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ABSTRACT
Suya is a popular spicy barbecued meat product in Nigeria; hence, the phenotypic and molecular occurrence of Extended-Spectrum beta-Lactamases (ESBL) producing enteric bacteria in this food, at sales point, was investigated. Suya meat purchased from different sales spots, inside and around Bowen University, Iwo, Osun State, were screened for enteric bacteria on eosin methylene blue (EMB) agar. The isolates were subjected to routine IMVIC tests (Indole, Methyl red, Voges-Proskaur and citrate utilization tests) among other standard morphological and biochemical test. Furthermore, the antibiotic profile of 0.5 McFarland concentration of each enteric bacterium inoculum was determined on Muller-Hinton agar. Phenotypic confirmation of ESBL producers was by the double disc synergy technique while molecular screening for the ESBLA-encoding genes blaSHV, blaTEM and blaCTX-M was carried out using the Multiplex PCR amplification technique. The Enterobacteriacea distribution indicated 65% Enterobacter aerogenes, 20% Escherichia coli and 15% Klebsiella sp. Only one Escherichia coli was positive for ESBL producer following the phenotypic confirmation test. While the result of the molecular distribution of the ten enteric bacteria screened shows that 40% of the isolates are Extended-Spectrum beta-Lactamases (ESBL) producing Enterobacteriaceae. Fifteen percent of these ESBL producers show the presence of blaCTX gene while 40% show the presence of blaTEM genes. Moreso, another 40% of the isolates were found to be multi-antibiotics resistance MAR, showing resistant to more than three of the tested antibiotics. These results indicated that the popular ready-to-eat “Suya” are potential reservoir for multi-antibiotics resistant and Extended Spectrum Beta-Lactamase producing Enterobacteriacea, which is of public and animal health concern.
CHAPTER ONE

INTRODUCTION
Meat is an edible animal flesh which comprises principally the muscular tissue, and also includes internal organ called viscera such as heart, liver, kidney, intestine and bladder (Moshood et al., 2012). Adams and Moss (1999) have related that the bulk of meat is derived from goat, cattle, pig, sheep, and poultry. Because of the enormous value of meat in the diet, hence there exist large markets for meat and meat products worldwide at varying money value; this trend makes their demand increase day by day across the globe (Adams and Moss, 1999). Meat products are obtained when raw meat or preserved meat (cured meat) are altered in form by grinding, pressing, drying and other processes and then augmented in flavour by roasting, spicing or blending with other food. These meat products are subjected to combination of several basic processing steps before reaching their final form (Moshood et al., 2012).
Roasting of meat is a process that uses dry heat where hot air envelops the meat, cooking it evenly on all sides with temperatures of at least 150°C from an open flame, oven, or other heat source (Blaisdell, 2002). The process of roasting enhances flavor through caramelization and Maillard browning on the surface of the meat using indirect or diffused heat (as in an oven), and is suitable for slower cooking of meat in a larger, whole piece (Blaisdell, 2002). 

In Nigeria, traditionally roasted ready-to-eat meat products include “balangu”, “kilishi’, “dan-bu-nama”, “tsire”, “jirga”, “ndako”, “banda”, “suya” and many more.  Suya meat is a boneless lean meat of roasted mutton, beef, goat or chicken meat. It is a traditionally processed meat product and is usually not done with strict hygiene condition (Inyang et al., 2005). The meat is trimmed from associated connective tissues, nerves and vessels, artfully sliced into very thin continuous sheets which are then cut into pieces. The pieces of meat are staked on sticks, spiced with groundnut powder/flour, salt, vegetable oil and flavourings such as monosodium glutamate or others. The sticks are then arranged round the heat place for the meat to roast. The duration of roasting depends on such factors as fire intensity and size of meat. The traditional roasting of suya is usually done by wood smoke (Inyang et al., 2005). The prepared “Suya‟, when being sold are usually packaged in leftover newspapers and sometimes in cellophane or nylon bags. Most of the stages of preparation, materials used, packaging, the handlers and the surrounding environment can serve as source of contaminants to the meat product (Uzeh et al., 2006).

The production and consumption of Suya meat cut across religion, social status and gender, Suya is easily assessable within Bowen University Community. One of the sole problems in the delivery of suya is the poor product sanitation and retail which significantly influence its bacteria quality. Hence this factor is a strong negative reason against its consumption particularly by some educated individuals for they insist on the product being hot at the time purchase (Moshood et al., 2012). The factor which affects the microbial growth in both raw meat and meat products are intrinsic factors which includes: moisture content, pH, nutritive value and absence of barriers or inhibitory substance to the growth of micro-organism. Extrinsic factors such as temperature, relative humidity, Oxygen availability and other factors including chemical and physical properties of food (meat) affect microbial growth (Adams & Moss, 1999).
Meanwhile the processing of meat products increases the quality, texture, flavour, colour as well as reduce bacterial contaminant of meat used (James, 2001). On heating, frying or smoking, meat losses its moisture which results in increasing the concentration of other nutrients thus protein and fats are present in larger amount per unit weight in dried meat samples than in their fresh forms. However excessive heat leads to appreciable loss in biological values as protein are denatured and essential amino acid are made unavailable by thermally induced chemical reactions and loss of water soluble vitamins (affect vitamin content) (Moshood  et al., 2012).

Microorganisms that occur in meat and meat products like Suya most times are responsible for their contamination. These microorganisms include Bacillus sp, Clostridium sp., Salmonella sp., Shigella sp., Staphylococcus aureus, Streptococcus pyogenes, Proteus, Pseudomonas, Leuconostoc, Lactobacillus sp., Micrococcus, Mycobacterium sp., Vibrio sp., Escherichia coli, Campylobacter sp., Bacillus cereus, and other related fecal coliform (bacteria). Aspergillus, Penicilium, Cladosporium, Alternaria, Mucor (fungi) and other examples (Baird-Parker, 1993). Food-producing animals carrying extended spectrum β-lactamase–producing E. coli (ESBL-EC) have posed a potential threat to human and animal health (Abubakar et al., 2016).
Extended Spectrum β-lactamase (ESBL) also known as Penicillinase were first described in 1980s and have been detected in Klebsiella spp. and later in Escherichia coli, Pseudomonas aeruginosa and Serratia marcescens and other Gram negative bacilli (Adenaike et al., 2013). They are enzymes conferring broad resistance to penicillins, aztreonam and cephalosporins (with the exception of cephamycins). These enzymes are able to hydrolyze 3rd and 4th generation cephalosporins and monobactams. They are an increasing important cause of transferable multidrug resistance in Gram negative bacteria throughout the world (Bali et al., 2010). 
One important feature of ESBL producing strains is resistance to multiple clinically important antibiotics (Shacheraghi et al., 2010). Due to their diversity, broad spectrum of activity and low toxicity, β-lactams Antibiotics are the most prescribed antibiotics worldwide (Pitout et al., 1997). All β-lactams have the β-lactam ring in common. Due to differences in their side chains, they may be classified into the following main groups: penicillins, cephalosporins, monobactams and carbapenems. β-lactams target the bacterial cell wall synthesis and act by binding covalently to penicillin binding proteins (PBPs) (Iren, 2014).
PBPs are bacterial enzymes involved in the synthesis and crosslinking of peptidoglycan, which is a major component of the bacterial cell wall. They are located in the inner cytoplasmic membrane or in the periplasmatic space of Gram-negative bacteria. When PBPs are inactivated by β-lactams, the peptidoglycan synthesis is inhibited and the bacterial growth is affected. Irregularities in the cell wall synthesis lead to loss of integrity and finally cell lysis (Tipper, 1985). 
The spread of genes coding for CTX-M-type extended-spectrum beta-lactamases (ESBLs) among Enterobacteriaceae has increased dramatically worldwide and is a major public health concern (Pitout et al., 2008). It is thought that more than one billion people are intestinally colonized with ESBL-producing Enterobacteriaceae (ESBL-E) and that major drivers of the dissemination of these strains are antibiotic use in humans and animals and dissemination of antibiotic residues and ESBL-E in the environment (Woerther et al., 2013). Patients with infections caused by ESBL-E are known to suffer from increased morbidity and mortality compared to patients with infections caused by non-ESBL-E (Rottier et al., 2012). Escherichia coli is the most common pathogenic bacterium among Enterobacteriaceae in human disease and causes serious and common infections such as septicemia and urinary tract infection (UTI) (Arne et al., 2017). E. coli is also the most commonly occurring ESBL producing pathogen and has the gastrointestinal tract as its primary habitat (Tenaillon et al., 2010). Secondary environmental habitats such as water and sediments are also known and the human oral cavity and oropharynx may also be considered important secondary habitats (Tenaillon et al., 2010).
The large increase in the worldwide prevalence of CTX-M-type ESBL-E has been driven by horizontally transmitted genes carried by promiscuous plasmids and successful bacterial clones, but much is still unclear about the transmission of Enterobacteriaceae between hosts (da Costa et al., 2013). The presence of ESBL genes in the oral cavity, either harbored in Enterobacteriaceae or in other oral bacteria, might act as reservoirs of ESBL which may be shed to the intestinal tract and externally as airborne particles or through direct contact. Thus, oral carriage might influence important epidemiological parameters of ESBLs like duration of carriage and mode of transfer. Transient or longer term carriage of Enterobacteriaceae in the oral cavity or oropharynx has been linked to hospitalized patients and patients with periodontal disease, but may also be present in healthy individuals (Arne et al., 2017).
The most clinically relevant Enterobacteriaceae may be divided into opportunistic pathogens, such as Citrobacter spp., Enterobacter spp. and Klebsiella spp. and overt pathogens, such as Shigella spp., Salmonella spp. and Yersinia spp. (Forbes et al., 2007). E. coli may be divided into commensal strains and pathogenic strains. K. pneumonia and E. coli are the most frequently observed Enterobacteriaceae in human clinical samples, and may cause common infections such as pneumonia, urinary tract infections (UTIs) and bloodstream infections (BSIs) (Abbot, 2011).
The preparation process of Suya is carried out under largely unhygienic conditions and therefore the risk of contamination is very high. The fact that there are sporadic cases of gastroenteritis and symptoms of food infection after it consumption indicates that the products are carriers of enteric organisms and therefore constitutes a food safety risk (Odusote and Akinyanju, 2003; Inyang et al., 2005). Some of these enteric organisms maybe ESBLs producers and when eaten may transfer the resistance to the normal flora of the gut of humans.

Justification of Research
Suya is a barbecued meat usually consumed half-cooked; hence the meat may serve as a carrier of enteric organisms (Odusote and Akinyanju, 2003; Inyang et al., 2005). It is probable that some of these enteric organisms may be ESBLs producers and the subsequent consumption of this group of organisms in contaminated foods may create a doorway for the transfer of such antibiotic resistance to the normal bacteria flora of humans.
Objectives 
The objectives of this research were to determine:

(i) The enteric bacteria associated with suya meat sold in and around Bowen University Campus Iwo, Nigeria.
(ii) The antibiotic and multi-antibiotic resistance profile of these isolated enteric bacteria.

(iii) The phenotypic and molecular incidence of ESBL producers among the isolated enteric bacteria.

(iv) The potential health risks of these enteric ESBL producers.
CHAPTER TWO
LITERATURE REVIEW

2. 0 
Enterobacteriaceae

Enterobacteria are a family of rod-shaped, aerobic, facultative anaerobic bacteria. This means that while these bacteria can survive in the presence of oxygen, they prefer to live in an anaerobic (oxygen-free) environment (Adenaike et al., 2013).

They are primarily known for their ability to cause intestinal upset. Enterobacteria are responsible for a variety of human illnesses, including urinary tract infections, wound infections, gastroenteritis, meningitis, septicemia, and pneumonia. Some are true intestinal pathogens; whereas others are merely opportunistic pests which attack weakened victims (Encyclopedia, 2003).

