 rpm. To dry the column matrix, the mini spin column was put in the 2 ml collecting tube and centrifuged once more for 1 minute at 14000 rpm. Subsequently, 50µl of elution buffer was added to the mini spin column, which was then centrifuged at 8000 rpm for one minute in order to elute the DNA in the labeled Eppendorf tubes. At -20˚C, the eluted DNA was kept until further processing.

3.6.2.2 Master Mix Preparation of PCR

[bookmark: _Hlk167802850]The PCR master mix was prepared by combining 10 µl of IQ super mix (Bio-Rad, USA) (DNA polymerase, dNTPs, and buffer) with 3µ of RNase-free water and 2µ of each primer (reverse and forward) at 5 pmol/µl (Eurofins MWG Operon, Germany). Consequently, primers unique to serotypes target the hylA gene (E.coli O157:H7). In accordance with the manufacturer's instructions, the produced master mix was added to the E. coli O157:H7 template DNA and PCR amplification analysis was performed (Table 1).


[bookmark: _Toc168656850]Table 1: Primer of virulence-associated gene used in the study.
	Gene locus
	Primer sequence (5′- 3′)
	                
	          Size(bp)

	hylA
	Forward 5′GGTGCAGCAGAAAAAGTTGTAG -3’
	          
	           1551

	
	Reverse 5′ -TCTCGCCTGATAGTGTTTGGTA -3’
	
	

	


[bookmark: _Hlk167800766]3.6.2.3 Polymerase Chain Reaction Amplification Analysis

The basic technique of PCR was carried out in a series of three repeated thermal cycles of heating and cooling steps after a mixture of PCR reagents. It was required for nucleic acid amplification. The PCR condition used for E.coli O157:H7 was a five-minute initial denaturation at 94°C, one cycle of denaturation at 94°C for thirty seconds, one cycle of annealing at 56°C for thirty seconds for thirty cycles, one cycle of elongation at 72°C for thirty seconds, and a final cycle of extension at 72°C for seven minutes. As negative and positive controls, there were two reaction tubes: one without the DNA template and the other with the template respectively.

3.6.2.4 Agarose gel electrophoresis analysis of PCR products

[bookmark: _Hlk170806528][bookmark: _Hlk167222882]The PCR products were detected in a 1.5% (weight/volume) agarose gel. Each PCR product (10 μl) was mixed with 6X loading buffer and loaded into a separate well of the pre-prepared gel. The first and last lanes were loaded with 1 kb plus DNA molecular marker, and the electrophoresis apparatus (EC 2060, USA) was run at 120 volts for 80 minutes. The PCR results were examined by comparing them to a molecular marker using a gel documentation system (UVI TEC, UK) and viewing the intended size of DNA bands in the gel red-stained agarose gel under a UV transilluminator.

[bookmark: _Toc168619565]
3.7 Antimicrobial Susceptibility Testing

Tests for antimicrobial resistance were conducted using the conventional disc diffusion method. The selection criteria for the antibiotic testing discs were based on the ruminants' habitual use of antibiotics, their potential value for public health, and recommendations from the antimicrobial susceptibility testing guidelines. The following drugs were used in an antimicrobial susceptibility test conducted on a total of E.coli. O157:H7 isolates: kanamycin, amoxicillin, gentamicin, streptomycin, ampicillin, oxytetracycline, ciprofloxacin, trimethoprim, and tetracycline. The ruminants' habitual use of antibiotics, their accessibility (unregulated), and their possible significance for public health were the determining factors for the disc selection process (Hamid, et al., 2018). 

Using a sterile inoculating loop, fresh colonies of E.coli O157:H7 were removed from nutrient agar and placed firmly on sterile Mueller-Hinton agar plates. The cultures were suspended in a test tube containing two milliliters of sterile saline, and the saline tube was vortexed to create a smooth suspension. The suspension's turbidity was brought up to the 0.5 McFarland standard. To remove extra inoculums, the sterile cotton swab was dipped into the suspension, swirled several times, and then pressed firmly against the tubes inside wall above the fluid level. The swab was then evenly swabbed across the Muller Hinton agar plate's surface inside a sterile safety cabinet. To allow for drying, the plates were kept at room temperature for fifteen minutes. Afterwards, using flamed forceps, antimicrobial disks with known antimicrobial doses were positioned at the proper distance on a cultivated Muller Hinton agar plate and incubated for 24 hours at 37°C. After incubation, the zone of inhibition's diameter was measured with calipers to the closest millimeter; the results interpretations were contingent upon the isolate’s classification as susceptible, intermediate, or resistant (CLSI, 2020).




