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ABSTRACT 
 

Antimicrobial resistance is a major global public health problem. The use of antimicrobials in food 

animals is a public health concern because antimicrobial resistant (AMR) bacteria can emerge and be 

transmitted to humans through consumption and handling of foods of animal origin. Extended-

spectrum cephalosporins (ESCs) are critically important antibiotics for humans and their use in 

animals poses a potential threat for public health. The purpose of this study was to investigate the 

prevalence of extended-spectrum β-lactamase (ESBL)-producing Escherichia coli in retail buff meats 

in Bharatpur, Nepal. Multidrug resistance (MDR) and ESBL producing Escherichia coli is also 

considered to be one of the major problems in the world which causes serious illness to people each 

year.  

A total of 20 raw buff meat samples were collected from different retail shops of Bharatpur 

Metropolitan City, Nepal. Bacterial growth, identification, and antimicrobial susceptibility test were 

performed according to Clinical & Laboratory Standards Institute (CLSI) guidelines. Out of 20 meat 

sample, 15 samples showed the growth of Escherichia coli isolates. The prevalence rate was found to 

be 75%. All the isolates of Escherichia coli were found to be susceptible to Gentamicin and 

Amaikacin whereas was isolates were mostly resistant to to Amipicillin (60%) following Imipenam 

(53%) and Levofloxacin (33%).  Overall, 20% Multidrug-Resistant (MDR) isolate was found. The 

prevalence of ESBL producing Escherichia coli was 3 (20%). This study indicates antimicrobials 

resistant bacteria existing at an alarming rate in buff meat. 
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Chapter I 

 

INTRODUCTION 

 

1.1 BACKGROUND  

Antibiotics are the substances either produced by microorganisms or wholly or 

partially synthesized by chemical methods which inhibit the growth of other 

microorganisms (Denyer et al 2008). Antibiotics are vital, life-saving medicines that 

fight against infectious disease (Basnyat et al 2015). But antibiotics misuse is 

becoming one of the major public health problems worldwide. The misuse of 

antibiotic can lead to the development of bacterial resistance towards antibiotic and 

increase the burden of chronic diseases, increases costs of health services and the 

development of side effects (Alumran et al 2011).  

Antibiotic resistance is the ability of bacteria to stop an antibiotic from working 

against it. This results in the failure of treatment, persistence of infection and may 

spread to others. Thus, antimicrobial resistance (AMR) is a major threat to health and 

human development, affecting our ability to treat a range of infections. Treatments for 

a growing number of infections have become less effective in many parts of the world 

due to resistance (WHO 2020). Nepal is one of the major contributors to the growing 

burden of AMR due to widespread irrational use of antibiotics along with poor health 

care systems poor infection control and prevention measures (Acharya & Wilson 

2019). The volume of veterinary antibiotic sales in Nepal rose over 50 percent from 

2008 to 2012, most through retailers without veterinarian prescription. Antibiotics are 

necessary to treat infections in animals, but they are also used extensively for 

preventing disease, a use that can be restricted without jeopardizing animal or human 

health. They may also be used for promoting animal growth, which can be eliminated 

with no health consequences (Basnyat et al 2015). 

 

There is growing evidence that antibiotic resistance in humans is promoted by the 

widespread use of non-therapeutic antibiotics in animals. Resistant bacteria are 

transmitted to humans through direct consumption of undercooked meat, and through 

contact with uncooked meat surfaces meat (Alumran et al 2011). Multidrug resistance 

is defined as the ability of bacteria to stop different classes of antibiotics which are 
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structurally different and have different molecular targets from working (Shrestha et 

al 2016). For being multidrug resistance, the organism must be resistance to three or 

more than three classes of antibiotics (Pokhrel et al 2017). Generally, pathogenic 

bacteria resistance to multiple drugs resulted due to overuse of antibiotics for human 

therapy as well as for farm animals and even for fish in aquaculture. Studies from 

WHO report have shown very high resistance in bacteria such as Escherichia coli 

against antibiotics such as cephalosporin and fluoroquninolones, Klebsiella 

pneumoniae cephalosporin and carbapnems, Staphylococcus against methicillin, 

Streptococcus pneumoniae against Penicillin, non typhoidal Salmonella against 

fluoroquinolones, Shigella species against fluoroquinolones, Neisseria gonorrhea 

against cephalosporin and Mycobacterium tuberculosis against rifampicin, isoniozid 

and fluoroquninolone causing common infections and high percentage of hospital 

acquired infection (Nikaido 2009).  

  

Food borne diseases include microbial, parasitic, and toxic (chemical) agents out of 

which bacteria probably remain the most common cause of illnesses. These bacteria 

transmitted by food, is increasing resistance to antimicrobial agents with 

implementation new generations of antimicrobial, reflecting a huge adaptable 

potential of microorganisms due to different mechanisms of bacterial resistance 

(Wasinski et al 2013). Predominantly food borne disease associated with bacterial 

infections like Salmonella spp, Escherichia coli serotype O157:H7, Campylobacter 

spp, Listeria monocytogenes, Mycobacterium bovis, etc are considered emerging. The 

reservoirs for foodborne pathogens including Escherichia coli and Salmonella spp are 

food animal including cattle, swine, chickens, turkeys etc and food supply including 

meat and its products (Ahmed et al 2009).  

 

Meat is animal flesh that is eaten as food which contains high amount of proteins, 

minerals and vitamins. It is an ideal culture medium for many organisms because it is 

high in moisture, rich in nitrogenous foods of various degree of complexity, and 

plentifully supplied with minerals and accessory growth factors.  Also, it usually has 

some fermentable carbohydrate (glycogen) and is at a favorable pH for most 

microorganisms. Consumption of healthy meat is most necessary otherwise 

consumption of contaminated meat would lead to the health hazard or serious illness 

(Chakroborty 2006).  
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Escherichia coli is a inhabitant bacteria of stomach and intestines. It can cause 

gastrointestinal illness when consumed in contaminated water, milk, or food or is 

transmitted through the bite of fly or other insect. The mutated strains can lead to 

cause diarrhea by giving off toxins, invading the intestinal lining, or sticking to the 

intestinal wall. Strains of E coli O157:H7 and E coli O104:H4 can cause bloody 

diarrhea, kidney failure, and death in extreme cases and also can cause urinary tract 

infections in women. Infection from contaminated food sources and water can be 

prevented by proper treatment of water and proper cooking of food and food products 

(Britannica 2018).  