Most enterobacteria reside normally in the large intestine, but others are introduced in contaminated or improperly prepared foods or beverages. Several enterobacterial diseases are spread by fecal-oral transmission and are associated with poor hygienic conditions. Countries with poor water decontamination have more illness and death from enterobacterial infection. Harmless bacteria, though, can cause diarrhea in tourists who are not used to a geographically specific bacterial strain. Enterobacterial gastroenteritis can cause extensive fluid loss through vomiting and diarrhea, leading to dehydration (Encyclopedia, 2003).
Enterobacteria can cause disease by attacking their host in a number of ways. The most important factors are motility, colonization factors, endotoxin, and enterotoxin. Those enterobacteria that are motile have several flagella all around their perimeter (peritrichous). This allows them to move swiftly through their host fluid. Enterobacterial colonization factors are filamentous appendages, called fimbriae, which are shorter than flagella and bind tightly to the tissue under attack, thus keeping hold of its host. Endotoxins are the cell wall components, which trigger high fevers in infected individuals. Enterotoxins are bacterial toxins which act in the small intestines and lead to extreme water loss in vomiting and diarrhea (Encyclopedia, 2003).
2.1 
Enterobacteriaceae Genera
Presently, the bacterial family Enterobacteriaceae has 63 genera with validly published names including the recently described genus Chania (Ee et al., 2016) and an additional genus which has been recently described but the name is not yet validly published “ Atlantibacter” (Hata et al., 2016). Most genera within the order “Enterobacteriales”, encompassing over 250 species, are placed with the sole family with a validly published name within the order, Enterobacteriaceae; making the family Enterobacteriaceae one of the most taxonomically diverse bacterial families currently recognized (Parte, 2016).
They include Alterococcus, Arsenophonus,Biostraticola, Brenneria, Buchnera,Budvicia, Buttiauxella, Calymmatobacterium, Cedecea, Citrobacter, Cosenzaea, Cronobacter, Dickeya, Edwardsiella, Enterobacillus, Enterobacter, Erwinia, Escherichia, Ewingella, Franconibacter,  Gibbsiella, Hafnia, Izhakiela, Klebsiella, Kosakonia, Kluyvera, Leclercia, Lelliottia,Leminorella, Levinea, Lonsdalea, Mangrovibacter, Moellerella, Morganella, Obesumbacterium, Pantoea, Pectobacterium, Phaseolibacter, Photorhabdus,  Phytobacter, Plesiomonas, Pluralibacter,Pragia, Proteus, Providencia, Pseudocitrobacter, Rahnella,Raoultella, Rosenbergiella,Saccharobacter, Salmonella, Samsonia, Serratia, Shigella,Shimwellia, Sodalis, Tatumella, Thorsellia, Trabulsiella, Wigglesworthia, Xenorhabdus,Yersinia and Yokenella (Iversen et al., 2007; Hata et al., 2016; Parte, 2016). Among these 63 genera, 29 genera are known to be associated with infections in humans. The number of species per genera varies from 1 to 22, with Xenorhabdus having the largest amount of species (Auch et al., 2010).

Some of the genera in the family Enterobacteriaceae include;
2.1.1 
Escherichia coli
The genus Escherichia contains five species: Escherichia albertii, Escherichia coli, Escherichia fergusonii, Escherichia hermannii, and Escherichia vulneris. A former member of the genus Escherichia adecarboxylata has been assigned to a new genus as Leclercia adecarboxylata (Nimri, 2013).
Escherichia coli are a Gram-negative, facultatively anaerobic, rod-shaped, coliform bacterium of the genus Escherichia that is commonly found in the lower intestine of warm-blooded organisms (endotherms) (Tenaillon et al., 2010). Most E. coli strains are harmless, but some serotypes can cause serious food poisoning in their hosts, and are occasionally responsible for product recalls due to food contamination (CDC, 2012). The harmless strains are part of the normal flora of the gut, and can benefit their hosts by producing vitamin K2, and preventing colonization of the intestine with pathogenic bacteria, having a symbiotic relationship (Hudault et al., 2001). E. coli is expelled into the environment within fecal matter. The bacterium grows massively in fresh fecal matter under aerobic conditions for 3 days, but its numbers decline slowly afterwards (Russell and Jarvis, 2001).

Fecal–oral transmission is the major route through which pathogenic strains of E. coli causes disease. Cells are able to survive outside the body for a limited amount of time, which makes them potential indicator organisms to test environmental samples for fecal contamination (Thompson, 2007). Escherichia coli O157:H7 is an enterohaemorrhagic strain of the bacterium Escherichia coli and a cause of food borne illness.  Escherichia coli O157:H7 strains are responsible for disease in animals and man, and have emerged to be important zoonotic agents (Nataro & Kasper, 1998). While most strains of E. coli are harmless and normally found in the intestines of mammals, these strains may produce Shiga-like toxins, which cause severe illness, and are members of a class of pathogenic E. coli known as enterohaemorrhagic Escherichia coli or EHEC. They are also referred to by their toxin producing capabilities, verocytotoxin producing E. coli (VTEC) or Shiga-like toxin producing E. coli (STEC) (Paton and Paton, 1998).
Escherichia coli O157:H7 have been implicated in severe human diseases, including bloody diarrhoea (haemorrhagic colitis) and haemolytic uremic syndrome (HUS) (Coia 1998), which occasionally leads to kidney failure, especially in young children and elderly people. The growth of these strains in the human intestine is known to produce a large quantity of toxins, which can cause severe damage to the lining of the intestine and other organs of the body (Nataro et al., 1998). These toxins are similar to the toxins produced by Shigella dysenteriae (Paton and Paton, 1998).

The pathogenicity of E. coli O157:H7 is mainly mediated by genes which are located either on the chromosome or on the transmissible 60 MDa plasmid (Schmidt et al., 1995). The main virulence markers responsible for virulence of E. coli O157 are Shiga toxins Stx1 and Stx2 or Stx2 variants encoded by stx1 and stx2 genes respectively; and two factors are encoded by the pathogenicity island, LEE (locus of enterocyte effacement)—intimin (a product of the eaeA gene) and translocated intimin receptor (tir) (Paton & Paton, 1998). Moreover, the plasmid-encoded E. coli enterohaemolysin (Ehly), which has been found in many O157 strains, has been suspected to have a role in pathogenicity of the organisms (Beutin et al., 1995). Although Stx toxins are considered the major virulence factors, it appears that combination of those and other markers are required for full virulence of E. coli O157 (Coia, 1998). Cattle are the main reservoir of E. coli O157 strains which are transmitted to humans through foods contaminated with faecal material (Armstrong et al., 1996).
When cultured on Eosin Methylene Blue agar, E. coli shows a green metallic sheen after 24 hours of incubation.
2.1.2 
Enterobacter spp.
The Enterobacter genera include 14 species, the most implicated in pathology being Enterobacter cloacae, Enterobacter aerogenes, Enterobacter sakazakii, and Enterobacter gergoviae. Species as Enterobacter hormaechei, Enterobacter cancerogenus, Enterobacter asburiae and Enterobacter taylorare may lead to human infection but in much smaller proportion (Buiuc and Negut, 2009). Enterobacter species can be the etiological agent of respiratory tract infections, biliary tract infections, catheter infections and meningitis (Idomir et al., 2010). Species of Enterobacter are intrinsically resistant to aminopenicillins, cefazolin and cefoxitin due to the AmpC beta-lactamase production, typically encoded on the chromosome (Dima and Idomir, 2010).

When cultured on EMB agar, Enterobacter spp showed a precipitated pink colony.
2.1.3 
Klebsiella spp
Klebsiella was named after a German microbiologist Edwin Klebs, in the late 19th Century.  The bacillus, now known as Klebsiella, was also described by Carl Friedlander, and for many years the “Friedlander bascillus” was known as a cause of severe, often fatal pneumonia. Klebsiella species are usually identified and differentiated according to their biochemical reactions (Otman et al., 2007). The genus is defined as containing gram-negative, non-motile, usually encapsulated rod-shaped bacteria of the family Enterobacteriaceae, which produce lysine decarboxylase but not ornithine decarboxylase and are generally positive in the Voges-Proskauer test (Edwards, 1986). Whereas most Klebsiella species can be identified by standard microbiological laboratory tests, the species K. terrigena and K. planticola require special, non-conventional reactions (such as utilization of m-hydroxybenzoate or hydroxy-l-proline, pectate degradation, acid from melezitose, or growth at 10°C) (Podschun et al., 1998).
Bacteria belonging to the genus Klebsiella frequently cause human nosocomial infections. In particular, the medically most important Klebsiella species, Klebsiella pneumoniae, accounts for a significant proportion of hospital-acquired urinary tract infections, pneumonia, septicemias, and soft tissue infections (Podschun et al., 1998). The principal pathogenic reservoirs for transmission of Klebsiella are the gastrointestinal tract and the hands of hospital personnel. Because of their ability to spread rapidly in the hospital environment, these bacteria tend to cause nosocomial outbreaks. Hospital outbreaks of multidrug-resistant Klebsiella spp., especially those in neonatal wards, are often caused by new types of strains, the extended-spectrum-β-lactamase (ESBL) producers. The incidence of ESBL-producing strains among clinical Klebsiella isolates has been steadily increasing over the past years (Podschun et al., 1998).
2.2 
Biochemical characteristics

Biochemical characteristics used for the identification of Enterobacteriaceae include: negative indole-test, production of lysine decarboxylase (but not ornithine decarboxylase), fermentation of specific sugars (e.g. D-glucose, lactose, sucrose, Larabinose and maltose) and sugar-alcohols (e.g. D-mannitol) (Adenaike et al., 2013). Furthermore, Motility test was carried out, some are motile while some are non-motile and usually produce a prominent acidic polysaccharide based capsule (Iren, 2014). Biochemical characteristics are still being used for species identification of bacteria isolated from clinical samples. However, biochemical identification is increasingly performed by automated systems, such as Vitek2 (bioMèrieux, Marcy l’Etoile, France) or Phoenix (BD Diagnostics, Sparks, USA).

Moreover, new identification approaches, such as MALDI-TOF mass spectrometry, has been taken into use in many laboratories with great success (Iren, 2014).
2.3 Antibacterial agents

The antibacterial effect of penicillin was discovered by Alexander Fleming in 1928. Since the first antibacterial agents were taken into clinical use during the late 1930s and 40s, antibacterial chemotherapy has played a crucial role in the treatment of Infectious diseases. Today’s specialized modern medicine, like intensive care, cancer therapy and advanced surgery, rely on potent antibacterial agents (Iren, 2014).
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Fig 2.1 Historical timeline for the introduction of new antibiotic classes - white boxes and new groups of β-lactams - black boxes.

Source: Iren, 2014. 

In the 1940s to 1960s, several antibiotic classes with different modes of action were detected and developed for clinical use (Figure 2.1). However, after the introduction of trimethoprim in 1968, no new classes of antibiotics effective in the treatment of Gram-negative bacterial infections have been discovered. The 3rd generation cephalosporins and a unique class of β-lactams, the carbapenems, were introduced in the 1980s. Furthermore, a large number of broad-spectrum cephalosporins and quinolones were introduced in the years to come, but these were all chemical modifications of agents already in clinical use (Powers, 2004). 
The lack of new drugs effective in the treatment of Gram-negative bacterial infections to which Enterobacteriaceae belong, along with the emergence of antibacterial resistance has made Gram-negative pathogens become a serious threat for modern medicine.

Antibacterial agents differ in their mode of action, antimicrobial spectra, pharmacologic parameters (i.e. pharmacokinetics and -dynamics) and toxicity. Yao and Moellering (2011) affirmed that Antibacterial agents are frequently classified into five groups according to their mode of action and antibacterial target: 
(i) Inhibitors of the cell wall synthesis (e.g. β - lactams, glycopeptides),
(ii) Inhibitors of the DNA/RNA synthesis (e.g. quinolones, nitroimidazoles, rifampicin),
(iii) Inhibitors of the folic acid synthesis (e.g sulphonamides, trimethoprim), 

(iv) Inhibitors of the protein synthesis (e.g. aminoglycocides, macrolides, tetracyclines) and

(v) Inhibitors of the cytoplasmic membrane (e.g. polymyxins).

2.3.1 β-lactams

Beta-lactams antibiotics are the oldest and most broadly used class of antibiotics. They exert a bactericidal effect by inhibiting bacterial cell wall synthesis and are administered both orally and parenterally to treat a wide variety of bacterial infections. These antibiotics fall into three major structural categories; penicillins, cephalosporins and carbapenems. Resistance to these agents is mediated by β-lactamases which degrade them, and these enzymes play an important role in antibiotic-refractory Urinary Tract Infections (Hilbert, 2011).