[bookmark: _Toc168619569][bookmark: _Toc147818971][bookmark: _Toc158841868][bookmark: _Toc159408800]

3.9. Ethical approval

[bookmark: _Toc167277082][bookmark: _Toc168238533][bookmark: _Toc168619570]Ethical approval was obtained from the Research Ethics Committee of Addis Ababa University College of Veterinary Medicine and Agriculture.

[bookmark: _Toc168619571]3.10. Data Management Analysis 

[bookmark: _Toc168619572][bookmark: _Toc147780214][bookmark: _Toc147818974][bookmark: _Toc158841871][bookmark: _Toc159408803][bookmark: _Toc147084765][bookmark: _Toc147085158] The data was entered into MS excel database, coded, then analyzed using Stata 14 version statistical software program. The total prevalence was calculated by dividing number of positive meat sample by total number of meat sample tested and then multiplied by 100. Pearson’s chi square (χ2) to evaluate the association between the prevalence and risk factors. P value < 0.05 was considered as significant.

















4. RESULTS

The PCR results were examined by comparing them to a molecular marker using a gel documentation system and viewing the intended size of DNA bands in the gel red-stained agarose gel under a UV transilluminator. Out of seven samples six samples were positive for E.coli O157:H7 as shown from the  Figure2. 

[image: ]
Figure 2: Agarose gel electrophoresis result showing amplification of E. coli O157:H7
 Note: E stands for extraction, N for negative control, and P for positive control. In the gel lane, from left to right ladder, gel lane numbers 1up to7 represent positive samples, with the exception of No. 2, which was weakly positive but counted as a negative result.

[bookmark: _Hlk168214779]Latex agglutination test result  among  408  swab samples, 48 (11.76%) samples were found positive for E. coli O157:H7 . The  overall prevalence of E. coli O157:H7 in this study about sample source was higher in butcher shops (16.67%) as compared to the abattoir (7.89%)  and  species level the prevalence of  E. coli O157:H7 from bovine swabs from butcher shops was higher as compared with caprine and ovine swabs from both abattoir and butcher shops and the differences were observed  statistically significant (p< 0.05 as shown in Table 3. 
[bookmark: _Toc168656852]Table 2: The  prevalence of  	E. coli O157:H7 based on sample sources from different species.
	S.Source
	 Species       No.of examined                 
	No.    positive             
	Prevalence (%)                       
	χ2                          
	   P-value


	
B. shop

Total                                           
Abattoir
                 

	Bovine          79                            
Caprine         58                       
Ovine             43                     
                     180
Bovine          101
Caprine          62
Ovine             65
	14
9
7
30
10
5
3
	17.72
15.51
16.27
16.67
9.90
8.06
4.61

	
7.4561    




1.089         
	 
       0.006




       0.042

	Total
	                     228                         
	18
	7.89
	
	

	%=                   
	Percentage   ; χ2= chi squire;       
	No=            
	number;   
	
	B=Bucher S=  sample


[bookmark: _Hlk168596863] The prevalence of E. coli O157:H7 in this study about sample type was higher in the carcass (14.5%) as compared to that of floor (11.1%) and knife (7%) and the differences were observed as  statistically not significant  (p> 0.05) as shown in Table 4.
[bookmark: _Toc168656853]Table 3: The Prevalence of E. coli  O157:H7 based on sample type.
	S. type
	No of examined sample     
	No. positive        
	Prevalence (%)  
	    χ2   
	P-value


	Carcass     
	200
	29
	14.5
	           
	
   0.159

	Floor     
	108
	12
	11.1
	    3.6729        
	

	Knife      
	100
	 7
	7 .0  
	
	

	Total
	408
	48
	11.76
	
	


  % = percentage; χ2= chi squire; No= number;  S=sample

[bookmark: _Hlk168597233]The prevalence of E.coli O157:H7 in this study about the location where the sample was taken from was higher in the abdomen (15%) as compared to that of the thigh (10.78%) and neck (8.47%) and the differences were observed  statistically not significant  (p> 0.05) as shown in Table 5.
[bookmark: _Toc168656854]Table 4: The prevalence of E. coli O157:H7 based on the location where the sample was taken from bovine.
	Location
	No of the examined sample     
	  No. positive        
	Prevalence (%)       
	      χ2     
	P-value


	Thigh      
	130
	14
	10.78
	           
	
  0.227

	Neck     
	118
	10
	8.47                   
	     2.9679             
	

	Abdomen      
	160
	24
	15.0
	
	

	Total
	408
	48
	11.76
	
	


  % = percentage; χ2= chi squire; No= number.