  

β-lactam antibiotics are commonly used to treat bacterial infections. The groups of 

antibiotics in this category include penicillins, cephalosporins, carbapenems and 

monobactams. Increased use of antibiotics, particularly the third generation of 

cephalosporins has been associated with the emergence of β-lactamases mediated 

bacterial resistance, which subsequently led to the development of Extended spectrum 

beta  lactamase (ESBL) producing bacteria (CLSI 2014).  

  

The ESBL enzymes are plasmid-mediated enzymes capable of hydrolyzing and 

inactivating a wide variety of beta lactams, including third generation cephalosporins, 

penicillins and aztreonam. These enzymes are the result of mutations of TEM-1 and 

TEM-2 and SHV-I. All of these beta lactamase enzymes are commonly found in 

Enterobacteriacea family. Normally, TEM1, TEM-2 and SHV-I enzymes confer high 

level resistance to early penicillins and low level resistance to first generation 

cephalosporins. Widespread use of third generation cephalosporins and aztreonam is 

believed to be the major cause of the mutations in these enzymes that has led to the 

emergence of the ESBLs. These enzymes mediate resistance to cefotaxime, 

ceftazidime and other broad spectrum cephalosporins and to monobactams such as 

aztreonam, but have no detectable activity against cephamycins and imipenum 

(Chaudhary and Aggrawal 2004). ESBL producing organisms are often resistant to 

several other classes of antibiotics, as the plasmids with the gene encoding ESBLs 

often carry other resistant determinants (Pitout et al 2005). Initially, hospital 

associated infections with ESBL producing bacteria were present. Today, frequency 
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of infections among community-dwelling patients; without a history of hospitalization 

or antimicrobial are increasing (Kluytmans et al 2012).  

  

The prevalence of multi-drug resistance isolates and ESBL producing isolates is 

increasing in humans as well as animals. Faecal carriage of ESBL gene has been 

identified as the major reservoir in the environment. Bacterial species that carry ESBL 

genes are normal inhabitants of gastrointestinal tract, food is potential of source of 

them (Overdevest et al). High concentrations of poultry, slaughtering and processing 

equipment and cooling devices can be the cause of significant bacterial contamination 

and that are introduced during handling, improper dressing, cleaning, insanitary 

condition of meat. Public health hazards may arise by the consumption of such meat 

(Bhandari et al 2013 and Kozacinski et al 2006).   

1.2 Statement of the Problem 

Infections caused by multi-drug resistant bacteria, such as MRSA and ESBL-

producing E.coli are a public health concern and these organisms have been detected 

in food-producing animals in several countries. There is growing concern relating to 

transmission of these organisms along the food chain through to final food products. 

Of particular concern is the potential for amplification and spread of antimicrobial 

resistance by cycling through animal reservoirs. Resistant bacteria are transmitted to 

human through direct contact with animal, by exposure to animal manure, through 

consumption of uncooked meat, and through contact with meat surfaces. 

The multidrug resistance extended spectrum of beta lactamase E.coli are increasing 

day by day which has resulted in the failure of treatment of patient infected with such 

bacteria. This leads to the prolonged infection, loss of huge economy and may be 

death too (Basayaraju 2016). These sorts of bacteria are also found in buff meat due to 

overuse of antibiotics in animal farming and poor sanitation in slaughter house during 

processing of meat. This kind of bacteria can infect to the people when consumed 

without proper cooking. So, this study aims to find the prevalence of multidrug 

resistant extended beta lactamase E coli from buff meat in Bharatpur Metropolitan.  
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1.3 Objectives of Study 

1.3.1 General Objective 

To determine the prevalence of multidrug resistant extended spectrum beta lactamase 

Escherichia coli from buff meat in Bharatpur Metropolitan.  

1.3.2 Specific Objectives  

1. To isolate and identify E. coli from buff meat.  

2. To determine the antibiotic resistance pattern of E. coli isolated from buff meat.  

3. To determine the prevalence of multidrug resistance E.coli isolated from buff meat.  

4. To determine the prevalence of extended spectrum beta lactamase producing E. coli 

isolated from buff meat.  

1. 4 Research Hypothesis 

All the isolated organisms do not produce extended spectrum beta lactamase enzymes. 

1.5 Significance of Study 

The finding of this study will rebound to the benefit of society considering that in 

developing countries like Nepal, many laboratories do not routinely detect Multidrug 

resistant and ESBL  producer isolates, a practice which is likely to result in 

misreporting and hence treatment failures. It is therefore essential that Multidrug 

resistant and ESBL producer isolates positively rates are monitored and that decision 

regarding appropriate laboratory practice made in light of local/regional data. 

Moreover correct reporting would limit in appropriate antimicrobial usage and hence 

decrease emergence and extension of antimicrobial resistance worldwide. 
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CHAPTER II 

LITERATURE REVIEW 

 

2.1 Food borne illness   

Food borne illness is defined as the disease caused by ingestion of toxin produced by 

microorganisms and infection of host caused by ingestion of food contaminated with 

microorganisms (Frazier and Westhoff 2015). In United States, about 76 million food 

borne illness is reported annually. Among them, approximately 1.4 million cases are 

due to infection caused by nontyphoidal Salmonella serovars and 270,000 cases due 

to infection caused by pathogenic Escherichia coli (Zhao et al 2001).  