All β-lactams have the β-lactam ring in common. But due to differences in their side chains, they may be classified into the following main groups: Penicillins, Cephalosporins, Monobactams and Carbapenems (Fig 2.2) (Yao and Moellering, 2011). They target the bacterial cell wall synthesis and act by binding covalently to penicillin binding proteins (PBPs). These PBPs are bacterial enzymes involved in the synthesis and cross linking of peptidoglycan, which is a major component of the bacterial cell wall. PBPs are located in the inner cytoplasmic membrane or in the periplasmatic space of Gram-negative bacteria. When PBPs are inactivated by β-lactams, the peptidoglycan synthesis is inhibited and the bacterial growth is affected. Irregularities in the cell wall synthesis lead to loss of integrity and finally cell lysis (Tipper, 1985). 
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  Fig 2.2 Main groups and sub-classes of β-lactam antibiotics in clinical use.
Source: Yao and Moellering, 2011.
2.4
 Antibiotic Resistance 

All Enterobacteriaceae are intrinsically resistant to penicillin G, glycopeptides, fusidic acid, macrolides (with some exceptions), lincosamides, streptogramins, daptomycin and linezolid (Leclercq et al., 2013). Biocides, including pesticides, preservatives for food, disinfectants and antiseptics, have been extensively used in agriculture, in food industry and in hospitals for decades. Bacterial tolerance to biocides has been observed, and concern has been raised on their impact on the selection of antimicrobial resistance (AMR) in human pathogens (Morrissey et al., 2014). Efflux pumps extruding both multiple biocides and antibiotics have been described in Enterobacteriaceae and other Gram-negative bacteria (Levy, 2000). The resistance mechanisms depend on specific pathways which are inhibited by the drugs and the alternative ways available for those pathways that the organisms can modify to get a way around it in order to survive (WHO, 2014). 
Resistance can be described in two ways:

i. Intrinsic resistance or natural resistance, which is due to the reorganization of the membrane and its permeability as a response to antibiotic pressure. It involves the decrease of the porin content and the expression of the efflux pumps (Pages et al. 2008; Delcour, 2009; Amara et al., 2011; Nikaido; Pages, 2012).

ii. Acquired resistance or active resistance against antibiotics due to microorganisms’ slow response that would involve genetic changes (Chopra et al., 2003).

2.4.1 Mechanisms of Resistance
Antibacterial resistance may be intrinsic (natural) or acquired as stated above. Intrinsic bacterial resistance to antibacterials produced by other bacteria or fungi, existed in the environment before antibacterial compounds were taken into clinical use. Bacteria, furthermore, have the remarkable ability of environmental adaptation by changing their genome through mutations or by horizontal gene transfer (HGT), or by differential gene expression (Harbottle et al., 2006). The extensive use of antibiotics in humans, but also in food animals and fish farming, has led to a selective pressure in several environmental niches promoting acquisition of resistance determinants. Resistance may be acquired in three ways: (i) mutations in chromosomal genes, causing altered antibacterial targets or transcriptional changes, e.g. mutation in chromosomal topoisomerase/gyrase genes leading to fluoroquinolone resistance (Martinez et al., 1998), (ii) acquisition of new genes by horizontal gene transfer (HGT), e.g. plasmid mediated acquisition of β-lactamase encoding genes (Jacoby and Sutton, 1991), or (iii) mutations in previously acquired genes, e.g. mutation in the β-lactamase genes blaTEM-1 and blaSHV-1, resulting in production of enzymes with a broader spectrum (Jacoby & Medeiros, 2001).

Four biochemical mechanisms of antibacterial resistance have been described by Stein (2005), which are;
(i) Inactivation or modification of antibiotics by antibiotic-modifying enzymes e.g. β-lactamases (Jacoby and Sutton, 1991) and aminoglycoside modifying enzymes (Azucena and Mobashery, 2001), 
(ii) Modification of the target molecule, e.g. modifications of PBPs in S. pneumoniae (Hakenbeck  and Coyette 1998) and Enterococcus faecium (Rice et al., 2001), 
(iii) Restricted access to the target of an antibiotic due to reduction of porins in the outer membrane of Gram-negative bacteria, and 
(iv) Efflux of one or more antibiotic groups from the bacterial cell due to efflux pumps in the cytoplasmic membrane. Bacteria may combine two or more of these mechanisms. Furthermore, in E. faecium a bypass mechanism has been described to cause glycopeptide resistance (Cremniter et al., 2006).
2.4.2 Mechanisms of to β-Lactam resistance

Resistance to β-Lactam may be PBP-mediated, or caused by production of β- lactamases. Porin loss or down-regulation may cause β -lactam resistance alone, or in combination with β -lactamase production (Iren, 2014). In Pseudomonas aeruginosa down regulation of the porin OMPD2 in combination with production of chromosomal AmpC β-lactamase may result in an imipenem resistant phenotype (Livermore, 1992). PBP-mediated resistance may be caused by acquisition of foreign PBPs, e.g. acquisition of the gene encoding PBP2a in methicillin resistant S. aureus (MRSA) (Chambers, 1997), or by modifications of PBPs, e.g. penicillin non-susceptible S. pneumoniae (PNSP) due to mosaic PBPs (Barcus et al., 1995).

β-lactamase production is the most common mechanism of β-lactam resistance in Gram-negative bacteria. β-lactamases are enzymes, which may inactivate β-lactam antibiotics by hydrolysing the amide bond of the β-lactam ring (Medeiros, 1984). β -lactamases may be classified based on their primary structure according to Ambler (1980), or due to their functional characteristics (i.e. the enzymes abilities to hydrolyse different β-lactam classes) according to Bush and Jacoby (2010). The serine β-lactamases (Ambler class A) share several highly conserved amino acid sequences with PBPs, from which they probably evolved (Medeiros, 1997). As for the β-lactam antibiotics, also the β-lactamases vary in their spectrum of activity depending on the structure of their side chains, and they may be subdivided into: (i) narrow-spectrum β-lactamases (penicillinases), (ii) broad-spectrum β-lactamases (ampicillinases), (iii) extended-spectrum β-lactamases (ESBLs), which may hydrolyse 3rd and 4th generation cephalosporins and monobactams, and (iv) carbapenemases, which may hydrolyse all β -lactams, including the carbapenems.
2.5 
Extended-spectrum β-lactamases (ESBLs)

2.5.1 ESBL-classifications and definitions

ESBLs may, like other β-lactamases, be classified based on their primary structure according to Ambler (1980), and their functional characteristics according to Jacoby and Sutton (1991). Due to these classification systems, a “classical ESBL” is a molecular class A and a functional class 2be enzyme, which hydrolyses extended spectrum cephalosporins and monobactams and is inhibited by clavulanic acid (Iren, 2014). 
These classification systems were convenient as long as the TEM- and SHV-derived ESBLs were dominating. However, due to the emergence of several new enzyme groups or families, including about 400 TEM- and SHV-ESBLs, 150 CTX-M- variants (Lahey, 2014), the plasmid-borne AmpCs and the diverse spectrum of carbapenamases, the scientific nomenclature has become too complex for daily clinical use. Also the ESBL-definition has been debated (Livermore, 2008). Giske et al. (2009) proposed to include plasmid-mediated AmpC, OXA-enzymes and carbapenamases in the ESBL-definition, and a simplified ESBL-classification was introduced. ESBLs were proposed and classified in to three main categories: ESBLA, ESBLM, and ESBLCARBA. The “classical ESBLs” were designated ESBLA in the novel classification. ESBLM was subdivided into MSBLM-C and ESBLM-D, whereas ESBLCARBA was subdivided into ESBLCARBA-A, ESBLCARBA-B and ESBLCARBA-D (Table 2.1). In contrast to former definitions, the novel ESBL definition include all acquired β-lactamases with hydrolytic activity against extended spectrum cephalosporins and/or carbapenems (Iren, 2014).
Table 2.1: The Extended-Spectrum β-Lactamase (ESBL) classification scheme. 
[image: image3.png]Table 2. The Extended-Spectrum B-Lactamase (ESBL) classification scheme of Giske ef al. (modified
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2.5.2 ESBL-detection
ESBLA-producing strains may exhibit reduced susceptibility to all cephalosporins and monobactams. However, the substrate profile differs among enzyme groups (e.g. in contrast to the SHV-ESBLs, CTX-M group 9 enzymes confer resistance to cefotaxime, but not to ceftazidime). Phenotypical tests, including the inhibitor clavulanic acid, are mainly used for the detection of ESBLA (Hansen et al., 2012). In recent years, more rapid methods, such as the ESBL NDP test, have become available for ESBL-detection (Nordmann et al., 2012). For epidemiological purposes, molecular detection may be added to determine the ESBLA-type (Naas et al., 2011). CTX-M, TEM and SHV are the ESBLA-enzymes most frequently detected, but other ESBLA-types have also been described (Naas et al., 2008). ESBLM-C-producing strains exhibit reduced susceptibility to 1st and 2nd generation cephalosporins and cephamycins (cefoxitin and cefotetan), and intermediate susceptibility or resistance to 3rd generation cephalosporins and monobactams. In contrast to ESBLA, ESBLM-C-enzymes do not confer resistance to 4th generation cephalosporins (e.g. cefepime and cefpirome). ESBLM-C may be detected by phenotypic tests including cloxacillin or boronic acid (Hansen et al., 2012). Molecular methods are needed for epidemiological purposes, but also to differentiate plasmid-mediated ESBLM-C-production from chromosomal AmpC-hyperproduction in E.coli (Perez-Perez and Hansen, 2002). Furthermore, derepressed chromosomal AmpC-production in some Enterobacteriaceae, such as Citrobacter freundii and Enterobacter spp., may cause reduced susceptibility to 3rd generation cephalosporins and should also be discriminated from ESBLM-C (Hansen et al., 2012). ESBLM-D can only be detected by molecular methods. ESBLCARBA-A-enzymes may confer reduced susceptibility to all β-lactam antibiotics. ESBLCARBA-B-producing bacteria may be non-susceptible to all β-lactam antibiotics, except monobactams. OXA-48, the most common ESBLCARBA-D-enzyme in Enterobacteriaceae (Poirel et al., 2012), causes reduced susceptibility to carbapenems, but does not confer resistance to 3rd and 4th generation cephalosporins, and may thus be difficult to detect. ESBLCARBA-A and ESBLCARBA-B-enzymes may be detected phenotypically by using the appropriate β-lactam/β-lactam-inhibitor combination. So far, there is no known inhibitor against ESBLCARBA-D enzymes, and their presence need to be confirmed by molecular tests. Of notice, OXA-48-producing strains are normally highly resistant to temocillin, which may be used as a diagnostic marker for this enzyme (Woodford et al., 2014). Detection and discrimination of ESBLCARBA-variants may be challenging. Thus, several phenotypic and molecular tests are available (Woodford et al., 2014). More recently, detection of carbapenamase production using MALDI-TOF MS has been proposed (Hoyos-Mallecot et al., 2014).
ESBLA and ESBLM-producing isolates are normally susceptible to carbapenems. However, the combination of ESBLA or ESBLM-production and porin loss, or increased efflux, may result in a carbapenem non-susceptible phenotype (Woodford et al., 2007), which should be discriminated from true ESBLCARBA. ESBLs, as defined by Giske et al. (2006) are encoded by acquired genetic elements, which frequently carry several resistance determinants, causing co-resistance to other important antibiotic groups in most ESBL-producing isolates. Thus, rapid ESBL detection and communication of results both to clinicians and infection control staff is of great importance (Iren, 2014).
2.6 
Spread of ESBLs

Antibiotic resistance genes may be located within the chromosome of a bacterium, or on mobile genetic elements (MGEs). Chromosomally located antibiotic resistance genes are mainly dispersed vertically to daughter cells through regular cell division (i.e. clonal spread). Resistance genes carried by MGEs may also be passed on horizontally (i.e. horizontal gene transfer) to more or less related bacteria (Heuer and Smalla, 2007).

ESBL-encoding genes are mostly carried by conjugative plasmids or transposons, and thus efficiently disseminated both by vertical and horizontal modes (Naseer and Sundsfjord, 2011).
2.6.1 
Clonal spread

Some bacterial clones are referred to as “successful clones” due to favourable phenotypic traits (e.g. virulence or antibiotic resistance), which enable them to disseminate and persist in different environments, and cause human infections and outbreaks. Successful clones carrying antibiotic resistance determinants play a major role in the spread of resistance (Woodford, 2008). Two examples are E. coli ST131 and K. pneumoniae ST258, which have contributed significantly to the worldwide spread of CTX-M-15 and KPC, respectively (Woodford et al., 2011).
2.6.2 
Horizontal gene transfer (HGT)

The transfer of foreign genes between organisms is referred to as horizontal gene transfer (HGT) (Heuer and Smalla, 2007). HGT most commonly take place between closely related organisms, but may also take place between different species, genera and kingdoms (for example between bacteria and plants). The association of HGT to the spread of antibiotic resistance among bacteria was recognized by Japanese investigators already in the late 1950s (Watanabe, 1963). There are three mechanisms of HGT: (i) transformation is the active uptake of free DNA from the environment by competent bacterial cells, (ii) transduction is an infection of bacteria by bacteriophages or bacterial viruses, who inject foreign DNA into a bacterial cell, and (iii) conjugation is the mechanism where a donor and a recipient cell physically connect to each other and share DNA carried by conjugative elements, such as plasmids and transposons (Heuer and Smalla, 2007). Foreign DNA captured by transformation, transduction or conjugation may be integrated into the bacterial chromosome, whereas plasmids normally exist as independent genetic entities in a bacterial cell (Heuer and Smalla, 2007).