In this investigation, the prevalence of E. coli O157:H7 about species was higher in bovine (13.3%) as compared to that of caprine (11.67%) and ovine (9.26%) and the differences were statistically not significant  (p> 0.05) observed  as shown in the Table 6.
[bookmark: _Toc168656855]Table 5: The prevalence of E. coli O157:H7  based on species.
	Species
	No of  examined sample     
	No. positive        
	Prevalence (%)     
	      χ2      
	P-value


	Bovine      
	180
	24
	13.3
	          
	
 0.582

	Caprine     
	120
	14
	11.67
	     1.0809         
	

	Ovine      
	108
	10
	9.26
	
	

	Total
	408
	48
	11.76
	
	


[bookmark: _Hlk168408824][bookmark: _Hlk168408872][bookmark: _Toc167277085]  % = percentage; χ2= chi squire; No= number


[bookmark: _Toc168656856][bookmark: _Toc168619573][bookmark: _Toc167277086][bookmark: _Toc168238536]This study  E.coli O157:H7 showed different resistance and susceptibility pattern for ten antimicrobial disks. Only one antimicrobial (ciprofloxacin) is 100% susceptible for all 48 isolates  and 47(95.92%) susceptible for trimethoprim for all species. However, 45(93.75%) isolates are resistance for streptomycin and moreover 41(85.42%) and 42(87.5%) isolates are resistance to ampicillin and  tetracycline respectively.  In addition, 7(14.58%), 6(12.5%) were intermediate for ampicillin and kanamycin for all the three species. 
  

Table 6: Antimicrobial susceptibility pattern of 48 E. coli O157:H7 isolates in different species.

[bookmark: _Hlk168407297]A.D   Bovine swab (n = 24)                 Caprine swab (n=14)         Ovine swab (n=10)       Total (n =48)                                                                      
[bookmark: _Toc168619574]           R.         I.      S.                                    R.         I.      S.                        R.         I.      S.                 R.          I.         S.                                                                                                               
[bookmark: _Toc168619575][bookmark: _Hlk168407730]          №(%) №(%) №(%)                 	       №(%) №(%) №(%)             №(%) №(%) №(%)            №(%)  №(%) №(%)                                                                                                                                                                                                                                                                                                                                                                                                                              
 
	1.CIP      0(0.0)  0(0.0)  24(100.)               0(0.0)   0(0.0)   14(100.)          0(0.0)   0(0.0)  10(100)      0(0.0)   0(0.0)  48(100)                 
[bookmark: _Hlk170998566]2. TE      24(100)  0(0.0) 0(0.0)                  13(92.86)  1(7.14)  0(0.0)        5(50.0)  5(50.0) 0(0.0)       42(87.5)  6(12.5) 0(0.0)       
3. GN      0(0.0) 5(20.83) 19(79.17)            0(0.0)    0(0.0)  14(100)          0(0.0)  0(0.0) 10(100)         0(0.0) 5(10.42) 43(89.58)      
[bookmark: _Hlk170998509][bookmark: _Hlk170999137]4.AMP    23(95.83) 1(4.17) 0(0.0)              10(71.42) 4(28.57) 0(0.0)        6(60.0) 2(20.0) 0(0.0)        41(85.42) 7(14.58) 0(0.0)    
[bookmark: _Hlk170998238][bookmark: _Hlk170999260]5. S          24(100)   0(0.0) 0(0.0)                  8(57.14)  6(42.86 )0(0.0)        10 (100)  0(0.0) 0(0.0)       45(93.75)   6(12.5)0(0.0)
6. K          1(4.17) 2(8.33) 21(87.5)               0(0.0)  3(21.43) 11(78.57)      1(10.0) 1(10.0) 8(80.0)      2(4.17) 6(12.5) 40(83.33)           
7. C          10(41.67) 0 (0.0) 14(58.33)          3(21.43)  0 (0.0) 11(78.57)     7(70.0) 0 (0.0) 3(30.0)     20(41.67) 0(0.0) 28(58.33)  
[bookmark: _Hlk171004777]8.SXT       0(0,0) 1(4.17)  23(95.83              0(0,0) 0(0.0)  14(100)            0(0,0) 0(0.0)  10(100)        0(0,0) 1(2.08)  47(95.92     
9. T          1(4.17)  0(0.0) 23(95.83)             0(0.0)  0(0.0) 14(100)              1(10.0)  0(0.0) 9(90.0)       2(4.17)  0(0.0) 46(95.83)
10.AX      7(29.17) 1(4.17) 16 (66.67)          1(7.14) 1(7.14) 12 (85.71)     1(10.0) 1(10.0) 8(80.0)      9(18.75) 3(6.25) 36 (75.0)                           

	