2.2 Contamination of meat  

It has been pointed out that during slaughter, dressing, and cutting, microorganisms 

come chiefly from the exterior of the animal and its intestinal tract but that more are 

added from knives, cloths, air, workers, carts, boxes and equipment in general. Upon 

the death of the animal, invasion of the tissues by contaminating microorganisms 

takes place. Meat is an ideal culture medium for many organisms because it is higher 

in moisture, rich in nitrogenous foods of various degree of complexity and plentifully 

supplied with minerals and accessory growth factors. Also, it usually has some 

fermentable carbohydrates and is at favorable pH for most microorganisms. The 

common types of spoilage of meats can be classified on the basis of whether they 

occur under aerobic or anaerobic conditions and whether they are caused by bacteria, 

yeasts or molds (Biswas 2011)   

2.3 Pathogens in meat  

Foods offer suitable substrates for the growth and metabolism of microorganism as 

they are nutritious by their nature and are easily metabolizable. Consumption of 

contaminated food and water cause food borne disease which is a pervasive problem. 

The microorganisms that ultimately bring about the spoilage of flesh foods are either 

present at the time of slaughter or introduced by workman and their cutting tools or by 

water and air in the dressing, cooling and cutting rooms. Because of the high in 

moisture, rich in nitrogenous compound (e.g. amino acids, peptides and proteins) and 
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plentifully supplied with minerals and accessory growth factors, meat is an ideal 

medium for many organisms to growth (Thanigaive  2015) 

The predominant bacterial pathogen isolated was E coli, Salmonella spp, 

Staphylococcus aureus and Pseudomonas spp. The predominant mold pathogen 

isolated was Penicillium spp, followed by Mucor spp, Aspergillus niger, Alternaria 

spp, Sporotrichum, Aspergillus fumigates. The predominant yeast pathogen isolated 

was Trichosporan spp followed by Rhodotorula spp, Candida spp. Thus several study 

reveals the fact that raw meat is heavily contaminated with the bacterial and fungal 

pathogens therefore there is an urgent necessity to minimize the contamination of 

meat sold in market places by proper sanitation and inspection practices (Thanigaive 

2015).  

2.4 Escherichia coli    

2.4.1 Morphological and cultural characteristics  

E coli is a gram negative bacillus which measures around 1-3×0.40.7µm in size. The 

bacilli are arranged singly or in pairs. They are motile due to the presence of 

peritrichous flagella. Some strains are non motile. Some strains of E coli may be 

fimbriated. The fimbrae are of type I (hemagglutinating and mannose-sensitive) and 

are present in both motile and non motile strains. Some strains of E coli isolated from 

extraintestinal infection possesses polysaccharide capsule. They do not form any 

spores. E coli is an aerobe and a facultative anaerobe. It grows at a temperature range 

of 10-40°C (optimum 37°C) and a pH of 7.2. The bacteria grow on wide range of 

media including Muller-Hinton Agar, Nutrient Agar, Blood Agar (Chakroborty 2006).  

E coli on nutrient agar produces large, circular, low convex, grayish white, moist, 

smooth, opaque, or partially translucent colonies. On MacConkey agar, it produces 

bright pink colonies due to lactose fermentation. It produces green metallic sheen 

colonies on M-Endo agar. They ferment lactose, glucose, mannitol, maltose, and 

many other sugars with no production of acid and gas. They do not ferment sucrose. 

Some strains are late lactose or non lactose fermenters. The indole, methyl red (MR), 

Voges-Proskauer (VP), and citrate utilization tests, generally referred to as the 

'IMViC' tests, are four mportant biochemical tests widely used in the classification of 
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Enterobacteria. E coli is indole and methylred (MR) positive, and VP and citrate 

negative (IMViC ++--) (Chakroborty 2006).  

2.4.2 Virulence factor  

E coli was described in 1885 by a German pediatrician, Theodar Escherich, in the 

faeces of a child suffering diarrhea. In 1893, a Danish veterinarian postulated that 

the.coli species comprises different strains, some being pathogens, others not. Today 

the E.coli species is sub-divided into several pathogenic strains causing different 

intestinal, urinary tract or internal infections and pathologies, and in animal species 

and in humans. The interaction between E.coli and the mucosal immune system, takes 

place with the help of different classes of adhesins (fimbrial adhesins, afimbrial 

adhesins and outer membrane proteins), the type 3 secretion system, and some toxins 

(oligopeptide, AB, and RTX pore-forming toxins) produced by E.coli, that can 

directly interact with the epithelial cells of the intestinal, respiratory and urinary tracts 

(Mainil  2013).  

2.4.3 Pathogenesis  

E coli is an invasive bacterium. It colonizes the human intestine and under specific 

conditions directly invades the intestinal mucosa or produces toxins to cause intestinal 

infections. The bacteria can enter the blood stream and cause septicemia, meningitis, 

and other systemic manifestations. The bacteria, under certain conditions, directly 

invade urinary tract causing UTIs or cause intra-abdominal infections.  

 2.5 Laboratory Diagnosis  

Laboratory diagnosis of E. coli infections is based on  

1. Isolation of E. coli by culture  

2. Identification of E. coli by various biochemical tests. 

Culture Definitive diagnosis is based on the isolation of E. coli from various food 

specimen by culture.  Meat sample and other food samples are cultured in selective 

media for the isolation of the bacteria. Samples are inoculated directly on Macconkey 

and M endo agar media. The plates are incubated at 37ºC overnight and looked for the 

characteristic lactose-fermenting colonies on Macconkey agar media and greenish 
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metallic sheen colonies on M endo agar. E. coli is identified by performing various 

biochemical tests.  

2.6 Antimicrobial resistance  

Antibiotic resistance is the resistance usually arising from random mutations in 

existing genes or from intact genes that already serve a similar purpose due to 

acquired ability of the pathogenic bacteria to withstand an antibiotic that kills off its 

sensitive counterparts. Exposure to antibiotics and other antimicrobial products, 

whether in the human body, in animals, or the environment, applies selective pressure 

that encourages resistance to emerge favoring both 'naturally resistant strains' and 

which have 'acquired resistance' (ASM 2009). Acquired antimicrobial resistance is a 

growing worldwide problem due to the increasing use of antimicrobials in human, 

animals, and agriculture. In developing countries like Nepal, the situation is 

particularly serious for reasons such as availability of antimicrobials outside of 

recognized treatment centers, lack of guidelines regarding the selection of drugs, 

correct prescribing, and information about drug resistance, and over crowing and poor 

hygiene (Jane and Siegel 2006). Some strains of E coli carry plasmid longer than 200 

kb that contains genes of multiple drug resistance in addition to the genes for cell 

invasion and cell adhesion.   

