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ABSTRACT
Salmonella enterica serotypes remain a major cause of gastroenteritis globally. Food animals are the main sources by which this pathogen is transmitted to humans. In this study Polymerase Chain Reaction (PCR) was used to detect tetC and blaCTX genes that confer tetracycline resistance and resistance to beta lactam antibiotics respectively in Salmonella serovars isolated from food animals (cow, sheep & chicken) and humans. Fifteen (93.75%) of the 16 Salmonella isolates that were investigated were positive for tetC gene. While blaCTX gene was not detected in any of the isolates. Findings from this study indicates the high carriage of tetC gene in Salmonella isolates of food animals and human origin in Lagos
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1.0 CHAPTER ONE
1.1 Introduction 
Food is very essential for our growth and development. According to the reports of Center for Disease Control (CDC) in (2010), fresh fruits and vegetables are essential ingredients of most healthy diet, and the demand for vegetable has risen in recent years due to healthy lifestyle. Meat got from poultry are good sources of protein, their eggs are important food products. Having a poultry farm is a very lucrative business and also an economic important component of the agro industry. Beyond being a source of nutrient to man, food products serve as vehicles for the dissemination of pathogens to humans and animals (insert reference here). The ubiquitous nature of microorganisms allows them to inhabit almost all environments. Salmonella has been reported to be among the leading causes of infections from contaminated food in both humans and animals. It is the most important food borne pathogens all around the world (Ruban et al . 2010). It has been reported that poultry meat is one of the principal food borne sources of Salmonella (Shanmugasamy et al., 2011). Researchers have isolated Salmonella spp. from different sources including faecal samples of human, animals (such as cattle, goat, sheep, birds, etc.), poultry carcasses, sewage/sludge from waste water treatment plants, fresh-cut meat, fresh-cut vegetables, egg shells to mention but a few (Ruban et al ., 2010; Al- abadi et al ., 2011, Menghistu et al ., 2011; Akbar mehr, 2011; Krzyzanowski et al ., 2014; Loongyai et al ., 2010). A lot of consumers today are concerned about the risks associated with the consumption of fresh-cut produce due to contamination with Salmonella spp, Escherichia coli and other enteric pathogens (Scallan et al ., 2011). As opined by Brand TM, there has been a world-wide increase in the number of outbreaks involving Salmonella spp., related to the consumption of fresh-cut vegetables, and fresh-cut produce industry. Salmonellae are gram negative, non-lactose fermenting and non-sporing bacteria. They are members of the family Enterobacteriaceae. All Salmonella are actively motile, except Salmonella Pullorum and Salmonella Gallinarum. They are leading food borne pathogens globally, (Hurley et al., 2012). These microorganisms possess plasmids which confer resistance to certain antibiotics. They have been reported to possess antibiotic resistance and virulence genes including spvC, blaTEM, tetA, blaCTX , tetC, invA, sseL, hilA genes etc, (El Sharkawyel et al ., 2013; Shanmugasamy et al ., 2011; Aneje Okopi et al ., 2016; Somda et al ., 2018).
Salmonella has the capability to remain in poultry environment between flocks. They are usually introduced by poultry feeds which is a leading source. Also, it has been observed that Salmonella can continue to multiply in the soil and survive for more than two years without dying after being introduced into the soil. No wonder they have been found in sewage samples from waste water treatment plants (Krzyzanowski et al., 2014). The use of PCR for the detection of Salmonella spp. as pathogenic indicator has been widely used in composted biosolids (Sunarm et al., 2010). There have been numerous methodologies employed for the detection and quantification of Salmonella including cultural and molecular based and some have proven to be more effective (Jarquin et al., 2009; Aneje Okopi et al., 2016). Polymerase Chain Reaction (PCR) which is an indispensable tool in molecular biology has been the most successful technique used for analysis on Salmonella in areas for which conventional microbiological techniques do not exist, are too slow or are too expensive. It is not only important to detect Salmonella strains in samples during the diagnosis of salmonellosis, but also identify the carrier of these organisms among those handling foods. Persistent and prolonged shedding of the pathogen in stool is common among asymptomatic carries which drives wide spread transmission. The benefits derived from using the PCR techniques for the detection of nucleic acids cannot be over emphasized. This technique is the best known and most successful, for that purpose till date (Smith et al., 2015). Using ordinary PCR for DNA in vitro multiplication of nucleic acid isolated from Salmonella is not enough to accurately analyze and characterize Salmonella spp. On this note, the blaTEM, blaCTX and tetC come to play. These are antibiotic resistance genes which have economic and public health implications (Ammar et al., 2016; Rodriguez et al., 2012). Also, the invA gene, a virulence gene is widely used as a target for the detection of Salmonella. It encodes an integral component of the invasion associated protein secretion apparatus which is used for the invasion of epithelial cells of the host. Antimicrobial resistance is becoming problematic globally, posing serious threat to public health. Salmonella enterica is one of the most important bacteria that is responsible for resistance problems. They have been reported to harbour the Extended Spectrum beta- lactamase (ESBL) genes. These enzymes allow strains of S. enterica to become resistant to a wide range of antibiotics especially cephalosporin and penicillin. These are as a result of the ESBL encoding genes such as blaCTX, blaTEM, blasHV, etc (Gundran et al ., 2019). The importance of tetC, blaCTX and blaTEM genes cannot be overemphasized.  Employing resistance gene specific primers in PCR for the detection of these genes in Salmonella, is a reliable molecular technique which will not only save labour hours from the conventional method, but also give accurate results (Smith et al ., 2015). This project seeks to detect blaCTX and tetC gene in Salmonella enterica isolates.
1.2 Aims and Objectives of the Study
The aims of the study is to detect blaCTX and tetC gene in Salmonella enterica isolates.
1.2.1 The specific objectives of the study
1. To extract genomic DNA from isolates
2. To carry out PCR targeting blaCTX and tetC genes using specific primer.