[bookmark: _Hlk168408942][bookmark: _Hlk168409147][bookmark: _Hlk168409016][bookmark: _Hlk170809100][bookmark: _Hlk181620118]A.D=antimicrobial disk;   N=Number; R = Resistant;  I = Intermediate; S= Sensitive CIP=Ciprofloxacin;TE=Tetracycline;GN=Gentamicin;AMP=Ampicillin;S=Streptomycin; K=Kanamycin;C=Chloramphenicol;SXT=Trimethoprim;T=Oxytetracyclin;AX=Amoxcilin   


The study of antimicrobial sensitivity of E. coli  O157:H7 recovered from different sample types revealed a varying degree of susceptibility to antimicrobial agents used. Accordingly, E. coli O157:H7 was highly susceptible to Ciprofloxacin (100%) for all species (bovine, ovine and Caprine), Trimethoprim  and oxytetracycline (95.83%), Kanamycin (87.5%),  and Gentamycin (79.17%). Furthermore, resistance of 100%, 95.83% and 41.67% was developed to Tetracycline, Ampicillin and Chloramphenicol respectively.




















[bookmark: _Toc168619577]5. DISCUSSION

 The cross-sectional study was conducted to assess the prevalence and antimicrobial resistance profile of E.coli O157:H7 strains from ruminants slaughtered from the municipal abattoir and Bucher shops. The current investigation revealed  the prevalence of E. coli O157:H7 in the Akaki kality sub-city was 11.76%. This result was found to be comparable with another study reporting (10.2%) contamination in raw meat from retail shops and abattoir in Addis Ababa as reported by (Tizeta et al., 2014). 9.8% from shoat (Mersha et al., 2010), 9.33% from beef meat in Ethiopia's western regions (Haile et al., 2017), 9.1% from Ambo Town (Nega et al., 2021), and 8% from beef meat in Ethiopia's center region (Hiko et al., 2008). 

Further research revealed comparable results in other parts of the world, including 13.3% in China (Shuhong et al., 2015) and 7.86% in Iran (Zohreh, 2018). In contrast to other research, the current finding indicated a larger prevalence. At Haramaya University, for instance, rates were 2.65% (Melaku et al., 2013); in Addis Ababa, 1.3% (Rosa et al.,  2017); in Hawassa, 2.4% (Biruhtesfa et al., 2017); in Mojo, 4.9% (Solomon et al., 2019); and in Jimma town, 1.39% (Eshetu et al., 2021). Other nations also showed lower prevalence rates: 2.3% in Egypt (Ahmed et al., 2017) and 0.2% in Nigeria (Mailafia et al., 2017). However, some researchers have published findings that are higher than the current ones. For instance, South Africa recorded 35.1% of all incidences in Africa (Onyeka et al., 2021). Moreover, incidences of 21.23% in Iran (Momtaz & Jamshidi, 2013), 22% in India (Vinothkumar et al., 2014), and 25.46% in India (Vijayan et al., 2017) were reported in global publications. The overall variations in the prevalence of E. coli O157:H7 may be due to differences in sample sizes, sampling methods,  sample source where the sample was taken from and study areas.

[bookmark: _Hlk168482904]The current findings regarding meat sources have revealed that there is a higher total prevalence of E. coli O157:H7 from retail shops (16.67%)  compared to municipal abattoir (7.89%) from different species. This finding showed prevalence from bovine swabs (17.72%), caprine swabs (15.51%)and ovine swabs (16.27%) from butcher shops were higher than the prevalence from bovine swabs (9.90%), caprine swabs (8.06) and ovine swabs (4.61%) from municipal abattoir. This finding aligns with previous research in Ethiopia. For instance, in Addis Ababa, the prevalence was reported as 5.7% in abattoirs and 14.6% in retail shops and from each species regarding with sample source prevalence of beef (21.9%) goat (10.9%) and sheep (9.4%)  from retail shops was higher than beef (4.7%), goat (6.3%) and (6.3%)  from the abattoir(Tizeta et al., 2014) and in Ambo town, it was reported as 7.2% in abattoirs and 19.2% in retail shops (Nega et al., 2021)). In this study results, The overall prevalence of 16.67% of sample swabs was positive for E. coli O157:H from retail shops. This result was higher than the 10.4% in Tigray's selected woreda retail shops (Abebe & Tafese, 2014), the 4.5% in central Ethiopian butcher shops and restaurants  (Ashenafi et al., 2017), and the 3.07% in Bishoftu (Segni et al., 2018). The occurrences of higher and lower prevalence for different researchers may have been caused by factors such as sample size and the specific areas selected for sampling.