2.6.1 Causes of spread of Antimicrobial Resistance  

1) Failure to adhere to appropriate infection control techniques both within and 

outside the hospital  

2) Improper hygienic practices that cause the transmission of resistant bacteria.  

3) Exposure of people to various centres like day care center, nursing homes where 

probably resistance harboring microorganisms are present and may be transmitted.  

4) Transmission from patient to patient, presumably by transiently or persistently 

colonized health care worker etc.  

5) From non-human niches in which antibiotics are used in excess. (Suman et al 

2007).  
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2.7 Multidrug Resistance  

Multidrug resistance in bacteria is generated by two mechanisms. First, bacteria may 

accumulate multiple genes, each encoding for resistance to a single drug, within a 

single cell. Second, multidrug resistance may occur by the increased expression of 

genes that code for multidrug efflux pumps, extruding a wide range of drugs (Nikaido 

2009). Concurrent resistances to antimicrobials of different classes has arisen in a 

multitude of bacterial species complicating the therapeutic management of infections 

and are considered multidrug resistant if they show resistance to three or more 

routinely used antibiotics (Daniel et al 2001). Multidrug resistance (MDR) bacterial 

isolates have been frequently reported from different parts of the world as an 

emergence of treatment problem. The World Health Organization (WHO), the 

European Commission, and the U.S Centers for Disease Control and Prevention 

(CDC) have recognized the importance of studying the emergence and determinants 

of multidrug resistance as well as the need for control (Alekshum et al 2007, Oteo et 

al 2005, WHO 2004).  

2.8 β-lactam antibiotics  

2.8.1. General structure and function  

β-lactam is a generic name for all β-lactam antibiotics that contain a β-lactam ring, a 

heteroatomic ring structure, consisting of three carbon atoms and one nitrogen atom. 

The β-lactam bactericidal antibiotics consist of four main antibiotic groups. These 

main groups are penicillins, cephalosporins, carbapenems and monobactams. The 

principal classification of β-lactams is based upon the structure (Wilke et al 2005).  

2.8.2. β-lactamase inhibitors  

β-lactamase inhibitors are designed to inhibit or destroy the effectiveness of 

βlactamase enzymes. The β-lactamase inhibitors are divided into two groups: 

clavulanic acid and penicillanic acid sulfones. Clavulanic acid acts synergistically 

with different penicillins and cephalosporins against gram-negative bacteria that 

produce β-lactamases. The penicillanic acid sulfones, sulbactam and tazobactam are 

structurally related and sulbactam is combined with ampicillin, while tazobactam is 

combined with piperacillin (Moosdeen et al 1998).  
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2.8.3 Resistance to β-lactams  

The resistance to β-lactams can be inherent or acquired. Inherent resistance in a gram-

negative bacterium is due to an outer membrane that establishes a permeability barrier 

against the antibiotic. For example, gram-negative bacteria are intrinsically resistant 

to penicillin G by virtue of their double membrane structure which prevents the 

antibiotic from accessing the cell wall target. Intrinsic resistance is not considered an 

important clinical problem since antimicrobial agents are or were not intended for use 

against intrinsically resistant bacteria (CDC 2006). It is the acquired resistance that is 

of clinical importance. Acquired resistance to β-lactams operates through different 

mechanisms: production of β-lactamases, changes in the outer membrane permeability 

or alterations to the PBPs (Wilke et al 2005). β-lactamases are a group of enzymes 

that are most likely originally targeted for synthesis of the cell wall, but have also 

evolved to degrade and inactivate β-lactam antibiotics. These flexible enzymes have 

been detected in both gram-positive and gram-negative bacteria, but these enzymes 

are especially important in gram-negative bacteria as they are the most common cause 

of β-lactam resistance in this group of bacteria (Bush et al 1995; Livermore 1995).  

 2.9 β-lactamases  

2.9.1. Classification and nomenclature of β-lactamases  

Different classifications based on phenotype, gene or amino acid protein sequences 

and function have been attempted since the beginning of the 1970s (Richmond and 

Sykes 1973; Ambler et al 1991; Bush et al 1995; Hall and Barlow 2005). One of the 

most used classification schemes is Ambler’s (Ambler et al 1991) based upon amino 

acid sequences. By this classification the β-lactamases are divided into four molecular 

classes, A, B, C and D.  In addition to the Ambler classification, β-lactamases can be 

classified based on their substrate specificity. Penicillinases, extended-spectrum β-

lactamases (ESBLs), carbapenemases and so on are examples of classification of 

βlactamases by they preferred substrate specificity. This classification does not follow 

the phylogeny of these enzymes. For example, ESBLs exist among several different 

phylogenetically defined β-lactamase groups. For this work, ESBLs are the most 

important group of β-lactamases. The exact definition of the ESBLs is not clear 

(Livermore 2008).  The nomenclature of β-lactamases is not logical. They are named 

in different ways, some after their preferred substrate, like IMP (active on imipenem) 
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and OXA (oxacillinase), others according to biochemical properties, like SHV, while 

others are named according to bacteria, or patient or hospitals (Bush et al 1997).  

2.9.2. Structure and action of β-lactamases   

The β-lactamases are divided into two classes; serine and metallo β-lactamases that do 

not share sequence or structural homology. However, both β-lactamase classes 

hydrolyze the amide bond of the four-membered β-lactam ring. The serine β-

lactamases have a serine in the middle of their structure. The covalent bond that is 

formed during hydrolysis between the enzyme and the β-lactam ring is typical of 

these enzymes. The three classes of serine ß-lactamases, A, C and D share similarity 

on the protein structure level, which proves that they descended from a common 

ancestor (Hall and Barlow, 2004). The metallo β lactamases need a bivalent cation, 

usually zinc, to be able to hydrolyse the β lactam ring (Garau et al 2005).  

2.10 Extended Spectrum Beta Lactamase  

Detection ESBL can be detected by several methods. They are as follows.  