 CHAPTER TWO
2.0 LITERATURE REVIEW
2.1 Salmonella
 Salmonella are microorganisms that are of great concern to the whole world, because of their ability to cause infections. Salmonella are members of the family Enterobacteriaceae. They are Gram negative, flagellated, non- lactose fermenting, facultively anaerobic, non-sporing rod shaped organisms which are the leading causes of a large number of cases of food borne illness globally. According to the review conducted by Eng et al . (2015), Salmonella tops the list of food borne pathogens of global public health concern, with about 93.8 million food borne illnesses and over 135,000 deaths per year. As opined by Andino, the DNA genomes of Salmonella are circular in nature. The Genome sizes of Salmonella are within the range of 4460 to 4857 kilobase, with a mean length of approximately 4530 kilobase, and they vary within serovars. Salmonella are medically important pathogens for both animals and human. The genetic variants detected in Salmonella are the pathogenic and non- pathogenic strains. The pathogenic strains are lethal in nature, which makes more and more researchers to be concerned about them. In the genus Salmonella, about 2600 serotypes have been identified (Malong et al ., 2011). An important factor which influences the virulence of Salmonella is a term called Invasion. The invasive characteristics is determined by a large association of genes found in Salmonella pathogenicity island 1 (SPII). The invasiveness birthed the invade genes, hilA, which is a positive translational regulator of several invasion genes, sirA and invA genes etc (Mamman et al ., 2014, Ammar et al ., 2016). In terms of motility, all Salmonella are actively motile, except Salmonella Pullorum and Salmonella Gallinarum. Motility in Salmonella is made possible by the peritrichous flagella (Andino et al ., 2014). There are some strains of Salmonella that have the structural gene flic which encodes flagellin. These enables motility in Salmonella. Non motility in Salmonella is generally characterized by the inability of the strains to build up a functional flagellum, despite the possession of the gene flic ( Paiva et al ., 2009).
2.2 Nomenclature and Classification of Salmonella
History has it that Salmonella was discovered by Theobald Smith in the year 1855 from the intestine of infected pigs. At that time, the pigs were infected with classical swine fever. An American pathologist who worked with Smith named Dr. Daniel Elmer Salmon, named the bacteria we know today as Salmonella (Eng et al ., 2015). Salmonella is classified according to the nomenclatural system adopted by the Centre for Disease Control and Disease (CDC) which was recommended by World Health Organization (WHO). On the basis of their differences in the 16SrRNA (16S ribosomal RNA) sequence analysis, the genus Salmonella can be classified into two species which are Salmonella enterica and Salmonella bongori. Salmonella can also be classified by Serotype based on three major antigenic determinants, and they are flagellar (H), somatic (O) and capsular (K). This method of classification was developed by Kauffman and White (Brenner et al ., 2000; Guiney et al ., 2011).
 Classification of Salmonella
Salmonella can be classified as follows:
	Domain - Bacteria
	Phylum -  Proteobacteria
	Class -    Gamma proteobacteria Gamma
	Order -      Enterobacterales
	Family -    Enterobacteriaceae
	Genus -    Salmonella
	Species - Salmonella enterica and Salmonella bongori
2.3 Salmonella enterica  
Salmonella enterica is one of the species Salmonella, other than Salmonella bongori. As opined by Guibourdenche et al ., (201 0), over 2500 serotypes of Salmonella have been identified and a large number of them belong to Salmonella enterica. Also, S. enterica subsp. enterica account for the majority of Salmonella infections, the reason why it is a major global public concern. Salmonella enterica accounts for about 93.8 million food borne illness and over 155,000 deaths every year (CDC 2013). It is the leading cause of hospitalization and deaths from food borne disease. It is no longer news that over 2500 Salmonella serotypes have been identified and more than half belong to Salmonella enterica, and subsp. enterica accounts for the majority of Salmonella infections in humans. The subsp. enterica is associated with food-borne illnesses linked to consumption of contaminated fresh cut vegetables, dairy products and other food from animal origin. Also, S. enterica subsp. enterica has been reported to infect homoiotherms such as humans and mammals, while other subspecies infect cold blooded animals including reptiles. On the basis of their genomic relatedness and biochemical properties, Salmonella enterica can be further classified into six species and they are as follows:
	Salmonella enterica subsp. enterica; I
	Salmonella enterica subsp. salamae; II
	Salmonella enterica subsp. arizonae; III
	Salmonella enterica subsp. diarizonae; IIIb
	Salmonella enterica subsp. houtenae; IV
	Salmonella enterica subsp. indica.