 On the contrary, this finding contradicts the higher occurrence of E.coli at municipal abattoir at to butcher shops. For instance, in Jimma town, the occurrence was 6.0% and 4.5% at abattoirs and butcher shops, respectively (Mengistu & Eyob, 2020). In a study on cattle meat from Jimma, (Eshetu et al., 2021) found 2.77% and 1.38% occurrence from abattoir carcass swabs and butcher shop meat, respectively. Similarly, from Hawassa (Biruhtesfa et al., 2017) reported 2.7% and 2% of occurrences from carcass swab  samples from butcher shops and slaughterhouse carcass swabs, respectively. These result variations could be due to differences in  sampling techniques and laboratory procedures that the researcher used. The current result revealed significant difference (p<0.05) in the prevalence rate between the retail stores and the slaughterhouse Poor hygienic handling and storage procedures at butcher shops, insufficient cooling and storage time, and increased carcass contamination during transportation from the abattoir to retail stores could all be contributing factors to the higher prevalence of contamination in retail shops. Furthermore, the contamination of meat in butcher shops during preparation through personal and equipment contact could contribute to the higher prevalence of E. coli O157:H7 in retail shops compared to abattoir. 

The variation in the three types of swab samples' total prevalence that was revealed in the present study based on species was a higher prevalence (13.3%) in bovine than in caprine meat (11.67%) and ovine meat (9.26%). There is no significant variation (p > 0.05. This result is agreed with an overall prevalence of 13.3% beef meat then goat and sheep meat (9.4% and 7.8%, respectively, in Addis Ababa) (Tizeta et al., 2014).

[bookmark: _Hlk166604555] This study found that there was a lower prevalence of E. coli O157:H7 in meat from sheep, goats, and cattle as opposed to the frequency in fresh beef meat from Nigeria described by Dahiru et al. (2008). In the meat samples from sheep, goats, and cattle, the prevalence of E. coli O157:H7 was 31.34%, 28.57%, and 36%, respectively. On the other hand, the study's 13.3% prevalence of E. coli O157:H7 in beef was more than the 8.8% frequency in South Africa reported by (Abong , 2008).The distinct characteristics of the bacteria could be the cause of these variations. Of the three animal species, cattle are chosen as a reservoir host, and they are usually fed dry feed that is buried deep in the earth. The prevalence of E. coli O157:H7 in goat meat (11.67%) and sheep meat (9.26%) in this study differed from that of the earlier investigation conducted by (Hiko et al., 2008) He stated that the incidence of (2.5%) in sheep meat and (2%) in goat meat. Additionally, according to the earlier study, goat meat (9.4%) and sheep meat (10.9%) were recorded by (Tizita et al., 2014). This could be due to husbandry practice during skinning and eviscerating, the number of samples collected, the weather and climate of the geographical zone of animal origin, and levels of personal hygiene during the time of slaughtering. 

[bookmark: _Hlk166615443][bookmark: _Hlk166601707][bookmark: _Hlk166598772][bookmark: _Hlk166616059]In this study, the prevalence of E. coli O157:H7 based on sample type, the prevalence of E. coli O157:H7 from carcass swab (14.5%) was higher as compared with floor swab (11.1%) and knife swab (7%) with statistically not significant (p> 0.05). These results are lower as compared with the prevalence of E. coli O157:H7 from carcass swabs (21%) and knife swabs (4.48%) reported by (Aschalew et al., 2023). In contrast, it is higher than previous studies reported by (Muhammed et al., 2018). This were12% from carcass swabs at the municipal abattoir in Addis Abeba. The current study result revealed that statistically not significant (p> 0.05 but the difference in result could be due to the nature of the carcass which traps the bacteria either from the floor or knife (cross-contamination), the poor hygienic practice of knife immersed in boiled water which results increase in carcass contamination, and lack of wearing individual personal equipment like a glove. Those and other reasons were made high prevalence of carcass as compared with other sample sources.

[bookmark: _Hlk168487474]In this study, the prevalence of E. coli O157:H7 strain based on the location where the sample taken from the different sites was recorded highest prevalence from the abdomen (15%) than thigh (10.78%) and neck (8.47%) with statistically not significant (p> 0.05).  this result contradicts with the study by (Ousman et al., 2014) found that the highest bacterial presence was observed in samples obtained from the neck (27.95%), followed by the abdomen (17.52%), and hind limb (7.14%). This can be attributed to the likelihood of contamination from fecal matter in the case of the abdomen, while frequent contact with the floor and hands during hanging can contribute to microbial presence in the thigh muscles. However, immediate washing with water could help reduce the bacterial load in the neck region.