2.10.1 Detection of ESBL by combined disc method  

Two important steps are involved in ESBL test.  

2.10.1.1 Screening of ESBL producers:  

Disk diffusion methods involves for screening for ESBL production by Klebsiella 

pneumoniae, Klebsiella oxytoca, Escherichia coli and Proteus mirabilis. Laboratories 

using disc diffusion methods for antibiotic susceptibility testing can screen for ESBL 

production by noting specific zone diameters which indicate a high level of suspicion 

of ESBL production. The disks used are cefpodoxime, ceftazidime, azetronam, 

cefotaxime and ceftriaxone (Rawat and Nair 2010). The zone of inhibition less than 

22 mm for ceftazidime, 27 mm for cefotaxime, 17 mm for cefpodoxime, 27 mm for 

azetronam, 25 mm for ceftriaxone was considered a potential ESBL producer as 

recommended by CLSI.  
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2.10.1.2 Phenotypic confirmatory tests for ESBL production:  

The CLSI advocate use of cefotaxime (30 µg) or ceftazidime (30 µg) disks with or 

without clavunate (10 µg) for phenotypic confirmation of the presence of ESBLs in 

bacterial like Klebsiella and E coli, Proteus mirabilis and Salmonella spp. The CLSI 

recommends that the disk tests be performed with confluent growth on Mueller-

Hinton agar. A difference of ≥5 mm between the zone diameters of either of the 

cephalosporin/clavunate disks is taken to be phenotypic confirmation of ESBL 

production (Rawat and Nair 2010).  

2.10.2 ChromID ESBL screening agar plate  

The ChromID ESBL screening agar plate consists of a mixture of antibiotics which 

includes cefpodoxime, two chromogenic substrates, and one natural substrate, to 

enable direct species identification. The screening agar plate is inoculated with 1μl (a 

standard loopful) of a 0.5 McFarland standard suspension of Enterobacteriaceae. 

Subsequently, the agar is incubated aerobically at 35 to 37°C for 18 to 24 h in an 

inverted position. Growth on the agar is as considered a positive test result 

(Overdevest et al 2001).  

2.10.3 MIC-strip ESBL  

The MIC-strip ESBL is a broth micro-dilution assay. The test consists of 11 wells 

containing different amounts of antibiotic; 6 wells contain cefpodoxime, 4 wells 

contained cefpodoxime plus clavulanic acid and 1 control well contained no 

antibiotics. Mueller-Hinton broth is inoculated with a 0.5 McFarland standard 

bacterial suspension, resulting in a 1:200 dilution. Of this dilution, 100 μl is 

inoculated in each well of the MIC-strip. Subsequently, the MIC-strip is incubated 

aerobically at 35 to 37°C for 18 to 24 h, and then a visual check for growth is execute, 

based on turbidity. The lowest concentration with no detectable growth is considered 

the MIC. A MIC reduction of three or more dilution steps was considered indicative 

of ESBL production (Overdevest et al 2001).  

  



14 
 

2.10.4 Vitek2 ESBL test panel  

The AST-EXN4 card is used in combination with the Vitek2 system. The panel has 

six wells containing 1.0 μg/ml cefepime, 0.5 μg/ml cefotaxime, or 0.5 μg/ml 

ceftazidime alone and in combination with clavulanic acid (10 μg/ml, 4 μg/ml, or 4 

μg/ml, respectively). Growth in the wells is quantitatively asses by means of an 

optical scanner. The proportional reduction in growth in wells containing 

acephalosporin with clavulanic acid compared with those containing the 

cephalosporin without clavulanic acid is considered indicative of ESBL production 

(Overdevest et al 2001).  

2.10.5 Modified Double Disc Synergy Test  

The strains which shows a diameter of less than 27mm for cefotaxime and less than 

25mm for ceftriaxone, is selected for checking the ESBL production. The ESBL 

production is tested by the Modified Double Disc Synergy Test (MDDST) by using a 

disc of amoxicillin-clavulanate (20/10 μg) along with four cephalosporins; 3GC-

cefotaxime, ceftriaxone, cefpodoxime and 4GC-cefepime. A lawn culture of the 

organisms is made on a Mueller-Hinton agar plate, as recommended by CLSI. A disc 

which contained amoxicillin-clavulanate (20/10 μg) is placed in the centre of the 

plate. The discs of 3GC and 4GC are placed 15mm and 20mm apart respectively, 

centre to centre to that of the amoxicillin-clavulanate disc. Any distortion or increase 

in the zone towards the disc of amoxicillin-clavulanate was considered as positive for 

the ESBL production (Kaur et al 2013). 
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CHAPTER III 

MATERIALS AND METHODS 

3.1 Materials  

Materials, equipments and reagents used in different stages of this study have been 

mentioned in the Appendix A.  

 3.2 Methodology  

3.2.1 Study design 

Laboratory based cross-sectional descriptive study design was conducted. 

3.2.2 Sampling plan and its collection  

Among several meats being consumed in Bharatpur, buff is chosen to conduct this 

research as these meats are the most consumed in Bharatpur Metropolitan.  

Non-repeated buff samples from different retail meat shops of Bharatpur Metropolitan 

were aseptically collected in a sterile beaker. Samples were transported to the 

laboratory as soon as possible.  

3.2.3 Study site  

From different meat shops of Bharatpur Metropolitan, buff samples were collected. 

The collected meats are processed in Microbiology laboratory of Balkumari College, 

Narayangarh, Chitwan.  

3.2.4 Study period  

The study was conducted for the period of one and half months from 18th May to 4th 

June 2020. 

3.2.5 Sample size  

A total of 20 buff samples were collected from different meat shops.  
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3.2.6 Sample processing  

A sterile, dry small beaker was used for collection of each sample of buff meat. A 

small piece of about 5-10 grams buff meat was kept in the beaker. The collected 

samples were transported to the laboratory. Since the beaker was properly capped 

with aluminum foil or sterile cotton, it made reduce or false results.   

3.3 Sample evaluation   

Any visible contamination in collected buff meat sample, delay of the buff and mutton 

meat sample to the laboratory were evaluated.  