2.6.3
 Mobile genetic elements (MGEs)

The mobilization, transfer and persistence of MGEs between and within bacterial genomes, play an essential role in adaptive bacterial processes and bacterial evolution (Heuer and Smalla, 2007). Processes facilitated by MGEs contribute to the intra-species variability and the distribution of genetic modules, encoding virulence or antibiotic resistance determinants, within bacterial communities. During transduction and conjugation, a multitude of different MGEs, such as bacteriophages, transposons, insertion sequence (IS) elements, integrons and plasmids, may be transferred between bacteria. The most simplistic transposon, an IS-element, consists of a transposase encoding gene surrounded by inverted repeated elements. A complex or composite transposon contains additional DNA, for example multiple antibiotic resistance genes flanked by two IS-elements. Transposases enable mobilization. Transposons may move within a genome, or between genomes, and cause high genome plasticity by homologous recombination events (Mahillon and Chandler, 1998). Integrons are genetic elements capable of capturing gene cassettes. Integrons are not mobile themselves, but may be incorporated into conjugative transposons. Super-integrons consisting of several gene cassettes and more than 60 different antibiotic resistance genes have been described (Rowe-Magnus and Mazel, 1999). Insertion sequence common regions (ISCR) move genes through rolling-circle transposition, and are considered to be highly mobile genetic vehicles. ESBL encoding genes are frequently integrated in transposons, integrons or ISCR elements, carried and disseminated by plasmids (Bennett, 2008).

2.6.4
 Plasmids

Plasmids are extra-chromosomal, self-replicating, double-stranded DNA elements, harboured by most bacterial cells. They are diverse in size, mode of replication, mode of transmission and host range. Whereas broad-host range plasmids may spread among and be maintained by a wide range of bacterial hosts, narrow-host range plasmids are only maintained by closely related bacterial hosts. The plasmid backbone harbours conserved core genes essential for replication, transfer and maintenance. The replicon is a highly conserved region, which encodes genes needed for plasmid replication initiation and control (i.e. copy number). A plasmid may have one single or several compatible replicons (Helinski, 2004). Plasmids may be conjugative, mobilizable or non-mobilizable. Conjugative, or self-transferable, plasmids carry a set of mobility genes and a membrane-associated mating pair formation, providing the mating channel. Some plasmids carry mobility genes, but use the mating channel of another plasmid, and are called mobilizable (Simillie et al., 2010). The plasmid core genome may also encode plasmid-partitioning and post-segregational killing systems, ensuring the maintenance of a plasmid in a bacterial population after cell division (Bahl et al., 2009). In their variable regions, plasmids frequently carry virulence and antibiotic resistance determinants. Thus, a plasmid may supply its host with favourable phenotypic traits, which may increase the survival of the host in a given environment (Actis et al., 1999).
CHAPTER THREE

MATERIALS AND METHODS

3.1
Materials

3.1.1
Glass wares and other materials

The glass wares used included Petri dishes, beakers, conical flasks, pipette, measuring cylinder, test tubes and McCartney bottles. Other materials used include EDTA bottles, Cotton wool, Aluminum foil, Ethanol, inoculating loop, spirit lamb, antibiotics sensitivity disc, vortex mixer, Electric cooker, magnetic stirrer, forceps, scissors, Swab sticks, Incubator, autoclave and microscope.
3.1.2
Media and Reagent

The media used for this study were Peptone broth, Nutrient Broth, Eosin Methylene Blue, red-Voges-Praskuer (MRVP) medium, Tryptone water, Simmon’s citrate medium, Nutrient and Mueller Hinton agar. 
While the reagents used include, Gram’s reagents, Kovac’s reagent, Phenol red, Methyl red, McFarland solution, Normal Saline, Barium sulphate and Hyrdrogen Peroxide.
3.2
Description of the Study area

The study was conducted in and around Bowen University, Iwo, Nigeria. Bowen University is a private Nigerian university of about 5000 students and it’s owned and operated by the Nigerian Baptist Convention. It is located at Iwo in Osun State, Nigeria, and is housed in the old 1,300-acre (6 km²) campus of the Baptist College, a teacher-training institution on a hill just outside the city. 

Iwo, the University host is a City in Osun State, Nigeria and it covers about 214 km2. While all labouratory analyses of sample were carried out in the Postgraduate Labouratory of the Microbiology department of the University. 
3.3
Sample Collection and preparation
Five samples of ‘Suya’ were purchased from five selling points outside the University premises while another five were purchased within the Campus premises of Bowen University, Iwo, Nigeria and were taken to the laboratory for analysis.
The Suya samples were labeled using the Student’s discretion and were transported to the Laboratory for analysis. 5g of each sample were cut using a sterile knife and weighed on the balance using a sterile aluminum foil. Each sample after weighing was respectively enriched in the accordingly labeled test tubes which already contain 5ml each of sterile Peptone water (Appendix I) and were thoroughly shaken using vortex mixer before incubating at 37oC for 18 hours.
3.4
Isolation of the target organism

200ml of EMB agar (Appendix II) was prepare by dissolving 7.5 g of EMB and 1g of Agar No 2 Bacteriological General Purpose media (Appendix III) in 200ml of distil water, the solution was then sterilized in autoclave. After cooling, the EMB agar was then poured in corresponding labelled Petri dishes and allowed to gel. 
Isolation of target organisms was carried out according to Adenaike et al. (2013). Upon cooling and gelling of the agar, a loopful of each enriched peptone solution culture was picked and then streaked on the corresponding Petri dishes and was then incubated again at 37oC for another 18 hours after which, the cultured plates were observed for growth. In all 10 petri dishes, three distinct types of colonies were observed. They are seen as green metallic sheen colonies, large mucoid precipitated pink colonies and light Pinkish colonies. Colonies with green metallic sheen were picked as presumptive E. coli, while the ones with large mucoid pink colonies and non-mucoid pinkish colonies with no metallic green sheen were picked as presumptive Klebsiella sp., and Enterobacter aerogenes, respectively. 

These presumptive isolates were further sub-cultured on EMB agar plates by streaking method and incubated at 37oC for another 18 hours. After incubation, the plates grew pure culture of each isolate in the ratio 4:11:5 with Escherichia sp as the least prevalent followed by Klebsiella sp.
3.5 
Identification of Isolates

Bacterial isolates obtained were identified using Gram staining, followed by standard biochemical tests.
3.5.1 
Gram staining 

The Gram’s staining technique as described by Leboffe (2014) was adopted. A drop of distilled water was placed in the middle of a clean grease- free slide. An inoculating loop was flamed and cooled. A loopful of the bacterial colony was emulsified in the drop of water and spread thinly on the slide. The smear was allowed to air-dry and was then heated fixed. The slide was allowed to cool before the staining the process began. 

The smear was flooded with crystal violet for 60 seconds. The dye was drained quickly and washed with water. The smear was stained with Gram’s iodine and left for 60 seconds. The iodine was drained off after the 60 seconds and the slide was washed gently under tap water. The slide was washed with 95% ethanol for 15 seconds and then rinsed off with water. The slide was flooded with safranin solution for 30 seconds. The stain was drained, the slide was washed and blot dry. The slide was then viewed under the microscope with an oil immersion lens; the Gram stain as well as the morphology of the viewed cells were recorded. Pink coloured cells were taken as Gram negative while when crystal violet, Gram positive.
3.5.2
Biochemical Test

The isolates were further subjected to routine IMVIC tests (Indole, Methyl red, Voges Proskaur and Citrate Utilization tests), Motility test and Sugar fermentation test.
3.5.2.1 Indole Test
Indole test was carried out according to Cheesbrough (2000). Sodium chloride (0.4g) and Peptone powder (2g) were measured into a beaker and 100ml of water added. These were mixed properly after which a syringe was used to measure 5ml of the mixture into 20 test tubes. The mouths of the test tubes were corked with cotton wool. The test tubes were then autoclaved at 121oC for 15 minutes.

 After 15 minutes, the test tubes were brought out from the autoclave and allowed to cool at room temperature. A colony of the organism was picked from 10 different plates containing the target organism and then the test tubes were labeled according to the different species. The test tubes were then incubated at 37oC for 3 days and then the readings were taken.

A dark-red colour appearance at the alcohol layer indicated a positive reaction. Meanwhile, an uninoculated indole medium served as control.
3.5.2.2 Methyl Red Test
Sterile test tubes each containing 10ml of Methyl red-Voges-Praskuer (MRVP) medium (Appendix IV) were prepared according to the manufacturers’ recommendation and were incubated for 48 hours at 37oC, following an aseptical inoculation with the bacterial culture. A test for acid production was done by adding 5 drops of methylene red solution to the test culture and the respective colour changes were observed immediately. A distinct red colour indicated a positive reaction while a yellow colouration indicated a negative reaction. An uninoculated methylene red medium served as control. This procedure was described by Ahmed et al. (2013).
3.5.2.3 Voges-Proskauer test
Sterile test tubes of Voges-Proskuer broth were prepared as described by Prasil (2014) and aseptically inoculated with the bacterial cultures which were subsequently incubated for 3 days at 37oC. To test for acetyl methyl carbinol, 2 drops of a 0.3% solution of alpha naphtol (Appendix V) and 5 ml of 40% KOH solution (Appendix VI) were added and gently shaken for 30 seconds. The appearance of pink to red colour indicated a positive result for presence of acetyl methyl carbinol, while yellow colour indicated a negative result. An uninoculated Voges-Proskauer medium served as control.
3.5.2.4 Citrate Utilization test
Citrate Utilization test as performed by Tankeshwar (2013) was employed. Simmons citrate (2.4g) was measured into a beaker, No 2 Bacteriological Agar and homogenese was also added to it and then 100ml of water was added after which it was mixed properly. A syringe was used to measure 5ml of the mixture in to 20 different test tubes and then the mouths of the test tubes were covered with cotton plugs. These were then autoclaved at 121oC for 15 minutes. 

After 15 minutes of autoclaving, the test tubes were brought out and allowed to cool at room temperature and then a portion of the colonies from 20 different plates were inoculated into the 20 different test tubes and then they were incubated at 37°C for 3 days and then the readings were taken.

During readings, the tubes were observed for the development of blue color; Change in colour of medium from green to bright blue indicated positive result (Alkalination) while in negative tests, the colour remains unchanged. An uninoculated citrate medium was used as a control.
3.5.2.5 Catalase Tests

This test shows the ability of these isolates to produce the enzyme catalase which breaks down Hydrogen peroxide H2O2 to oxygen and water. Twenty-four hours old cultures of each isolate were used.

Tankeshwar (2013) technique for catalase test was adopted. A drop of a 3% diluted Hydrogen peroxide (Appendix VII) was placed on a clean, grease-free slide after which it was mixed with each isolates. The production of bubbles indicate catalase positive while non-production of bubbles indicate catalase negative.   
3.5.2.6 Hydrogen Sulphide Tests

Hydrogen sulphide (H2S) production test is used for the detection of hydrogen sulphide (H2S) gas produced by an organism. It is used mainly to assist in the identification of members of family Enterobacteriaceae and occasionally to differentiate other bacteria such as Bacteroides spp and Brucella spp (Prasil, 2014).