All 48  isolates of E.coli O157:H7 strain from carcass swabs of ruminants were found to be susceptible to ciprofloxacin (100%). Additionally, the isolates exhibited high susceptibility to Trimethoprim (97.92%), Oxytetracycline (97.92%), gentamicin (89.58%), kanamycin (83.33%), amoxicillin (75%), and chloramphenicol (58.33%). This result is consistent with findings from other researchers, such as (Aklilu et al., 2022) who reported susceptibilities of 100% to ciprofloxacin, 92.8% to Trimethoprim, 85.7% to gentamicin, 71.4% to kanamycin, and 64.2% to amoxicillin, as well as 100% susceptibilities to chloramphenicol, gentamicin, kanamycin, and trimethoprim (Hiko et al., 2008) reported susceptibilities ranging from 40% to 80% to antimicrobials such as amoxicillin, chloramphenicol, and trimethoprim. According to (Tizita et al.,2014), susceptibility ranged from 40% to 80%. They reported high sensitivity to gentamicin, ciprofloxacin, and chloramphenicol, as noted by (Bedasa et al., 2018) from Ethiopia. The high susceptibility of these antimicrobials might be due to the limited availability of these drugs in the local market, as well as the public's awareness about appropriate drug usage and the avoidance of prolonged use.

[bookmark: _Hlk168491168][bookmark: _Hlk166768645] However, the results of this study showed that E. coli O157:H7 strains isolated from carcass swabs of ruminants showed high resistance levels to streptomycin (93.75%), tetracycline (87.5%), ampicillin (85.42%), and chloramphenicol (18.75%). Most of the isolates exhibited resistance to ampicillin, tetracycline, and streptomycin. This study's 77.5% streptomycin resistance matches the results from Bishoftu Town published by (Bedasa et al., 2018). Further, the ampicillin resistance in our study correlates with reports from Bishoftu town (Segni et al., 2018) and the Somali Region of Ethiopia (Fitsum et al.,2015). Additionally, tetracycline resistance findings align with reports from Haramaya University (Melaku et al., 2013), (Hiko et al., 2008), and (Tizita et al., 2014) in Ethiopia. The 91.4% tetracycline resistance reported by (Olatoye ,2010) from Nigeria is also similar to our findings. However, the present results differ from the 100% susceptibility to tetracycline reported by (Rosa et al., 2017).  And study reported that E.coli O157:H7 was susceptible to tetracycline reported by (Mohammed et al., 2014). Those result differences and resistance development could exist due to frequent exposure to those antimicrobials, geographical differences between the current and previous studies, and misuse of antimicrobials among livestock producers, which means livestock producers count all and most antimicrobials as growth promoters and availability (unregulated access) of antimicrobials.

In the current study that  showed  the  antimicrobial susceptibility profile of E. coli O157:H7 isolates across different species. We found that the species bovine, caprine, and ovine showed 100% susceptibility to the drug ciprofloxacin, which agrees with the research done by (Muammer et al., 2010).However, our results contradict the report by (Tizita et al., 2014), as ciprofloxacin was found to be resistant in beef (23.59%), sheep (25%), and goat (0%). This result could be due to differences in ecological areas, drug availability and frequent usage, or prescription errors. Generally, all strains of E. coli O157:H7 isolates in this study showed multidrug resistance to the following classes of antibiotics: b-lactam (ampicillin and amoxicillin), aminoglycoside (streptomycin), and tetracycline and chloramphenicol. The current finding was aligned with results from other researcher, multidrug resistance was observed for ampicillin, tetracycline, erythromycin, and chloramphenicol and amoxicillin was reported by (Tarekegn et al., 2023).
[bookmark: _Toc168619578][bookmark: _Toc158841872][bookmark: _Toc159408804]6. CONCLUSION AND RECOMMENDATIONS
[bookmark: _Toc167277090][bookmark: _Toc168238540][bookmark: _Toc168619579]
This investigation showed the presence of E.coli O157: H7  isolates from carcass swab ruminants from the abattoir and retail shop at Akaki Kality sub-city, Addis Ababa. Inadequate sanitation in truck used to transport carcasses resulted in the majority of carcass delivered to retail  shops  being handled in an unsanitary manner. Compared to abattoirs, Bucher shops reported higher E.coli O157:H7 prevalence rate.  E.coli O157:H7 was found more frequently in carcass swab samples than in floor and knife swab samples. According to this study all E.coli O157:H7 isolates were shown to be more sensitive to ciprofloxacin, trimethoprim and gentamicin. Tetracycline and ampicillin were shown to be the next most resistant drugs, after streptomycin. Since antibiotic resistance spreads among consumers in the study area, carcass swab samples were considered as a significant source of E.coli O157:H7 foodborne illnesses. Based on the above gaps and conclusion the following recommendations are forwarded:-
· As a country level there is also the need for further surveillance of resistant food borne pathogens and their genetic materials in animal and man ecosystem in order to achieve the global one health desire.
· The government, project workers and veterinarians should be communicated for more  strict  monitoring of antibiotic usage in both human and animal populations.
· It is recommended that slaughterhouse workers and  shop owners work together with meat inspection teams to ensure that consumers receive safe meat.
· Should conduct large-scale and detailed investigations on farm risk factors that lead to the development of drug-resistant bacteria and create awareness for livestock producers about drug resistance.
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8. ANNEXES