Examples of Salmonella enterica subsp enterica I can be typhoidal and non typhoidal form. Examples of the typhoidal Salmonella are S. Typhi and Paratyphi while that of NTS (Non typhoidal Salmonella) are S. Typhimurium and Enteritidis. The serovars can cause infections in both of humans and animals and they are in the form of typhoid and Paratyphoid fevers (S. Typhi and Paratyphi) in humans and gastroenteritis and extra intestinal (S. Typhimurium and Enteritidis) in both humans and animals (Scallan et al ., 2011). S. Typhi infects humans and other higher primates, while Typhimurium infects a wide range of hosts such as rodents, cattles and mammals.  Salmonella enterica is not known to survive in water. However, it is transferred into the environment from faeces released by humans and animals that have taken contaminated water. S.typhi and S. enterica sv Paratyphi are transmitted via contaminated drinking water into the body where they cause typhoid fevers in human. They infect and cause harm to the organs of human other than the gastro-intestinal tract. Serovars of Salmonella enterica are specific to a particular host and their ability to cause disease too is dependent on the host. Salmonella enterica has about one-quarter of its genome to be acquired horizontal which makes it a successful pathogen when compared with E. coli. Furthermore, the presence of virulence genes have been reported in S. enterica which provides the basis of their pathogenicity. S. enterica possesses plasmids which are extra chromosomal genes. These plasmids harbour infections as a result of the virulence genes encoded in them (Garai et al ., 2012).
2.4 Salmonella Enterica:Epidemiology
Salmonella enterica subsp enterica I provides a large number of serovars which have been reported to be responsible for infections in both human and animals. This poses a great threat to public health globally. More and more cases of multidrug resistant (MDR) Salmonella serotypes have been reported by the Centre for Disease Control (CDC), National Antimicrobial Resistance Monitor, making S. enterica life threatening. It is pertinent to note that S. enterica affects both the old and young. Ashild et al ., (2018) carried out a research and it was concluded that Salmonella enterica was the cause of the deadly epidemic called cocoliztli which ravaged New Spain, a long time ago. Epidemiologist have made it clear to us that strains of multidrug resistant Salmonella serotypes are more virulent than susceptible strains. There have been severe cases of more prolonged diseases in patients infected by the multidrug resistant strains of Salmonella enterica (Eng et al ., 2015). Gastroenteritis has been reported to be the major manifestation of Salmonella infection world-wide. Next to it is bacteremia and enteric fever (Majowicz et al ., 2010). Basically, salmonellosis is caused by consumption of food infected with Salmonella enterica. These infections are transferred from infected poultry, cattle, vegetables and other fleshly cut produce. It is quite interesting that eggs of poultry birds harbour Salmonella enterica, these are enough reasons to cook our food properly. More than 70 percent of human salmonellosis has been attributed to the consumption of contaminated chicken, pigs, egg or even turkey. In a review conducted from 1998 to 2009 by the Centre for Disease Control (CDC) in 2013, it was gathered that approximately 145 outbreaks of Salmonella have been associated with poultry. In fact poultry has been considered to be the reservoir of Salmonella. Also, it has reported that Salmonella enterica are found in the GIT of humans and animals, amphibians and reptiles. 
2.5 Salmonella enterica: Clinical manifestation and pathogenesis
It has been reported that Salmonella infections can be life threatening. The infections are more severe in the elderly ones, infants and patients with weak immune system than those with sound system. Also, the severity of this disease is dependent on the serotype involved. Almost all strains of Salmonella are pathogenic. They are able to enter, divide and survive in host cells, causing fatal disease. They enter the digestive tract via contaminated food or water and then invade the epithelial cells as well as the walls of the intestine. Salmonellosis in human body also leads to other illness such as spondylitis. Clinical manifestations of S. enterica are in form of gastrointestinal tract infection, enteric fever, bacteremia, chronic reservoir state and local infections such as infection of the central nervous system (CNS), arthritis, urinary tract infection (UTI), bones and tissue infections (Choi et al ., 2010). It has been gathered that non typhoidal serotypes of Salmonella can be transferred from animals and human and vice versa. They cause diseases which require antibiotic therapy as a method of treatment. Virulence factor and secreted proteins in Salmonella enterica provides the basis for its pathogenesis (Hensel. 2009).
2.6 Ecology of Salmonella 
Salmonella enterica have been isolated from different sources. They have been reported to be found in different niches and environment at large. Several investigations have proven that Salmonella infections in organic pig farms are able to persist in the herd environments for several months and even years. In a research work conducted by Jensen et al ., (2006) investigated the persistence of Salmonella enterica in paddock environment and to also check the influence of the organism's infection in pigs, it was concluded that organic pigs were susceptible to Salmonella infections, as some were isolated from the soils and water samples in the area. As opined by Hoelzer et al . (2011), niches of Salmonella serovars have been identified as intestinal tracts of both farm animals and humans, intestinal tracts of reptiles, wild birds, insects, beddings, litters, soils, faecal samples and so on.
2.7 Biochemical properties of Salmonella enterica
Based on the biochemical tests carried out by researchers, different biochemical properties of Salmonella enterica have been obtained (Andino et al ., 2014). Salmonella enterica have the capability to ferment lactose, produce hydrogen sulphide and hydrolyse urea. Moreso, they are oxidase negative, catalase positive and have the ability to utilize citrate, decarboxylate and lysine as their sole source of carbon (Abulreesh, 2012).