Prasil’s procedure was used to detect the lead acetate paper test method used by Prasil (2014) was used to detect H2S production. Sterile peptone water was prepared in different test tubes and was inoculated with the corresponding test organisms as labeled. Following this, lead acetate paper strips were inserted in the neck of the tubes just above the medium, and stopper well. The inoculated media were then incubated at 37oC, and examined daily for a blackening of the lower part of the strip. Appearance of this black colour indicated a positive test while the non-appearance of this colour was a negative result.
 3.5.2.7 Oxidase test 
The oxidase test is a key test to differentiate between the families of Pseudomonadaceae (ox+) and Enterobacteriaceae (ox-), and is useful for speciation and identification of many other bacteria, those that have to use oxygen as the final electron acceptor in aerobic respiration. The enzyme cytochrome oxidase is involved with the reduction of oxygen at the end of the electron transport chain (Jackie, 2018).
The oxidase reagent contains a chromogenic reducing agent, a compound that changes color when it becomes oxidized, so it acts as an artificial electron acceptor for the enzyme oxidase. The oxidised reagent forms the colored compound indophenol blue.
The Jackie (2018) procedure for the performance of oxidase test was followed. A good-sized amount of each inoculum was aseptically picked and then placed on a piece of filter paper first.  Then a drop of the reagent is added. A positive reaction occur within 10-15 seconds, and was a bluish-purple color that progressively becomes more purple.
3.6
Sugar Fermentation Test   

Renuka et al. (2012) procedure for Sugar Fermentation Test was adopted. 100 ml of nutrient broth solution (Appendix VIII) was prepared in conical flask and 1 ml of phenol red was added to it. A durham tube was inverted into each labelled test tubes and the gas bubbles were removed, and thereafter plugged with cotton wool. This medium was autoclaved at 121⁰C for 15 minutes and cooled at room temperature. A syringe filter sterilized solution of 1% fermentable sugar (glucose, sucrose, maltose and lactose) was prepared based on manufacture’s specification and under aseptic conditions and was then added to the corresponding test tubes.

All test tubes were then kept at room temperature for 24 hours to check for contamination. After 24 hours, after which all the test tubes were inoculated with freshly grown bacteria culture and incubated at 37⁰C for another 48 hours.   

In case of homo-fermentation, there were production of acid with the change in color of the medium from red to yellow, and in hetero-fermentation there were gas produced in the durham tube alongside the change in color (Renuka et al., 2012).
3.7
Antimicrobial Sensitivity Test (AST)
3.7.1
Preparation of Inoculum for Disk Diffusion
A standardized inoculum density via using Barium sulphate turbidity standard equivalent to 0.5 MacFaland standard was prepared. A pure culture of each test organism from 24-hour old agar plate was selected and inoculated into sterile normal saline, mixed properly until the turbidity looks exactly like that of the MacFaland 0.5 standard, this process was carried out for every isolate using sterile water to dilute if turbidity becomes much.

3.7.2
Inoculation on Müller-Hinton agar
Müller-Hinton agar is a microbiological growth medium that is commonly used for antibiotic susceptibility testing (Wikipedia, 2018). Within 15 minutes of adjusting the turbidity to 0.5 MacFaland standard, a sterile swab was dipped inside the inoculum solution and was subsequently used to inoculate the dry surface on the Müller-Hinton agar. The spread plate method of inoculation was used so that the entire sterile agar surface was inoculated. The plates were left uncovered for between 5–15 minutes to allow excess surface moisture to be absorbed before application of antimicrobial sensitivity discs.

3.7.3
Application of antibiotics disc
A pair of sterile forceps was used to pick each multiple disc. The disc was placed on the agar surface. Each disc was pressed down gently with the sterile forceps to ensure complete contact with the agar surface. The plates were inverted and incubated at 37oC for 24 hours. The zones of complete inhibition were measured nearest whole millimeter using a ruler. Interpretation of the measured values were according to the Clinical and Laboratory Standard Institute (CLSI, 2018).
3.8
Detection of ESBLs producing Enterobacteriacae
Isolates found resistant to any of ceftriaxone and ceftazidime were considered as potential ESBL producers and were subsequently subjected to ESBL confirmatory test (Standards Unit Microbiology Services, 2016).
3.9
Detection of Multi-Antibiotics Resistance 
Organisms with resistance to four or more of the tested antibiotics were regarded as Multidrug Resistant.

3.9.1 
Multiple antibiotic resistance (MAR) index 

Multiple antibiotic resistance (MAR) index which is a measure of the extent of antimicrobial agent resistance for the isolates in the group was studied. It was calculated as “a/b” where “a” represents the number of antibiotics to which the isolates was resistant and “b” represents the total number of antibiotics to which the isolate was exposed (Apun et al., 2008). MAR index gives an indirect suggestion of the probable source of the organism (Olayinka and Agada, 2004).  The formula is as stated below; 
No of antibiotics to which isolate is resistant to  (a)                                   
Total number of antibiotics to which the isolate was exposed  to (b)              
3.10 
Double disc synergy test for Phenotypic Confirmation of ESBL
Livermore and Brown (2001) method for Double disc synergy test for Phenotypic Confirmation of ESBL was used. The organisms to be tested were spread on already prepared Mueller-Hilton Agar plates. Next, discs containing ceftriaxone 30μg and ceftazidime 30μg were applied to both side of the disc with Amoxycyllin/Clavulanate 30μg; and were placed 20mm away (centre to centre) from it. ESBL production is inferred if after 24-hours incubation, the zone of inhibition in between the disks is enhanced. This enhancement is due to the inhibition of the ESBL by Clavulanic acid (provided by the amoxicillin/clavulanic acid disk) and the subsequent action of the expanded-spectrum cephalosporin. This test is a reliable method for the phenotypic confirmation of ESBLs in the laboratory (Mark and Paul, 2003).
3.11 
Molecular characterization of ESBL-producing isolates by Multiplex
3.11.1 
Detection of ESBLA-encoding genes
Screening for the ESBLA-encoding genes blaSHV, blaTEM and blaCTX-M was performed by Multiplex PCR amplification. BlaCTX-M-15 was detected by using blaCTX-M-group1-specific primers (Eckert et al., 2004; Naseer et al., 2009) and subsequent DNA sequencing of the PCR products using the Solis Biodyne 5X FIREPol Master mix.
3.11.2
DNA extraction by boiling
Cells were harvested into 1000µL of sterile water and vortexed until they were completely dissolved. They were then centrifuged for 5 minutes at 10,000rpm. The supernatant was discarded and another 1000µl of sterile water was added respectively, to each sample. The samples were vortexed and centrifuged once again. 

The supernatant was decanted and 200µl of sterile water added again to each sample respectively. The mixture was vortex until thoroughly mixed, brought to boiling at 100°C for 10 minutes and cooled immediately on ice and vortex. The tubes were again centrifuged for another 5 minutes at 10,000rpm after which the supernatants were transferred into fresh Eppendorf tubes and the pellets were discarded.

The extracted DNA was stored at 4°C before use.
3.11.3
Multiplex PCR amplification and Gel electrophoresis
A multiplex PCR reaction was carried out using the Solis Biodyne 5X FIREPol Master mix. PCR was performed in 20 µl of a reaction mixture, and the reaction concentration was diluted from 5X concentration to 1X concentration containing 1X Blend Master mix buffer (Solis Biodyne), 2.0 mM MgCl2, 200µM of each deoxynucleoside triphosphates (dNTP) (Solis Biodyne), 20pMol of each primer (Jena, Germany), 2 unit of FIREPol DNA polymerase (Solis Biodyne), Proofreading Enzyme, 5µl of the extracted DNA, and sterile distilled water were used to make up the reaction mixture. 

Thermal cycling was conducted in an Pielter thermal cycler (MJ Research Series) for an initial denaturation of 95°C for 5 minutes followed by 35 amplification cycles of 30 seconds at 95°C; 1 minute at 58°C and 1 minute 30 Seconds at 72°C. This was followed by a final extension step of 10 minutes at 72°C. 
The amplification product was separated on a 1.5% agarose gel and electrophoresis carried out at (80V for 1 hour 30 minutes). After electrophoresis, DNA bands were visualized by adding ethidium bromide stain. 100bp DNA ladder was used as DNA molecular weight standard. The base pairs used for the detection of the different primers and sequences is shown in Table 3.1.
TABLE 3.1: Primers and sequences.

	S/N
	Primer Name
	Sequence (51-31)
	Annealing Temperature

oC
	Base pair (bp)

	1. 
	SHV-973F
	TCTCCTGTTACCCACCCTG
	58
	973

	2. 
	SHV-973R
	CCACTGCAGCAGCTGCMGTT
	
	

	3. 
	TEM 445-F
	TCGCCGCATACACTACTATTCTCAGAATGA
	58
	445

	4. 
	TEM 445-R
	ACGCTCACCGGCTCCAGATTTAT
	
	

	5. 
	CTX-593F
	ATGTGCAGYACCAGTAARGTRATGGC
	58
	593

	
	CTX-593R
	TGGGTRAARTARGTSACCAGAAYCAGCGG
	
	


Source: Abbas et al. 2015.
CHAPTER FOUR

RESULTS AND DISCUSSION
4.1 
Morphological Characteristics of the obtained Isolates
Table 4.1 shows the morphological characteristics of the isolates after plating on Eosine Methylene Blue (EMB) agar, some of the colonies show green metallic sheen, others showed large mucoid pink colonies and normal pink colonies with no metallic green sheen while some had more than one colonial characteristics growth in one plate, respectively. The one with more than one colonial characteristic were further sub-cultured and subsequently pure cultures with distinct colonies were then gotten after incubation, following all aseptic procedure.

A total of 20 Enterobacteriaceae isolates of the genera Escherichia, Klebsiella and Enterobacter were isolated from the different suya samples. 50% of the isolates were obtained from Suya vendors within the University campus, 25% was obtained from hawkers of Suya meat outside the Campus while the other 25% were obtained from three particular Suya spot still outside the Campus. 
The Suya vendors that their samples were purchased for use within the University Campus include; The ones at the front of Munchies Cafeteria which bear the code names IB 1, IB 2, IB 3, and IB 4, also the Ademola Ishola halls of residence code named IB 5, the Male Hostel suya spots which were subsequently code named IB 6, IB 7, IB 8, IB 9 and IB 10. While the ones purchased outside the Campus include; HMD hotel Iwo, Suya spot opposite the University Old gate OB 1, Suya Spot opposite Oke-Afo junction OB 2, OB 3, and from Suya hawkers OB 6, OB 7, OB 8, OB 9, and OB 10.
The isolates were gram stained and then viewed under the light microscope.  Identification of enterobacteria genera were based on Gram’s reaction, morphological and biochemical test results. 
Table 4.1: Morphological Characteristics of the isolates on culture media

S/No       Suya Spot          Codes for 
   Colonial 
         Colour on 

  


                   Isolates        Characteristics       EMB Agar

                       
1.      HMD
        OB 1
    ML, SS, C               MGS                  

     HMD
        OB 2
    Mucoid, SS             Pink                   

2.     Bowen Gate       OB 3
    ML, SS, C              MGS              
3.     Oke-Afo Spot     OB 4           Mucoid, SS             Pink                    


    Oke-Afo Spot     OB 5           Mucoid, SS             Pink                    
4.     Street Hawk 1     OB 6           Mucoid, SS            Pink                    

    Street Hawk 1     OB 7
      L, SS                    Pink                    

5.     Street Hawk 2     OB 8           Mucoid, SS            Pink                    

    Street Hawk 2    OB 9           Mucoid, SS             Pink                   

    Street Hawk 2     OB 10              L, SS                 Pink                     
6.     Munchies 1         IB 1            Mucoid, SS             Pink                      

7.     Munchies 2         IB 2            Mucoid, SS             Pink                     

    Munchies 2         IB 3              ML, SS, C             MGS                  
    Munchies 2         IB 4            Mucoid, SS             Pink                    
8.     Female NH
        IB 5
     Mucoid, SS           Pink                      
9.     Male Hostel 1      IB 6
         L, SS                 Pink                    


    Male Hostel 1      IB 7
         L, SS                 Pink                     

10.     Male Hostel 2      IB 8            Mucoid, SS            Pink                     

    Male Hostel 2      IB 9                   L, SS               Pink                     
    Male Hostel 2      IB 10             ML, SS, C           MGS                  
ML –    Moderately large, 
               L – large, 
SS – Smooth Surface, 
C – Convex 

MGS – Metallic green Sheen, 
IB – Inside Bowen University Campus

OB –    Outside Bowen University Campus
4.2 
Identification of bacterial Isolates
Table 4.2 shows the results of the various biochemical and sugar fermentation test of the isolates. The following biochemical tests were carried out on the isolates; Motility test, Indole test, Methly Red test, Vogues-Proskeuer Test, Citrate utilization test, Hydrogen Sulphide Test, Oxidase test and Catalase Test. While the following Sugar (Carbohdydrate) fermentation tests were carried out, Glucose, Lactose, Maltose and Sucrose.