3.3.1 Inclusion Criteria  

The buff samples from different meat shops of Bharatpur Metropolitan were included 

in the study.  

3.3.2 Exclusion Criteria  

The buff meat sample with visible contamination were excluded and recommended 

for the recollection of the sample.  

3.4. Culture of specimen  

3.4.1 Sample culture  

Buff meat samples were first of all kept in peptone water containing conical flask. 

After 30 minutes about 2-3 ml of the inoculated peptone water was transferred test 

tubes containing Nutrient broth. Test tubes were incubated aerobically at 37°C 

overnight. After 24 hours incubation, organisms from Nutrient broth were streaked in 

MacConkey agar plate with discontinuous streaking technique. Plates were incubated 

aerobically at 37°C overnight. After 24 hours incubation, the isolated pink colonies 

were streaked in M-Endo agar plate with discontinuous streaking technique. Plates 

were incubated aerobically at 37°C overnight. After 24 hours incubation, the plates 

were examined (Shrestha et al 2018).  
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3.4.2 Identification of Isolates  

For the identification of E coli isolates, standard microbiological techniques as 

described in Bergey's Manual of systemic bacteriology (2005) which comprises of 

studying the colony morphology, staining reactions and various biochemical 

properties. Isolated colonies from pure culture were identified by performing the 

standard biochemical tests (MR test, VP test, Citrate test, Urease test).  

 3.5. Antibiotic susceptibility testing  

The antibiotic susceptibility testing of isolates were performed according to Clinical 

and Laboratory Standards Institute (CLSI) recommended modified Kirby-bauer 

susceptibility testing method (CLSI, 2006). Ampicillin (Amp), Cefotaxime 

(CTX),Gentamicin (Gen), Ciprofloxacin (Cip), Colisitin (CL), Imipenam (Imp), 

Polymyxin B (Pb),  Amikacin (Amk), Levofloxacin (LV) were the antibiotics used.  

 3.6. ESBL screening criteria 

 The screening of ESBL was performed by using ceftazidime (30µg) disks (Himedia). 

The zone of inhibition less than 22 mm for ceftazidime and 27 mm for cefotaxime 

was considered a potential ESBL producer as recommended by CLSI. For the 

conformation of ESBL, combination disk method was used. The combination of 

Ceftazidime and Cefotaxime alone and in combination with Clavunic acid 

(CA)(10µg) were used. An increase ZOI of >5mm for either antimicrobial agent 

tested in combination with CA versus its zone when tested alone confirms ESBL 

positive.  

 3.7. Purity plate   

The purity plate was used to ensure that the inoculation used for the biochemical test 

is pure culture and also to see whether the biochemical tests are performed in an 

aseptic condition or not. Thus, while performing biochemical tests, the same inoculum 

was sub cultured in respective medium and incubated. The media was then checked 

for the appearance of pure growth of organisms. 
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CHAPTER IV 

RESULTS 

  

4.1 Proportions of Escherichia coli positive sample 

 

 

 

A total number of 20 samples were tested, out of which 15 produced characteristic green 

metallic sheen colonies on M-Endo agar medium and all were culturally and biochemically 

confirmed to be E coli i.e. 75% of total samples were positive for E coli.  
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4.2 Antimicrobial Resistance pattern of isolates  

In this study, all 15 isolates of E coli tested for their antibiotic resistance profile against 9 

different antibiotics of 6 different groups. Antibiotic susceptibility testing revealed that 9 

isolates were resistant to Ampicillin (60%), followed by Imipenum (53%) and Levofloxacin 

(33%). However, Amikacin and Gentamicin were found to be most sensitive i.e. 100%.  

 

 Table 1: Antibiotic resistance profile of Escherichia coli 

Group of Antibiotics Antibiotic  Resistance  Intermediate  Sensitive  

Penicillin  Ampicillin 9 (60%) 2(13%) 4(27%)  

Cephalosporin  Cefotaxime 3 (20%) 1(7%) 11 (73%)  

Aminoglycoside  

 

Gentamicin 

 

Amikacin 

- - 15(100%) 

 

15(100%) 

 

 Carbapenems  

 

Imipenam 

 

Ciprofloxacin 

8(53%) 

 

1(7%) 

1(7%) 

 

2(13%) 

6(40%) 

 

12(80%) 

 

Fluroquinolones 

 

Levofloxacin 5(33%) 1(7%) 9(60%)  

Polymyxin  Polymyxin-B 

 

Colistin 

3(20%) 8(53%) 

 

7(47%) 

4(27%) 

 

8(53%) 
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4.3 Proportions of ESBL suspected among Escherichia coli isolates 

 

 

Figure 2: Proportions of ESBL suspected among Escherichia coli isolates. 

 

The proportions of ESBL producing strains against buff meat was (20%) that is out of 15 

isolates only 3 were ESBL positive and 12 (80%)  isolates were found to be non ESBL 

strains. 
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4.4 Proportions of Multi-drug resistance Escherichia coli isolates.  

In this study, out of 15 E coli isolates, 3 (20%) was found to be resistant to three or more 

classes of antibiotics. Thus, 3 isolates were found to be multi-drug resistance while 12 

isolates were non- multi-drug resistance.  

 

Table 2: Multi-drug resistant pattern of Escherichia coli isolates  

Meat Sample Multi-drug resistance(MDR) Non multidrug resistance (Non-

MDR)  

 

Buff 3 12 
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CHAPTER V 

DISCUSSION 

 Meat, though nutritious food gets contaminated with bacteria by the adoption of unhygienic 

practices by infected meat handlers during processing. Similarly, when cattle are slaughtered 

and processed, some bacteria found in their intestines such as E. coli can get on the meat. 

New problems of food borne zoonotic diseases are arising in conjunction with the 

development of different types of food and animal origin. Any vegetables, milk or water that 

has been contaminated with animal meat could contain these bacteria.  The present study 

revealed that the most of the retail shops do not operate in a safe and sanitized environment. 

Further, the chopping blocks of wood were found to be same every day without proper 

cleanliness, the same reason mentioned by Saikia and Joshi 2010.  