2.8 Antibiotic Resistance Genes in Salmonella enterica.
Microbial resistance through Extended Spectrum beta-Lactamase (ESBL) has been recognized currently, and had become problematic globally. History has it that microorganisms began to develop resistance to beta- lactam antibiotics in the early years of penicillin discovery. As at then E. coli hydrolyzed penicillin, making it the first bacteria to possess the enzyme beta-lactamase. Salmonella enterica have been regarded as bacteria responsible for most important infections such as gastroenteritis, typhoid, fever and septicemia in both human and animals. These bacteria have been reported to be resistant to certain effective antibiotics. One of these antibiotics is tetracycline which is among the most consumable antibiotics in both medicine and treatment of animal infections (Khoshbakht et al ., 2018). In their review,  S. enterica serovars were reported to harbour tet genes, which are determinants of tetracycline resistance. Examples of the tet genes are tetA, tetB, tetC, tetD and tetG. 
2.9 Molecular characterization of virulence genes of S. enterica by PCR
A lot of researchers have carried out different study to know what Salmonella enterica entails at the molecular level. PCR has been used to characterize isolates of Salmonella Typhi and Paratyphi obtained from lettuce samples (Somda et al ., 2018). In their review, it was observed that strains of Salmonella enterica haboured resistance genes such as, invA, misL, spVR, pip D and so on. In recent years, virulence- resistance plasmids (VR) plasmids which are hybrid plasmids have emerged. In line with multi drug resistance, the emergence is of great concern to public health. Salmonella enterica strains with VR plasmids have been reported to be very deadly. S.enterica serovars Typhimurium isolates have been revealed to harbour resistance genes (Rodriguez et al ., 2012; Rodicio et al ., 2011; Amini et al ., 2010). It was gathered that serovars of S enterica (Typhimurium) were found to be resistant to some antibiotics such as ampicillin, tetracycline, chloramphenicol and sulphamethoxazole. It was observed that they harboured the gene blaTEM. Several methods have been developed to characterize Salmonella enterica. Serotyping which involves antibody- antigen reactions of cells has been used. It helps to identify the source of Salmonella contamination by placing side-by-side serotypes of individuals suspected to have Salmonella, with serotypes of the suspected Salmonella source. With PCR, strains of Salmonella can be identified to the molecular level. PCR is a unique tool developed for molecular characterization. PCR is an indispensable tool in molecular biology which involves an in vitro enzymatic synthesis of a particular gene. This technique was invented in 1983 by Kary and Mullis and was patented in 1985. It also allows the multiplication of a particular segment of DNA. It is based on the principle of the DNA polymerase to create new DNA strands complementary to the template strand. While the normal DNA replication is in vivo, PCR occurs in vitro (Kadri, 2019). There are different types of PCR such as multiplex, real-time PCR, competitive PCR, RAPD PCR, Reverse transcriptase PCR and so on. PCR can serve as molecular cloning, which allows the synthesis of multiple copies of a biological derivative (Pelt-Verkuil et al ., 2009; Kadri 2019). In order to detect the presence of specific DNA sequence of organisms, Polymerase chain reaction has been gainfully employed. PCR provides the basis of sequencing. DNA fingerprinting technology which has been a powerful tool in forensic science research, paternity of a child determination and so on makes use of PCR.
In a research work conducted by Ravasi et al ., (2012), RT-PCR (Reverse transcriptase Polymerase Chain Reaction) method was used for the detection of fossil 16S ribosomal DNA fragments which were obtained from the fragments of phototrophic sulfur bacteria. The bacteria obtained where found in the sediments of lake Cadagno. PCR has been used as a direct method for the amplification of blaTEM, tetA, hilA , tetC and invA genes of Salmonella enterica (El- Sharkawyel et al ., 2013; Pathmanathan et al ., 2003; Somda et al ., 2018; Mamman et al ., 2014). In order to determine the clonalities and diversities in the strains or genes of organisms, PCR has served. Kadry et al ., (2019) analyzed the diversity of the invA genes which were obtained from both human and egg samples using the polymerase chain reaction technology and other techniques. Other methods other than PCR, used to investigate and identify Salmonella have been developed too. They include whole genome sequencing, multi locus sequence typing and pulsed field gel electrophoresis (Amini et al ., 2010, Somda et al ., 2018).