Three enterobacteria genera were identified during the study. All isolates were Glucose fermenters, Gram negative, catalase positive, oxidase negative and Hydrogen Sulphide negative. Other biochemical tests such as methyl red test, indole production, motility, citrate utilization test, Sugar fermentation test, Voges-Proskauer results varied depending on the isolate involved. This was also corroborated by Monica  et al. (1999).
Isolates OB 1, OB 3, IB 3 and IB 10 were identified as Escherichia coli, while isolates OB 2, OB 4, OB 5, OB 6, OB 7, OB 8, OB 9, OB 10, IB 4, IB 5, IB 6, IB 7, IB 8 and IB 9 were identified as Enterobacter aerogenes. Furthermore, isolates OB 5, IB 1 and IB 2 were identified as Klebsiella spp.
Table 4.2: Biochemical and Sugar Fermentation Test results of the isolates
	S/no
	Isolates
	BIOCHEMICAL TESTS
	SUGAR TESTS
	PROBABLE ORGANISMS     
  

	
	
	Gram’s rxn
	Shape
	MT
	IND
	MR
	VP
	CT
	H2S
	OX
	CA
	G
	L
	M
	S
	

	1. 
	OB 1
	-
	Rod
	+
	+
	+
	-
	-
	-
	-
	+
	+
	+
	+
	+
	Escherichia coli

	2. 
	OB 2
	-
	Small Rod
	+
	-
	-
	+
	+
	-
	-
	+
	+
	+
	+
	+
	Enterobacter aerogene

	3. 
	OB 3
	-
	Rod
	-
	+
	+
	-
	-
	-
	-
	+
	+
	-
	-
	-
	Escherichia coli

	4. 
	OB 4 
	-
	Rod 
	+
	-
	-
	+
	+
	-
	-
	+
	+
	-
	-
	-
	Enterobacter aerogene

	5. 
	OB 5
	-
	Rod
	-
	+
	-
	-
	+
	-
	-
	+
	+
	-
	+
	+
	Klebsiella spp

	6. 
	OB 6         
	-
	Rod 
	+
	-
	-
	+
	+
	-
	-
	+
	+
	-
	-
	-
	Enterobacter aerogene

	7. 
	OB 7
	-
	Rod 
	+
	-
	-
	+
	+
	-
	-
	+
	+
	-
	-
	-
	Enterobacter aerogene

	8. 
	OB 8
	-
	Small Rod
	+
	-
	-
	+
	+
	-
	-
	+
	+
	+
	+
	+
	Enterobacter aerogene

	9. 
	OB 9 
	-
	Small Rod
	+
	-
	-
	+
	+
	-
	-
	+
	+
	+
	+
	+
	Enterobacter aerogene

	10. 
	OB 10
	-
	Small Rod
	+
	-
	-
	+
	+
	-
	-
	+
	+
	+
	+
	+
	Enterobacter aerogene

	11. 
	IB 1
	-
	Rod
	-
	+
	-
	-
	+
	-
	-
	+
	+
	-
	+
	+
	Klebsiella spp

	12. 
	IB 2
	-
	Rod
	-
	+
	-
	-
	+
	-
	-
	+
	+
	-
	+
	+
	Klebsiella spp

	13. 
	IB 3
	-
	Rod
	+
	+
	+
	-
	-
	-
	-
	+
	+
	+
	+
	+
	Escherichia coli

	14. 
	IB 4          
	-
	Rod 
	+
	-
	-
	+
	+
	-
	-
	+
	+
	-
	-
	-
	Enterobacter aerogene

	15. 
	IB 5
	-
	Small Rod
	+
	-
	-
	+
	+
	-
	-
	+
	+
	+
	+
	+
	Enterobacter aerogene

	16. 
	IB 6
	-
	Rod 
	+
	-
	-
	+
	+
	-
	-
	+
	+
	-
	-
	-
	Enterobacter aerogene

	17. 
	IB 7    
	-
	Rod 
	+
	-
	-
	+
	+
	-
	-
	+
	+
	-
	-
	-
	Enterobacter aerogene

	18. 
	IB 8          
	-
	Rod 
	+
	-
	-
	+
	+
	-
	-
	+
	+
	-
	-
	-
	Enterobacter aerogene

	19. 
	IB 9              
	-
	Rod 
	+
	-
	-
	+
	+
	-
	-
	+
	+
	-
	-
	-
	Enterobacter aerogene

	20. 
	IB 10
	-
	Rod
	+
	+
	+
	-
	-
	-
	-
	+
	+
	+
	+
	+
	Escherichia coli




4.3
Distribution of enterobacteria isolates from the different Suya sales point sampled.
Figure 4.1 shows the distribution of all enterobacteria isolates from the various Suya vendors both within and outside the Campus. Of all twenty isolates, Enterobacter aurogenes, (13) had the highest occurrence followed by Escherichia coli, (4) and Klebsiella sp. (3).
Detailed distribution of enterobacteria from Suya spot sold outside the Campus, from hawkers of Suya meat outside the Campus and Suya vendors within the University campus are shown in Table 4.3. Escherichia coli (2), Klebsiella sp (2) and Enterobacter aerogenes (6) were gotten from Suya spot sold inside the Campus, Enterobacter sp (5) were gotten from the Suya meat hawkers in the street while Escherichia sp (2), Klebsiella sp (1) and Enterobacter sp (3) were collected from Suya spot outside the Campus.
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Fig 4.1 Cumulative distribution of all Enterobacteria isolates from the various Suya spots
Table: 4.3 Distribution of the obtained enterobacteria isolates from the different Suya sales point sampled.
	
	
	Isolates

	S/No
	SUYA SPOT
	Escherichia coli
	Klebsiella sp
	Enterobacter aerogenes

	1. 
	Suya Spot inside Campus
	2
	2
	6

	2. 
	Suya Street Hawkers
	0
	0
	4

	3. 
	Suya Spot outside Campus
	2
	1
	3


4.4
Antibiotic sensitivity test
Table 4.4 shows the antibiotic sensitivity test results of the isolates after being tested for their sensitivity and resistance to the following antibiotics, Ceftazidime (30µg), Cefuroxime (30 µg), Gentamicin (10µg), Ceftriaxone (30µg), Erythromycin (5µg), Cloxyxillin (5µg), Ofloxacin (5µg) and Augmentin (30µg).  
Most of the isolates showed high resistance to cefuroxime, erythromycin, ceftriaxone and augumentin. Cefuroxime and Ceftriaxone both belongs to a class of β-lactam antibiotics called cephalosporin All twenty enterobacteria isolates were highly susceptible to gentamycin, a non β-lactam antibiotics belonging to the class aminoglycosides while 95% of the isolates were susceptible to ofloxacin. 

Resistance patterns varied according to the isolates. fourteen (70%) isolates were sensitive to ceftazidime, seven (35%) isolates were sensitive to cefuroxime, fifteen (75%) were sensitive to Ceftriaxone, only one (5%) isolate was sensitive to Erythromycin, three (15%) isolates were sensitive to Cloxyxillin, and two (10%) isolates were sensitive to augmentin.  Twelve isolates (60%) were resistant to either Cefuroxime, a 2nd generation antibiotics and to Ceftazidime and Ceftriaxone 3rd generation antibiotics which are all members of cephalosporin, a class of β-lactam antibiotics which is used to treat most bacterial infections and diseases (Pegler and Healy, 2007). This agrees with earlier studies which stated that treating infection caused by ESBL with cephalosporins often does not yield good therapeutic result and suggested that fluoroquinolones and aminoglycosides could be alternative choices (Iroha et al., 2008). 18 (90%) isolates were resistance to augmentin, which is combination of Amoxixillin-Clavulanate. Nine (45%) isolates were found to be multi-drug resistance, forming resistance to more than three antibiotics.

TABLE 4.4 Antibiotic sensitivity test results of the isolates

	No
	
	
	Antibiotics and Inhibitor zone (mm)

	
	Isolates
	Organism
	CAZ 

30µg
	CRX

30µg
	GEN 

10µg
	CTR

30µg
	ERY

5µg
	CXC

5µg
	OFL 

5µg
	AUG

30µg

	1
	OB 1
	Escherichia coli
	10
	8
	20
	23
	-
	-
	35
	-

	2
	OB 2
	Enterobactera aerogenes
	10
	6
	16
	20
	-
	-
	20
	8

	3
	OB 3
	Escherichia coli
	-
	-
	30
	40
	-
	-
	-
	-

	4
	OB 4
	Enterobacter aerogenes
	6
	-
	20
	30
	-
	20
	30
	-

	5
	OB 5
	Klebsiella sp
	-
	-
	20
	-
	-
	-
	25
	-

	6
	OB 6
	Enterobacter aerogenes
	6
	-
	20
	30
	-
	-
	35
	-

	7
	OB 7
	Enterobacter aerogenes
	-
	-
	20
	-
	-
	-
	30
	-

	8
	OB 8
	Enterobacter aerogenes
	-
	-
	20
	-
	-
	-
	25
	-

	9
	OB 9
	Enterobacter aerogenes
	10
	7
	20
	30
	-
	-
	30
	-

	10
	OB 0
	Enterobacter aerogenes
	6
	-
	20
	30
	7
	20
	40
	-

	11
	IB 1
	Klebsiella sp
	6
	-
	20
	30
	-
	-
	30
	-

	12
	IB 2
	Klebsiella sp
	-
	-
	20
	-
	-
	-
	30
	-

	13
	IB 3
	Escherichia coli
	15
	-
	20
	34
	-
	-
	25
	-

	14
	IB 4
	Enterobacter aerogenes
	10
	6
	20
	24
	-
	-
	25
	8

	15
	IB 5
	Enterobacter aerogenes
	-
	-
	20
	-
	-
	-
	30
	-

	16
	IB 6
	Enterobacter aerogenes
	6
	-
	20
	30
	-
	20
	30
	-

	17
	IB 7
	Enterobacter aerogenes
	14
	8
	20
	30
	-
	-
	25
	-

	18
	IB 8
	Enterobacter aerogenes
	10
	7
	20
	30
	-
	-
	30
	-

	19
	IB 9
	Enterobacter aerogenes
	6
	6
	20
	32
	-
	-
	25
	-

	20
	IB 0
	Escherichia coli
	10
	6
	20
	20
	-
	-
	30
	-


Key
Millimeter = mm, Ceftazidime (30µg) = CAZ, Cefuroxime (30 µg) = CRX, Gentamicin (10µg) = GEN, Ceftriaxone (30µg) = CTR, Erythromycin (5µg) = ERY, Cloxyxillin (5µg) = CXC, Ofloxacin (5µg) = OFL, Augmentin (30µg) = AUG
4.5
Sensitivity and Resistant patterns of all isolates to the various tested Antibiotics
Fig. 4.2 and Table 4.5 respectively shows the cumulative resistant and sensitivity patterns of the isolates. All isolates (100%) were sensitive to gentamycin. Of the 20 isolates, nineteen (95%) were sensitive to ofloxacin, fourteen (70%) isolates were sensitive to ceftazidime, seven (35%) isolates were sensitive to cefuroxime, fifteen (75%) were sensitive to Ceftriaxone, only one (5%) isolate was sensitive to Erythromycin, three (15%) isolates were sensitive to Cloxyxillin, and two (10%) isolates were sensitive to augmentin. 

Twelve isolates (60%) were resistant to either Cefuroxime, a 2nd generation antibiotics and to Ceftazidime and Ceftriaxone 3rd generation antibiotics which are all members of cephalosporin, a class of β-lactam antibiotics. 18 (90%) isolates were resistance to augmentin, belonging to the class penicillin, and a member of the β-lactam antibiotics. None of the isolate (0%) was resistance to gentamicin, a non β-lactam antibiotics belonging to the class aminoglycosides. 
Resistance patterns varied according to the isolates. fourteen  (70%) isolates were sensitive to ceftazidime, seven (35%) isolates were sensitive to cefuroxime, fifteen (75%) were sensitive to Ceftriaxone, only one (5%) isolate was sensitive to Erythromycin, three (15%) isolates were sensitive to Cloxyxillin, and two (10%) isolates were sensitive to augmentin.  Twelve isolates (60%) were resistance to either Cefuroxime, a 2nd generation antibiotics and to Ceftazidime and Ceftriaxone 3rd generation antibiotics which are all members of cephalosporin, a class of β-lactam antibiotics which is used to treat most bacterial infections and diseases (Pegler & Healy, 2007). This agrees with earlier studies which stated that treating infection caused by ESBL with cephalosporins often does not yield good therapeutic result and suggested that fluoroquinolones and aminoglycosides could be alternative choices (Iroha et al., 2008). 
18 (90%) isolates were resistance to augmentin, which is combination of Amoxixillin-Clavulanate. Nine (45%) isolates were found to be multi-antibiotics resistance, forming resistant to more than three antibiotics.