In recent years, MDR bacteria have been found increasing outside the hospital environment. 

The foods are being contaminated with MDR bacteria, particularly of meat and meat 

products. This study is performed aiming to evaluate the prevalence of MDR and ESBL 

producing E coli in buff meat on Bharatpur Metropolitan. Meat passed through different 

contacts starting from slaughtering house ending in the food served to eat, during which it 

may get contaminated with antibiotic resistant bacteria. There is less or no research regarding 

the prevalence of the ESBL producing E coli in buff meat samples in the study area. 

For this study, 20 meat samples were analyzed, of which 15 samples showed the growth of E 

coli. Out of 15 isolates, 1 was MDR and 1 was ESBL producer.  The prevalence of ESBL 

producer bacteria in buff is 6%. ESBL production by the bacteria might be due to transfer of 

those bacteria from infected meat handlers or poor sanitary condition prevailing in that 

particular locality. This is the first research revealing the result regarding the condition of the 

buff meat sold in our setting. Thus, comparison of our result with different countries may not 

be feasible due to difference in sample size, study methodology, geographical condition and 

so on. 

Resistance to antimicrobial drugs is causing increasing morbidity and mortality due to 

infectious diseases. Antibiotic resistance is a global problem. It is now generally considered 

as public health issue and has significant implication in health. The problem of the bacteria 

resistance to antimicrobial drugs is more troublesome to developing countries like Nepal.  
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CHAPTER VI 

CONCLUSION AND RECOMMENDATIONS 

 

 6.1 Conclusions  

The prevalence rate of E Coli contamination was found to be 75%. All the isolates of E Coli 

were found to be susceptible to gentamicin and amikacin and highly resistant to Amipicillin 

following Imipenum and Levofloxacin.  Out of 15 isolates 1 was found to be multidrug 

resistant while 1 ESBL producing strains. 

6.2 Recommendation  

Based on finding of study, following recommendation have been made:  

i. Antibiotic susceptibility test should be carried out in order to prescribe appropriate 

and accurate treatment for the infection.  

ii. Disc diffusion assay for the susceptibility testing though is simple to perform and 

inexpensive, cautions interpretation of resistant isolates may be necessary.  

iii. Gentamicin and Amikacin antibiotics are the choice of drug to treat Escherichia 

coli.  

iv. Abuse of antibiotics in animal feed and food animal must be stopped and must be 

used under veterinary supervision.  

v. Proper sanitation method must be applied in slaughter houses.  
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APPENDIX-A 

LIST OF EQUIPMENTS AND MATERIALS USED DURING THE STUDY 

A. EQUIPMENTS 

Hot air oven       Incubator    

Autoclave       Weighing machine 

Refrigerator       Water bath    

Microscope  

 

B. MICROBIOLOGICAL MEDIAS 

Peptone water      Muller Hinton Agar 

Nutrient broth      Macconkey agar  

MR-VP medium    M-endo agar  

Triple Sugar Iron agar    Nutrient agar 

 

C. CHEMICALS AND REAGENTS 

Gram’s iodine     Crystal violet      

Safranine      Kovac’s reagent 

Ethanol     Methyl red 

  



xv 
 

D. ANTIBIOTIC DISCS 

All the antibiotics discs used for the susceptibility tests were from Hi-media Laboratories 

Pvt. Limited, Bombay, India. The antibiotics used were as follow:- 

Ampicillin (AMP 10mcg) Imipenem (IPM 10mcg) 

Amikacin (AMK 5mcg) Colistin (CL 10 mcg) 

Cephotaxime (CTX 30 mcg) Polymyxin-B (PB 300 units) 

Ciprofloxacin (CIP 5mcg) 

Gentamicin (GEN 10mcg) 

E. MISCELLANEOUS 

Conical flasks, Cotton, Distilled water, Forceps, Glass slides and cover slips, Immersion oil, 

Inoculating loop, Inoculating wire, Measuring cylinder, Petri dishes, Pipettes, Cotton 

swabs, Spatula, Test tubes, Wooden stick. 
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APPENDIX-B 

A. GRAM-STAINING PROCEDURE 

First devised by Hans Christian Gram during the late 19 th century, the Gram-stain can be used 

effectively to divide all bacterial species into two large groups: those that take up the basic dye, 

crystal violet (Gram-positive) and those that allow the crystal dye to was out easily with the 

decolorizer alcohol or acetone (Gram-negative).  

The following steps are involved in Gram-stain: 

 A thin film of the material to be examined was prepared and dried. 

 The material on the slide was heat fixed and allowed to cool before staining. 

 The slide was flooded with crystal violet stain and allowed to remain without drying for 

 1 minute. 

 The slide was rinsed with tap water, shaking off excess. 

 The slide was flooded with iodine solution and allowed to remain on the surface 

 without drying for twice as long as the crystal violet was in contact with the slide 

 surface. 

 The slide was rinsed with tap water, shaking off excess. 

 The slide was flooded with alcohol acetone decolorizer for 10 seconds and rinsed 

 immediately with tap water until no further color flows from the slide with the 

 decolorizer. Thicker smear requires more aggressive decolorizing. 

 The slide was flooded with counter-stain (safranine) for 1 minute and washed off with 

 tap water. 

 The slide was blotted between two clean sheets of bibulous paper and examined 

 microscopically under oil immersion at 100X. 
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APPENDIX-C 

METHODOLOGY OF BIOCHEMICAL TESTS USED FOR IDENTIFICATION OF 

BACTERIA 

 

A. Catalase test 

This test is performed to demonstrate the presence of catalase, an enzyme that catalyses the 

release of oxygen from hydrogen peroxide.During aerobic respiration, in the presence of 

oxygen, microorganisms produces hydrogen peroxide, which is lethal to the cell itself. The 

enzyme catalase is present in most cytochrome containing aerobic and facultative anaerobic 

bacteria, the main exception being Streptococcus spp. 