CHAPTER THREE
3.0 MATERIALS AND METHODS
3.1 BACTERIAL ISOLATES
Sixteen Salmonella isolates were obtained from the Molecular and Biotechnology Department of Nigerian institute of Medical Research. The isolates were obtained from stool samples of animals and humans in Lagos. Isolation was done by inoculating 5g of stool samples in selenite F broth which was incubated at 37oC for 24hours. Presumptive colonies were purified by subculturing on nutrient agar and pure colonies were identified using biochemical test
3.2 DNA EXTRACTION
Bacterial isolates were inoculated into brain heart infusion agar and incubated at 37oC for 24hrs. Bacterial growth was mixed by vortexing and 1.5 mL of the broth culture was dispensed into already labelled eppendorf tube and centrifuge at 10,000rpm then supernatant was discarded by decanting and blotting with a sterilize tissue pad.one milliliter of sterilize distilled water was added,vortex and cell suspension was centrifuge at 10,000rpm for 5mins. Supernatant was again discarded and fresh 200ul of sterilize distilled water was added and vortexed to make cell suspension. Cells were then boiled for 100oC for 10mins, after which the cells were vortexed and centrifuged at 10,000rpm for 5mins. Supernatant containing DNA was then transferred to already pre- labelled eppendorf tube by gentle aspiration using a micropipette.
3.3 DETERMINATION OF PURITY AND QUANTITY OF DNA
The purity and quantity of extracted DNA was determined with the nanodrop spectrophotometer (ND 1000 Thermo Fisher). Two microlitres of sterile distilled water was used in initializing the instrument and another 2µL sterilize water was used to blank the instrument. Two microliters of DNA samples was then located on the pedestal of the instrument and measurement was done. DNA purity was measured at an absorbance ratio of 260/280 and the quantity of DNA yield was recorded in ng/µL
3.4 DETECTION OF ANTIBIOTIC RESISTANCES GENE BY PCR
Two antibiotic resistances genes (tetc and blactx) were assayed using primers tetC F:5’- CTCAGACGG80TTGTTAGG-3’, tetC R: 5’TCTATCTCTTGTAGCCCTAT, blaCTX F:5’GGTTGAAGGGC-3’, blaCTX R:5’CCTCTTGCGGTCGTCC-3’. A 20 µL PCR was used comprising 11.4 µL of sterile nuclease free water, 4µL of 5x FirePol Master mix, 0.3µL of both forward and reverse primers and 4µL of DNA templates. PCR was carried out in gradient thermal cycler (Eppendorf Germany) with programming conditions as follows: 95oC Initial denaturation for 5mins, Denaturation at 95oC for 30secs, Annealing at 54oC for tetC gene, 49oC annealing for blaCTX both for 40 secs, while elongation was at 72oC for 2mins and final elongation at 72oC for 10 mins.
3.5 GEL ELECTROPHORESIS
PCR products were separated at 100v for 50 mins on 1.5% agarose gel. The gel was prepared by weighing 3g of agarose powder and dissolving in 200 mL of tris borate EDTA (TBE). Agarose suspension was heated until it became clear. It was allowed to cool to 50oC then 0.5µL of ethidium bromide was added and poured into the mould and allowed to solidify. PCR products where then loaded into the wells after which electrophoresis was ran. DNA band where visualized under UV light using Cleaver photo documentation system.