Figure 4.3 shows the resistance patterns of all the Enterobacter aerogene isolates from all the different suya spots. All Enterobacter aerogene isolates show 100% susceptibility to gentamicin and ofloxacin. The isolates show 93% resistance to Erythromycin, 85% resistance to augumetin, 77% resistance to cloxyxillin, 53% to cefuroxime and 23% resistance to both ceftazidime and ceftriaxone. 

Figure 4.4 shows the resistance patterns of all the Escherichia coli isolates from all the different suya spots. All Escherichia coli isolates show 100% susceptibility to gentamicin and ceftriaxone, 100% resistance to augumentin, erythromycin and cloxyxillin. The isolates also show 25% resistance to both ceftazidime and ofloxacin with 50% resistance to cefuroxime. 

Figure 4.5 shows the resistance patterns of all Klebsiella sp isolated from all the different suya spots. All Klebsiella sp isolates were resistance to augmentin, cloxyxillin, cefuroxime and Erythromycin. While all isolates was susceptible to Ofloxacin and Gentamycin.
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Fig 4.2 Cumulative Sensitivity and Resistant patterns of all isolates to the various tested Antibiotics
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Fig 4.3 Sensitivity and Resistant patterns of all Enterobacter aerogene isolates from all the different suya spots to various tested Antibiotics
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Fig 4.4 Sensitivity and Resistant patterns of all Escherichia coli isolates from all the different suya spots to various tested Antibiotics
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Fig 4.5 Sensitivity and Resistant patterns of all Klebsiella sp isolates from all the different suya spots to various tested Antibiotics

4.6
Multiple antibiotics resistance
Table 4.6 shows the isolates found to be multi-antibiotic resistance; they formed resistance to more than three antibiotics. Isolates in this category also had the highest frequency of phenotypic patterns of resistance to Ceftazidime, Cefuroxime, Erythromycin and Augmentin. 
Table 4.5: Isolates found to be multi-antibiotics resistance, forming resistance to more than three antibiotics.
	S/No
	Isolates
	Organisms
	Antibiotics Resistant to

	1. 
	OB 3
	Escherichia coli
	Ceftazidime, Cefuroxime, Erythromycin and Augmentin 

	2. 
	OB 5
	Klebsiella sp
	Ceftazidime, Cefuroxime, Ceftriaxone, Erythromycin, Cloxacyllin and Augmentin

	3. 
	OB 6
	Enterobacter aerogenes
	Cefuroxime, Erythromycin, Cloxacyllin and  Augmentin

	4. 
	OB 7
	Enterobacter aerogenes
	Ceftazidime, Cefuroxime, Ceftriaxone, Erythromycin, Cloxacyllin and Augmentin

	5. 
	OB 8
	Enterobacter aerogenes
	Ceftazidime, Cefuroxime, Ceftriaxone, Erythromycin, Cloxacyllin and Augmentin

	6. 
	IB 1
	Klebsiella sp
	Cefuroxime, Erythromycin, Cloxacyllin and Augmentin

	7. 
	IB 2
	Klebsiella sp
	Ceftazidime, Cefuroxime, Ceftriaxone, Erythromycin, Cloxacyllin and  Augmentin

	8. 
	1B 3
	Escherichia coli
	Cefuroxime, Erythromycin, Cloxacyllin and Augmentin


4.6
Multiple antibiotics resistance (MAR) index
Table 4.6 shows the Multiple antibiotics resistance (MAR) index of isolates found to be multi-antibiotic resistance. MAR index values greater than 0.2 indicates that the isolates were recovered from samples originating from high-risk sources (Apun et al., 2008). Most probably, there are no strict rules concerning antibiotic prescriptions and usage in such areas. 

Table 4.6: Multiple antibiotics resistance (MAR) index
	S/No
	Isolates
	Organisms
	MAR index

	1. 
	OB 3
	Escherichia coli
	0.5

	2. 
	OB 5
	Klebsiella sp
	0.75

	3. 
	OB 6
	Enterobacter aerogenes
	0.5

	4. 
	OB 7
	Enterobacter aerogenes
	0.75

	5. 
	OB 8
	Enterobacter aerogenes
	0.75

	6. 
	IB 1
	Klebsiella sp
	0.5

	7. 
	IB 2
	Klebsiella sp
	0.75

	8. 
	1B 3
	Escherichia coli
	0.5


See Appendix VII for details of the calculation
4.7 
Phenotypic detection of ESBL producers

After the Eight disc Antibiotic Sensitivity testing, organisms with diameters of zones of inhibition of <22mm and <25mm for ceftazidime and ceftriaxone, respectively were regarded as potential ESBLs producers (Adenaike et al., 2013). Six isolates had diameters of zones of inhibition of <22mm and <25mm for ceftazidime and ceftriaxone respectively. The six isolates were selected and a phenotypic confirmatory test was performed on them using amoxicillin-clavulanic acid (augmentin). Enhanced diameter of zone of inhibition with any of these agents in presence of amoxicillin-clavulanic acid confirms ESBLs production (Plate 3.1.).

Table 4.7 shows the Enterobacteriacea isolates that had diameters of zones of inhibition of <22mm and <25mm for ceftazidime and ceftriaxone, respectively. Out of 20 isolates, 6 (30%) were the potential ESBL producers. Of these six, only 1 was Escherichia coli., 3 were Enterobacter aerogene and 2 were Klebsiella sp. The potential ESBLs producers were further subjected to confirmatory tests for ESBL production.

This phenotypic confirmation of ESBL producers was done by double disc synergy test. Only isolate OB 1 showed enhanced diameter of zone of inhibition with any ceftazidime in presence of amoxicillin-clavulanic acid and therefore confirmed the presence of ESBL. While isolates OB 2; Enterobacter aerogenes, OB 5; Klebsiella sp, OB 8; Enterobacter aerogenes, IB 2; Klebsiella sp and IB 4 Enterobacter aerogenes were all resistant to beta lactamase inhibitor (Clavulanic acid) and therefore they were negative by confirmatory test. This could be due to presence of some derivatives of TEM and SHV, which are not inhibited by Clavulanic acid. These are known as inhibitor resistant TEM and AmpC Beta lactamases. Co-existence of these in ESBL producing strains may give false negative result (Jaishree et al., 2014). 

Table 4.7: Selected Enterobacteriacea isolates with diameters of zones of inhibition of <22mm and <25mm for ceftazidime and ceftriaxone, respectively.

	S/No
	Isolates
	Organisms
	Ceftazidime
	Ceftriaxone

	                                                                          diameters of zones of inhibition in (mm) 

	1. 
	OB 1
	Escherichia coli
	10
	23

	2. 
	OB 2
	Enterobacter aerogenes
	10
	20

	3. 
	OB5
	Klebsiella sp
	0
	0

	4. 
	OB 8
	Enterobacter aerogenes
	0
	0

	5. 
	IB 2
	Klebsiella sp 
	0
	0

	6. 
	IB 4
	Enterobacter aerogenes
	10
	23


4.8 
Molecular characterization of ESBLA-producing isolates for the detection of ESBL encoding genes
Plate 4.1 and Table 4.9 show the results of the molecular screening using Multiplex Polymerase Chain Reaction to test for the presence of ESBLA encoding genes in the isolates. Plate 4.1 shows the picture of the results of PCR amplification on gel electrophoresis for 10 enterobacteria isolates while Table 4.9 shows the presence of bands of polymorphism of the amplified genes in the isolates. The ESBLA encoding genes that were screened for include blaTEM, blaCTX-M and blaSHV. ESBL strains with blaTEM group were the most frequently identified subtype with 40% prevalence. The second most frequently isolated subtype was blaCTX-M group (15%). While blaSHV was not seen in any of the isolates. 

After the phenotypic confirmation of ESBL production in the isolates, 10 (50%) Enterobacteriacea isolates were further screened for the ESBLA-encoding genes blaSHV, blaTEM and blaCTX-M. This molecular screening was performed by Multiplex PCR amplification as previously described in section 3.10.3. 
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Plate 4.1. Agarose gel showing band polymorpism of multiplex PCR amplification for 10 enterobacteria isolates with blaTEM (445 bp), blaSHV (973 bp), and blaCTX-M (593 bp) at 58ºC annealing.

M=Ladder. -ve =Control, 1 = Escherichia coli; 2 = Enterobacter aerogenes; 3 = Klebsiella sp.; 4 = Enterobacter aerogenes; 5 = Klebsiella sp.; 6 = Enterobacter aerogenes; 7= Klebsiella sp.; 8 = Enterobacter aerogenes; 9 = Enterobacter aerogenes; 10 = Enterobacter aerogenes 

Table 4.8: Presence of bands of the amplified genes in the isolates.
	S/No
	Isolates
	SHV gene
	TEM gene
	CTX-M gene
	Organisms

	1. 
	OB 1
	-
	+
	-
	Escherichia coli

	2. 
	OB 2
	-
	+
	-
	Enterobacter aerogenes

	3. 
	OB 5
	-
	+
	+
	Klebsiella sp

	4. 
	OB 8
	-
	+
	+
	Enterobacter aerogenes

	5. 
	IB 2
	-
	+
	+
	Klebsiella sp 

	6. 
	IB 4
	-
	+
	-
	Enterobacter aerogenes

	7. 
	IB 1
	-
	+
	-
	Klebsiella sp

	8. 
	IB 5
	-
	-
	-
	Enterobacter aerogenes

	9. 
	1B 7
	-
	+
	-
	Enterobacter aerogenes

	10. 
	IB 8
	-
	-
	-
	Enterobacter aerogenes


Key
+ = presence of band; - = absence of band
The results of the screening and confirmation of Enterobacteriaceae isolates for phenotypic ESBL production shows that six isolates were positive for ESBL. While eight were confirmed as ESBL producers by molecular method using Multiplex Polymerase Chain Reaction. The majority of ESBL producers were found in Enterobacter aerogenes (50%) followed by Klebsiella sp (30%) and E. coli (10%).
ESBL strains with TEM group were the most frequently identified subtype (40%). The second most frequently isolated subtype was CTX-M group (15%). SHV was not seen in any of the isolates. 
The incidence of ESBL producing Enterobacteriaceae in the popular ready-to-eat “suya” may have occurred as a post processing contaminant due to the fact that “suya‟ is prepared and sold most times in the open, along the streets and since meat offers a rich medium for bacterial growth, the presence of Enterobacteriaceae is inevitable. The dissemination of Enterobacteriaceae in food production units may equally occur via faecal cross-contamination between groups of animals (or individuals), and the contamination of food derived from animals may occur during processing in the abattoir (Horton et al., 2011). Antimicrobial-resistant Enterobacteriaceae are frequently isolated from the commensal gut flora of food animals (Sharma et al., 2008). 
Antimicrobial resistant bacteria have been identified along production path of “suya‟. It has been confirmed that on-farm and slaughter cattle are important sources of antimicrobial resistant Enterobacteriaceae transmissible to humans through beef (Amosun et al., 2012). This could be as a result of large amount of antimicrobial drugs used in food production. The use of antibiotics in treatments or as food supplements for farm animals leaves behind drug-resistant microbes in milk, eggs and meat that could encourage the development of resistant traits and transfer to other bacteria, making consumers more vulnerable to the resistant varieties (Denwe, 2006). The problems of Multi-drug resistance (MDR) have been the driving force for the development of newer quinolones (Adebayo-Tayo et al., 2012). This agrees with earlier studies which stated that treating infection caused by ESBL with cephalosporins often does not yield good therapeutic result and suggested that fluoroquinolones and aminoglycosides could be alternative choices (Iroha et al., 2008). 