 

Procedure: A small amount of a culture from Nutrient Agar plate was taken in a clean glass 

slide and about 2-3 drops of 3% H2O2 was put on the surface of the slide. The positive test is 

indicated by the formation of active bubbling of the oxygen gas. A false positive reaction may 

be obtained if the culture medium contains catalase (e.g. Blood Agar) or if an iron wire loop is 

used. 

 

B. Indole Production test 

 

This test detects the ability of the organism to produce an enzyme: ‘tryptophanase’ which 

oxidizes tryptophan to form indolic metabolites: indole, skatole (methyl indole) and indole 

acetic acid. The enzyme tryptophanase catalyses the deamination reaction attacking the 
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tryptophan molecule in its side chain and leaving the aromatic ring intact in the form of indole. 

Procedure: A smooth bacterial colony was stabbed on SIM (Sulphide Indole Motility) 

medium by a sterile stab wire and the inoculated media was incubated at 37°C for 24 hours. 

After 24 hours incubation, 2-3 drops of Kovac&#39;s reagent was added. Appearance of red 

color on the top of media indicates indole positive. Indole if present combines with the aldehyde 

present in the reagent to give a red color in the alcohol layer. The color reaction is based on the 

presence of the pyrrole structure present in indole. 

C. Methyl Red test 

This test is performed to test the ability of an organism to produce and maintain stable acid end 

product from the fermentation of glucose to give a red color with the indicator methyl red and 

to overcome the buffering capacity of the system. Medium used in the study was Clark and 

Lubs medium (MR/VP broth, pH 6.9). Methyl red is an indicator which is already acid and will 

denote changes in degree of acidity by color reactions over a pH range of 4.4- 6.0. 

Procedure: A pure colony of the test organism was inoculated into 2 ml of MRVP medium 

and was incubated at 37°C for 24 hours. After incubation, about 5 drops of methyl red reagent 

was added and mixed well. The positive test was indicated by the development of bright red 

color, indicating acidity and negative with yellow color. 

 

D. Voges-Proskauer (VP) test 

The principle of this test is to determine the ability of some organisms to produce a acetyl 

methyl carbinol, a neutral end product (acetoin) or its reduction product 2, 3-butanidiol during 

fermentation of carbohydrates. An organism of the Enterobacteriaceae group is usually either 
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methyl red positive and Voges- proskauer- negative or methyl red negative and Voges- 

Proskauer positive. The Voges proskauer test for acetoin is used primarily to separate E. coli 

from Klebsiella and Enterobacter species. 

Procedure: A pure colony of the test organism was inoculated into 2 ml of MRVP medium 

and was incubated at 37°C for 24 hours. After incubation, about 5 drops of Barritt&#39;s reagent 

was added and shaken well for maximum aeration and kept for 15 minutes, positive test is 

indicated by the development of pink red color. 

 

E. Citrate Utilization test 

This test is performed to detect whether an organism utilizes citrate as a sole source of carbon 

for metabolism with resulting alkalinity. The medium used for citrate fermentation (Simmon’s 

Citrate medium) also contains inorganic ammonium salts. Organisms capable of utilizing 

citrate as its sole carbon source also utilizes the ammonium salts present in the medium as its 

sole nitrogen source, the ammonium salts are broken down to ammonia with resulting 

alkalinity. 

Procedure: A loopful of test organism was streaked on the slant area of Simmon’s Citrate 

agar medium and incubated at 37°C for 24 hours. A positive test was indicated by the growth 

of organism and change of media by green to blue, due to alkaline reaction. The pH indicator 

bromothymol blue has a pH range of 6.0-7.6, i.e. above pH 7.6; a blue color develops due to 

alkalinity of the medium. 
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F. Triple Sugar Iron (TSI) Agar Test. 

The TSI agar is used to determine the ability of an organism to utilize specific carbohydrate 

incorporated in the medium (glucose, sucrose and lactose in concentrations of 0.1%, 1.0% and 

1.0% respectively), with or without the production of gas (indicated by cracks in the media as 

well as an air gap at the bottom of the tube) along with determination of possible hydrogen 

sulfide production (detected by production of black color in the medium). A pH indicator 

(phenol red) included in the medium can detect acid production from fermentation of these 

carbohydrates and it gives yellow reaction at acidic pH, and red reaction to indicate an alkaline 

surrounding. 

Procedure: The test organism was streaked and stabbed on the surface of TSI and incubated at 

37°C for 24 hours .Acid production limited only to the butt region of the tube is indicative of 

glucose utilization, while acid production in slant and butt indicates sucrose or lactose 

fermentation. The results are interpreted as follows: 

a. Yellow (Acid)/ Yellow (Acid), Gas, H 2 S → Lactose/ Sucrose fermenter,                         

        H 2 S producer 

b. Red (Alkaline) / Yellow (Acid), No Gas, No H 2 S → Only Glucose, not  lactose/Sucrose 

fermenter, not aerogenic, No H 2 S production.   

c. Red (Alkaline) / No Change →   Glucose, Lactose and Sucrose non-fermenter. 

d. Yellow (Acid)/ No Change → Glucose- Oxidiser. 

e. No Change / No Change →Non-fermenter. 
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APPENDIX-D 

 

BIOCHEMICAL TEST FOR IDENTIFICATION OF BACTERIA E.coli 

1 Triple Sugar Iron(TSI) Agar- Glucose fermentation, Gas production, Y/Y with gas 

production 

1 Simmon’s citrate - No utilization of citrate Negative 

2  Indole- Organism breakdown to tryptophan to indole, Positive 

3  Methyl Red - Organism produce and maintain stable acid and glucose fermentation, Positive 

4 Voges Proskauer -Mixed acid fermentation, acetone production, Negative 

 

  



xxii 
 

APPENDIX E 

 

MORPHOLOGICAL AND CULTURAL CHARACTERISTIC OF BACTERIA 

Escherichia coli. 

 

Bacteria Morphological characteristics-  Escherichia coli Gram negative ,rods of 1-3µm in size, 

Aerobic and anaerobic, non-sporing, Motile, non-capsulated. 

Cultural characteristics 

On MA: Bright pink colonies due to lactose fermentation, smooth, glossy and translucent. 

On M-endo agar- Greenish metallic sheen colonies 
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