CHAPTER 4
4.1 RESULTS 
DNA extraction done by boiling method gave a DNA yield that ranged from 20.0 ng/µL and 58.6ng/µL. Isolate 015 gave the highest yield of DNA. Purity of DNA ranged from 2.05 to 2.46 as shown in Table 2.1 PCR results showed that 15 (93.75%) of Salmonella isolates possessed tetC gene, as shown in Figure 2.1. Only isolate C3 did not have the tetC gene, on the other hand blaCTX was not detected in any of the isolates as shown in Figure 2.2.The 500 bp gene was detected in only the positive control that was used.
















TABLE 2.1 QUANTITY AND PURITY OF DNA SAMPLES ISOLATED FROM SALMONELLA SEROVARS
	
	S/N
	ISOLATES
	QUANTITY
	PURITY (260/280)

	1
	A1
	20.3ng/µL
	2.10

	2
	B2
	23.1ng/µL
	2.62

	3
	C3
	22.0ng/µL
	2.20

	4
	D4
	42.9ng/µL
	2.41

	5
	E5
	31.6ng/µL
	2.32

	6
	F6
	41.8ng/µL
	2.23

	7
	G7
	30.2ng/µL
	2.64

	8
	H8
	48.4ng/µL
	2.27

	9
	I9
	27.6ng/µL
	2.05

	10
	J10
	47.0ng/µL
	2.31

	11
	K11
	45.2ng/µL
	2.18

	12
	L12
	27.8ng/µL
	2.46

	13
	M13
	31.6ng/µL
	2.32

	14
	N14
	34.7ng/µL
	2.42

	15
	015
	58.6ng/µL
	2.28

	16
	P16
	36.3ng/µL
	2.26
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Figure 2.1: Gel image for positive bands in lane A,B,D,E,F,G,H,I,J,K,L,M,O,PC for tetC gene. M is 100 bp molecular marker, PC is positive control and NC is negative control.
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Figure 2.2: Gel image for positive bands for PCR and other lanes are negative for blaCTX gene. M is 100bp molecular marker. PC is positive control and NC is negative control