All the multidrug resistance strains had 100% resistance to Cefuroxime, Erythromycin and Augumetin. Cefuroxime is an enternal second-generation cephalosporin antibiotic that acts by inhibition of bacterial cell wall synthesis. Up to 90% of resistance in E.coli is due to the production of TEM-1 β-lactamase (Lim et al., 2009). This enzyme is able to hydrolyze penicillins and early cephalosporins such as cephalothin and cephaloridine. TEM-type β-lactamases are most often found in E. coli and K. pneumonia, also in other species of Gram-negative bacteria with increasing frequency (Bradford, 2001). Tetracycline resistance is already emerging in clinical isolates in our community (Hassan et al., 2011). Tetracyclines belong to a family of broad-spectrum antibiotics that include tetracycline, chlortetracycline, oxytetracycline, demeclocycline, methacycline, doxycycline, minocycline, and a number of other semi-synthetic derivatives. These antibiotics inhibit protein synthesis in Gram-positive and Gram-negative bacteria. Since their introduction in late 1950s, they have been widely used in clinical and veterinary medicine, as well as for prophylaxis and growth promotion in food animals. Resistance of this class of antibiotics is widespread because of the possible misuse and overuse of these drugs, limiting their utility in treating infections (Aminov et al., 2004).
CHAPTER FIVE
CONCLUSIONS AND RECOMMENDATIONS
5.1 
Conclusions
In conclusion, this study revealed the presence of extended spectrum beta-lactamases producer and multi-antibiotics resistant Enterobacteriacea in the widely acceptable and popularly consumed ready-to-eat processed meat “suya‟. Measures should be taken to increase the hygienic condition in the preparation of “suya‟. The organisms isolated from the ready-to-eat “Suya” are capable of endangering human lives in numbers that could likely cause severe health problems. The practice of preparation and distribution of suya in open places where there is no emphasis on hygiene standards leads to exaggerated increase in the proliferation of microorganisms especially where the suya sellers are themselves unhygienic. Proper hygiene in the process-line and the processing environment of suya is recommended to prevent the likely detrimental health implications to consumers.

Meat sellers and handlers should as often as possible be enlightened on proper animal husbanding, hygienic slaughter, proper meat transportation, sanitation of utensils and equipment, and proper storage of meat. This would help reduce the rate of infections from meat. Public enlightment campaign teams should be set up to educate people on the measures which antibiotic should be taken and the effect of adding antibiotics to animal feed as growth promoters should be looked into. Some bacteria isolated and identified in the “Suya” meat products are of public health importance thus their presence in such meat products continues to be considered as major causes of gastro-intestinal disorders, food poisoning and food borne diseases. 

5.2 
Recommendations 
1. National Agency for Food and Drugs Administration and Control NAFDAC should particularly regulate or set up a local body nationwide to monitor the production/processing, site of production (location), packaging of “Suya” and other meat products in order to reduce health hazard and guarantee good health for the nation. 

2. There is need for establishment of national legislation that would restrict sales of “Suya” and any other meat product in unhygenic locations to reduce the level of contamination of such meat products. 

3. Customers should insist on adequate reheating of the “Suya” and any other meat products before purchase to ensure destruction of vegetative cells. 

4. Proper meat inspection, screening and eradication of sick and unhealthy animals should be strictly adhered to hence abattoir construction and its operation should be able to limit or control excess contamination of raw meat. 

5. Customers should also insist on using sterile foil paper or polythene bags for packaging the “Suya” (roasted meat product) when purchased and retailers should avoid the use of cement paper and old news print that might have been heavily contaminated. 

6. Adequate measures and proper hygiene should be employed during the production of spice thus spice should be devoid of potential microbial contaminant. 

7. The need for periodic screening of producers and retailers for convalescent carriers of micro-organism cannot be over emphasized. 

8. The need to educate “Suya” producers or retailers on sanitation, personal hygiene and its relevance to food production may be inevitable. 

9. Public health education programme is of necessity to enlighten the general public about the health implication of consuming contaminated meat products.
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APPENDICES
APPENDIX I

PEPTONE WATER

0.75g of Peptone powder was dispensed into 50ml of distil water, the solution is mixed thoroughly until it forms a clear solution and thereafter was dispensed into 10 test tubes, each test-tube bearing 5mls, after this, the whole test tubes were sterilized in the autoclave at 121oC for 15miuntes
APPENDIX II
Eosin Methylene Blue (EMB) Agar
Eosin methylene blue (EMB) also known as "Levine's formulation" is a selective stain for gram negative bacteria (Levine, 1918). It contains dyes that are toxic to gram-positive bacteria. EMB is the selective and differential medium for coliforms. It is a blend of two stains, eosin and methylene blue in the ratio of 6:1. A common application of this stain is in the preparation of EMB agar, a differential microbiological medium, which slightly inhibits the growth of Gram-positive bacteria and provides a color indicator distinguishing between organisms that ferment lactose (e.g., E. coli) and those that do not (e.g., Salmonella, Shigella). Organisms that ferment lactose display "nucleated colonies"—colonies with dark centers.

This medium is important in medical laboratories by distinguishing pathogenic microbes in a short period of time.

Formulation                                                                        gm/litre

Balanced peptone No 1                                                          10.0

Lactose                                                                                 10.0

Dipotassium hydrogen phosphate                                    
       1.3

Eosine yellow                                                                        0.4

Methylene blue                                                                     0.065

Agar No 2                                                                             15.0

pH 







        6.8 ± 0.2

APPENDIX II

No 2 Bacteriological General Purpose media 
APPENDIX III
Tryptone water  

Code: CM0087

A liquid medium for the production of indole by microorganisms.
	Typical Formula* 
	gm/litre 

	Tryptone 
	10.0 

	Sodium chloride 
	5.0 

	pH 7.5 ± 0.2 @ 25°C
	


* Adjusted as required to meet performance standards

Directions
Dissolve 15g in 1 litre of distilled water and distribute into final containers. Sterilize by autoclaving at 121°C for 15 minutes.

Description
Tryptone Water is a good substrate for the production of indole because of its high content of tryptophan and it is more reliable than Peptone Water for this purpose. The ability of certain organisms to break down the amino-acid tryptophan with formation of indole is an important property which is used for the classification and identification of bacteria (Farmer, 1985).
APPENDIX IV

Kovacs reagent

Kovacs reagent is a biochemical reagent consisting of isoamyl alcohol, para-dimethylaminobenzaldehyde (DMAB), and concentrated hydrochloric acid. It is used for the diagnostical indole test, to determine the ability of the organism to split indole from the amino acid tryptophan. The indole produced yields a red complex with para-dimethylaminobenzaldehyde under the given conditions (Siegrist, 2012). This was invented by the Hungarian-Swiss Chemist, Ervin Kovats (Erwin Kovacs) (1927–2010).
	Formulation
	

	paradimethylaminobenzaldehyde 
	5 grams 

	amyl alcohol 
	75ml 

	concentrated hydrochloric acid 
	25ml 


APPENDIX V

MR-VP MEDIUM

Code: CM0043

A medium recommended for the Methyl-red and Voges-Proskauer tests for the differentiation of the coli-aerogenes group.

	Typical Formula* 
	gm/litre

	Peptone 
	7.0

	Glucose 
	5.0

	Phosphate buffer 
	5.0

	pH 6.9 ± 0.2
	


Directions
Add 17g to 1 litre of distilled water. Mix well, distribute into final containers and sterilize by autoclaving at 121°C for 15 minutes.

Description
This glucose-phosphate medium is recommended for the Methyl-red and Voges-Proskauer tests, for the differentiation of the coli-aerogenes group (DHSS Report, 1982). Smith (1895) noted the low acid production of Enterobacter aerogenes cultures as compared with those of Escherichia coli. Clark & Lubs (1915) employed methyl-red as a hydrogen-ion concentration indicator in order to differentiate glucose phosphate peptone water cultures of members of the coli-typhoid group. This test, now known as the Methyl-red test, distinguishes those organisms able to form large amounts of acid from glucose so that the pH falls below 4.4 and those organisms which cannot produce a low pH level.

The difference in pH value is visualized by adding methyl-red to the culture, (< pH 4.4 red: pH 5.0-5.8 orange: > pH 6.0 yellow).

Methyl-red reaction

	Colour 
	Organism

	Orange to red (MR positive)
	Escherichia coli, Citrobacter spp. and others

	Orange to yellow (MR negative)
	Enterobacter spp., Klebsiella pneumoniae and others


Voges & Proskauer (1898) described a red fluorescent coloration which appeared after the addition of potassium hydroxide to cultures of certain organisms in glucose medium. The coloration was shown to be due to the oxidation of the acetylmethyl- carbinol producing diacetyl which reacts with the peptone of the medium to give a red colour (Harden et al., 1911). Durham (1901) noted that Enterobacter aerogenes gave a positive reaction but that Escherichia coli produce no coloration, and it later became clear that there was a negative correlation between the Methyl-red and Voges-Proskauer tests for lactose-fermenting coliform organisms.

Voges-Proskauer reaction
	Red (Positive)
	Enterobacter spp. and others

	No colour (Negative)
	Escherichia coli and others


Technique
Inoculate a 10ml tube of MRVP Medium with two loopfuls of a pure, 4-6 hours old, Peptone Water CM0009 culture of the organism under test.
Incubate not less than 48 hours at 35°C for the MR test but more usually 3-5 days at 30°C. A heavy inoculum and 18-24 hours incubation at 35°C may give a rapid result. A rapid VP test may be carried out from a heavy inoculum and incubation in a water bath at 35°C for 4-5 hours. Some organisms (Hafnia alvei) require incubation at 25°C to give a positive VP test.

After incubation, test one portion of the broth with 5 drops of 0.4% w/v methyl-red solution and read the colour on the surface of the medium immediately.

The second portion of the broth is used for the VP reaction by one of the following methods:
1. Add 3ml of 5% w/v alcoholic a-naphthol solution and 3 ml of 40% w/v KOH solution (Barritt’s method).

2. Add a trace amount of creatine (2 drops of a 0.3% w/v solution) and 5ml of 40% KOH solution (O’Meara’s method). A bright pink or eosin red colour will appear after gentle shaking for 30 seconds. A pink colour is positive; no colour is negative. 
Storage conditions and Shelf life

Store the dehydrated medium at 10-30°C and use before the expiry date on the label.
Store the prepared medium at 2-6°C.

Appearance 
Dehydrated medium: Straw coloured, free-flowing powder 
Prepared medium: Straw coloured solution

Quality Control
	Positive controls: 
	Expected results 

	Positive MR:
	 

	Escherichia coli ATCC® 25922 
	Turbid growth; red methyl red

	Positive VP:
	 

	Enterobacter cloacae ATCC® 23355 
	Turbid growth; red Vogues-Proskauer

	Negative controls:
	 

	Negative MR:
	 

	Enterobacter cloacae ATCC® 23355 
	Turbid growth; no colour change (MR)

	Negative VP:
	 

	Escherichia coli ATCC® 25922 
	Turbid growth; no colour change (VP)


APPENDIX VI
ALPHA NAPHTOL
Naphthols are monohydric alcohols which are derived from naphthalene and this belongs to phenol family. So, only naphthol was used as matrix material for enormous application similar to phenol.

Generally, they are positioned isomers which are 1-naphtha and 2-naphthol from hydronaphthalene. 1- naphthol was made by heating naphthalene with sulphuric acid and caustic soda while 2-naphthol was formed from fusing process. Naphthols were slightly soluble in water but completely soluble with alcohols, ethers and caustic alkalis.
APPENDIX VII
MAR index calculation

No of antibiotics to which isolate is resistant to  (a)                                    4

total number of antibiotics to which the isolate was exposed (b)                8 = 0.5

 MAR index for Isolate OB 5

No of antibiotics to which isolate is resistant to  (a)                                    6
total number of antibiotics to which the isolate was exposed (b)                8 = 0.75

MAR index for Isolate OB 6

No of antibiotics to which isolate is resistant to  (a)                                    4

total number of antibiotics to which the isolate was exposed (b)                8 = 0.5

MAR index for Isolate OB 7

No of antibiotics to which isolate is resistant to  (a)                                    6
total number of antibiotics to which the isolate was exposed (b)                8 = 0.75

MAR index for Isolate OB 8

No of antibiotics to which isolate is resistant to  (a)                                    6
total number of antibiotics to which the isolate was exposed (b)                8 = 0.75

MAR index for Isolate IB 1

No of antibiotics to which isolate is resistant to  (a)                                    4

total number of antibiotics to which the isolate was exposed (b)                8 = 0.5

MAR index for Isolate IB 2

No of antibiotics to which isolate is resistant to  (a)                                    6
total number of antibiotics to which the isolate was exposed (b)                8 = 0.75
Keys:


MT=Motility, IND=Indole, MR=Methyl Red, VP=Vogues-Proskuer Test, CT=Citrate, H2S=Hydrogen Sulphide Test, OX=Oxidase, CA =Catalase Test , G= Glucose, L=Lactose, M=Maltose, S=Sucrose 








Biochemical Results


Positive = (+) and Negative = (-), 


Gram’s stained: Pink/Red (-) = Gram-negative, 


Acid production = +, Acid & Gas = g+, and Negative fermentable sugar = - (no color change nor gas production.)
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