[bookmark: _Hlk167044754]Annex 1: Transporting media preparation

1. Tryptone Soya Broth /TSB/ media preparation
· 30.0 gm. of Tryptone soya broth was suspended in 1liter of distilled water and heat boiling until it completely dissolved.
· The dissolved medium was autoclaved for 15 minutes at 1210c
· Cooled at 45-500c and dispensed in 5 ml amounts in sterile 10ml screw-capped tubes
· The tubes were stored at 40c until used.
2. MacConkey agar, net content =500gm.
[bookmark: _Toc168656857]Table 7: Composition of MacConkey agar

	Ingredients
	Gms / Liter

	Gelatin peptone
	17.000

	HMC peptone
	3.000

	Lactose monohydrate
	10.000

	Sodium chloride
	5.000

	Bile salts
	1.500

	Neutral red
	 0.030

	Crystal violet
	 0.001

	Agar
	13.500

	pH after sterilization ( at 25°C)
	7.1±0.2


          
             Preparation of the medium
· 49.53 gm. of MacConkey agar was suspended in 1 liter of distilled water and boiled until it completely dissolved.
· The dissolved medium was autoclaved for 15 minutes at 1210c and dispensed in 20 ml amount in sterile 90 mm Petri dishes.
· Finally, the plates were stored at 40c until used.
[bookmark: _Toc167277095][bookmark: _Toc168238545][bookmark: _Toc168619584][bookmark: _Hlk167044790]Annex 2: Gram staining procedure

The procedures followed were as described by Quinn et al. (2002).
· Clean, cooled glass slides were used to make thin smearing from a suspected colony of the specimens
· Sterile distilled water was used to emulsify a colony or portion of the colony on the previously flamed side of the slide.
· Air-dried and heat-fixed the slide by passing it through a flame two or three times.
· The slides were flooded with crystal violet and allowed them to remain for 1minutes. Rinsed the slide gently with cold tap water.
· Gram’s iodine solution was applied and allowed it to remain for 1 minute.
· While holding the slide at a slight angle, allow drops of alcohol to run over the smear (15 seconds). Quickly rinsed well with water.
· Safranin was applied and allowed to counter-stain for 60 seconds. Then it was rinsed with water until all free stains were removed.
· Blotted (did not wipe) the slides were dried with bibulous paper.
· Smears were examined under oil immersion.
[bookmark: _Hlk167044845]Annex 3: Procedures for biochemical tests used for identification of E.coli O157:H7.

A. Catalase test: the breakdown of hydrogen peroxide into oxygen and water is mediated by the enzyme catalase.
Procedure: A loop full of bacterial growth was taken from the colonies of the nutrient agar medium. Bacterial cells were placed on a clean microscopic slide and a drop of 3% H2O2 was added. The effervescence of oxygen gas, within a few seconds, indicates a positive reaction.
B. Indole test: 
Indole-positive bacteria possess an enzyme tryptophanase which converts tryptophan to indole.
Procedure: inoculate prepared SIM medium with test bacterium and incubate at 370C for 18 to 24 hours. Then Kovac’s reagent (0.2 ml) was added to the tube and stood for 10 minutes.
Interpretation: the formation of a dark red ring indicates a positive reaction while in a negative reaction, a yellow ring is formed.
[bookmark: _Hlk167044880]Annex 4: Polymerase chain reaction
[bookmark: _Toc168656858]Table 8: Master Mix preparation for E.coli O157:H7
	Type of Reagent
	          For one reaction
	    Total 7 reactions

	RNase free water
	          3 µl
	      10µl

	Primer- hlyA1-Fow-5pm/ µl 5’-GGTGCAGCAGAAAAAGTTGTAG-3’

	          2 µl
	      30µl

	Primer- hlyA4 -REV-5pm/ µl 5’- TCTCGCCTGATAGTGTTTGGTA -3’
	         2 µl
	        20 µl

	IQ Super mix
	        10 µl
	        1000µl

	Template (DNA)
	        5 µl
	

	Total Volume
	        22 µl
	



[bookmark: _Toc168656859]Table 9:Amplification cycle of conventional PCR reaction

	Steps
	Temperature
	Time
	      Cycle

	Initial denaturation
	94oc
	5 mints
	     1-Cycle

	Denaturation
	94oc
	30sec
	

	
	