4.2 DISCUSSION
Possession of antimicrobial resistances gene by food borne pathogens remains a major avenue by which antibiotic resistant genes are being disseminated within the food chain. In this study, of the 16 Salmonella isolates that were investigated, 93.75% possessed tetC gene. This is higher than what was reported by Adesiji et al . (2014) who detected tetC gene in 50% of Salomonella isolates that were discovered from poultry and clinical sample. In another study in Iran, 5% of 60 different Salmonella strains previously recovered from humans and animals were positive for tetC gene (khoshlaht et al ., 2018). The occurrence of tetC gene reported in their study is quite low compared to this present study which may be attributed to limited used of tetracycline in animal husbandry or the small number of isolates used in this study. In a similar study, Mlthembu et al . (2019) in South Africa also reported a low prevalence 18% of tetC gene in antibiotic resistant Salmonella spp. associated with livestock. The high prevalence of tetracycline in Nigeria isolates suggest the high dependence or over use of tetracycline. Extended spectrum beta lactamase (ESBL) resistant strains of Salmonella that harbour blaTEM, blaCTX, blaSHV and other variants of these genes have been reported in several studies (Mulvey et al ., 2003, Ziech et al ., 2016, Ranjbar et al ., 2018). However, in this study none of the Salmonella isolates harboured the blaCTX that was assayed for.  Although previous studies in Nigeria have reported the presence of blaCTX genes majorly in Salmonella strains isolated from clinical samples. Yhiler et al  (2019) reported a high prevalence 94.5% of blaCTX in Salmonella strains isolated from diarrhoeic children attending university of Calabar Teaching Hospital Nigeria. 
Further studies with greater number of isolates need to be conducted to screen for blaCTX genes in the south west in comparison with the results from south south to check if these genes are detected in some regions and absent in others. 





      CHAPTER FIVE
5.1 CONCLUSION AND RECOMMENDATION
From this study tetracycline resistances gene tetC was detected in Salmonella isolates that were recovered from food animals and humans. However, blaCTX gene that confer resistance to beta lactam antibiotics was not detected. It is recommended that the indiscriminate use of antibiotics in human and veterinary medicine should be discouraged in order to limit and control the spread of antibiotics resistances amongst our food animals.
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 MATERIALS
Petri dish, glass spreader, inoculating loop, cotton wool, 70% ethanol, latex hand gloves, Bunsen burner, beaker, wash brush, markers, measuring cylinder, thermo cyler, conical flask, test tubes, test tubes racks, Duran (scotch bottles), centrifuge, Eppendorf tubes, cork borer, sterile tips, micropipette, incubator, glass slide, distilled water, hydrogen peroxide, autoclave, paper tape, oxidase test strip, immersion oil, microscope,spectrophotometer, master mix
 MEDIA USED
Nutrient Agar
Preparation 
Nutrient agar was prepared according to the manufacturer’s instruction for isolation and detection of total count of mesophilic organism.
1. The dehydrated medium was dissolved in the appropriate volume of distilled water i.e.
28g of Nutrient agar in 1000 ml distilled water based on manufacturers instruction’s instructions in a conical flask and mixed thoroughly. The conical flask is then closed in cotton wool that is wrapped in aluminum foil.
2. The mixture was heated for a while to dissolve the powder completely and was then sterilized by autoclaving at 121°C for 15minutes.
3. The medium was then allowed to cool to a range of 45-50°C and poured aseptically into sterile
Selenite F broth
Preparation
1. Add 19g to 1litre of distilled water to which 4g of sodium biselenite(Oxide Lt121)has been added then warm to dissolve
2. Mix well and fill into container to a depth of 5cm
3. Sterilize in a boiling water bath or free-flowing steam for 10mins.
DO NOT AUTOCLAVE!!!
BRAIN HEART INFUSION
Preparation
1. Add 37g to 1litre of distilled water
2. Mix well and distribute into final containers
3. Sterilize by autoclaving at 
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