	
	     40 Cycles

	Annealing
	56oc
	30 sec
	

	Elongation
	72oc
	30 sec
	

	Final Elongation
	72oc
	7 mints
	      1-Cycle

	Hold at
	 4oc
	 Until machine off
	


[bookmark: _Hlk167119417][bookmark: _Hlk167044928]
Annex 5: Antimicrobial susceptibility test. Inoculum suspension Preparation

        Inoculum suspension Preparation
· A 0.5 McFarland standard is equivalent to a bacterial suspension containing between 1 x 108 and 2 x 108 CFU/ml.
· A 18-24 hr. old, 4-5 bacterial colonies were well suspended in 4 ml of 0.9% sterile saline (home prepared) as adjusted at a turbidity absorbance of 0.08-0.13, which is equivalent to a 0.5 McFarland standard using microprocessor photo colorimeter.
· Use smooth suspension for 15 minutes.

Inoculation, disc distribution and result interpretation of the MH plate

· [bookmark: _Hlk169091882]Dip a sterile swab into the inoculum tube and rotate the swab against the side of the tube. (above the fluid level) using firm pressure, to remove excess fluid.
· Inoculate the dried surface of a MH agar plate by streaking the swab three times over the entire agar surface; by rotating the plate approximately 60 degrees.
· Rim the plate with the swab to pick up any excess liquid and, allow the plate to sit at room temperature for at least 3 to 5 minutes, but no more than 15 minutes.
· Place individual discs on the surface of the agar using forceps and gently press.
· Make a space of 24mm with the adjacent disc and 10-15mm from the edge of the plates
· Plates were inverted and placed in a 37°C air incubator for 18-24 hours.
· Inhibition zone diameters were measured using a caliper meter and
· Results were interpreted using CLSI guidelines 2020; to determine the susceptibility or resistance of the organism to each drug tested.
· Table 10: Antibiotic disks were used to test E. coli O157:H7 and their respective concentrations.
	№ Antibiotic disks      Disc code   Concentration     Diameter of zone of inhibition in millimeters (mm)

	


·                                                                                    Resistant        Intermediate    Susceptibility	                                                         
	

	1. Ciprofloxacin         CIP                  5μg                       ≤14                15-20                   ≥21

2. Tetracycline            TE                   30μg                     ≤13                 1 4-17                  ≥17
3. Gentamicin             GN                  10μg                      ≤12                 13-14                   ≥15
4. Ampicillin               AMP               10μg                      ≤13                 14-16                  ≥17
5. Streptomycin             S                   10μg                      ≤11                 12-14                   ≥15    
6. Kanamycin                K                   30μg                      ≤13                 14-17                   ≥18
7. Chloramphenicol       C                   30μg                      ≤12                 13-17                   ≥18
8. Trimethoprim           SXT                25μg                      ≤13                  14-17                  ≥17
9.Oxytetracycline          T                    30μg                       ≤4                    5-7                      ≥8
10. Amoxicillin             AX                 25μg                      ≤13                  14-16                   ≥17


· Source: Clinical Laboratory Standard Institute (2020).

[bookmark: _Hlk169091922][bookmark: _Hlk167119651]Annex 6: Procedures of latex agglutination test.

· Acceptable isolates and  media included only
Non sorbitol fermenting colonies(NSFC) isolated on sorbitol MacConkey agar (SMAC) to test for  E.coli O157:H7.
· For each isolate to be tested dispense one drop of test latex into to well of the test slide.
· In like manner dispense one drop of E.coli  control latex into separate wells of test slide.
· Using a plastic stick remove an apportion of NSFC from the SMAC plate and emulsify the E.coli O157 test  on the slide spread over two-thirds of the reaction area discard aplastic sick and emulsify E.coli control latex on the slide.
· Rotate the slide by using circular motion through three planes for up to 1 minute of agglutination.
· If agglutination occurs with the E. coli O157 test latex and the control latex is a negative streak the isolate to the blood agar plate incubates overnight and proceed the above step if agglutination occurs with both test latex and control latex.
· [bookmark: _Hlk169092002]After overnight incubation repeat the test  emulsify sweep of growth from the blood agar plate in a drop of E.coli  H7 test latex (blue cap) the control latex is omitted in this step 
· Any test isolates that agglutinate with both E.coli O157 test latex and E.coli could be interpreted as follows.
Positive result: Agglutination of test latex (O157or H7) accompanied by no agglutination      of the control latex with 1 minute 
Negative result: No agglutination of the test latex and control latex within 1 minute.
[bookmark: _Hlk167044957]Annex 6: Different sample pictures taken during the study time.

                                                                                                                                                              
[bookmark: _Hlk169092183]                                     
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[bookmark: _Hlk169092313][bookmark: _Hlk169092355]Antibiotic discs on Muller Hinton agar         Measuring zones of inhibition of antimicrobials
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                        Result of latex test for E.coli O157:H7
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