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Abstract

Staphylococcus aureus is an opportunistic pathogen having a spacious spectrum of inherent virulence factors, causing a wide range of infections like abscesses, mastitis, pneumonia and meningitis in mammals. The bacterium is one of the leading pathogens associated with antimicrobial resistance and the emergence of antibiotic-resistant strains, such as methicillin-resistant Staphylococcus aureus (MRSA), is a worldwide problem in clinical medicine. Among all, nasal carriage of Staphylococcus aureus has been identified as a risk factor for community-acquired and nosocomial infections. Therefore, this study was carried out in goat to estimate the prevalence of the nasal carriage of methicillin-resistant Staphylococcus aureus (MRSA). A total of 153 nasal swab samples were collected from goat admitted to Shahedul Alam Quadary Teaching Veterinary Hospital (SAQTVH), Chattogram Veterinary and Animal Sciences University following standard procedures. A questionnaire was used to collect necessary data which is related to this study. At first, Staphylococcus aureus from nasal swab was identified by conventional bacteriological method like observing cultural characteristics, Gram’s staining and also by biochemical test. Then, the positive samples were investigated for antimicrobial sensitivity testing (AST) to identify Oxacillin (OX) and Cefoxitin (FOX) resistant organism which was initially recognized as a methicillin-resistant Staphylococcus aureus (MRSA). Finally, mecA gene of methicillin-resistant Staphylococcus aureus (MRSA) from nasal swab was identified by PCR against mecA primer. A total of 7 nasal swab samples were identified to mecA gene positive. The results revealed that, Methicillin-Resistant (mecA) Staphylococcus aureus (MRSA) was present at the proportion of 4.58% in case total (N=153) samples and was present at the proportion of 21.88% in case of only cultural and biochemical test positive samples. The prevalence of Staphylococcus aureus mecA gene infection in goat was 7.14% (95% CI) in less than 1 year of age, 3.92% (95% CI) in 1-2 years of age and 4.05% (95% CI) in more than 3 years of age and among infection in goat was 3.70% (95% CI) in case of male and 5.05% (95% CI) in case of female which was greater in this study.

Keywords: Nasal carriage; Antimicrobial resistance; Methicillin-resistant S. aureus (MRSA); mecA gene.
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Chapter-1
INTRODUCTION
Bangladesh is an agriculture based economic country and as the second-largest economy in South Asia, Bangladesh's economy is the 34th largest in the world in nominal terms, and 25th largest by purchasing power parity. Livestock which is a major sector, playing a vital role in national economy of Bangladesh. Bangladesh had a livestock population more than 4428 lakh, with 248.56 lakh cattle, 15.16 lakh buffalo, 38.27 lakh sheep and 269.45 lakh goat (BBS, 2022-23). Global ruminant livestock population is roughly 3.6 billion. According to the Food and Agriculture Organization of the United Nations, there are approximately over one billion goats worldwide. The global goat population has more than doubled in the last four decades, due in part to increasing demand for goat products.
Goat, is a hardy domesticated ruminant mammal that has backward-curving horns and (in the male) a beard. It is kept for its milk and meat, and noted for its lively behaviors. In livestock, goat is called poor’s man cow. Developing countries like Bangladesh, the small income residents can easily rear goat with less investment in a minimum area. Near about 40.6% of total population in Bangladesh may be directly or indirectly engaged with agriculture and its sub-sector as a source of income generation (Bangladesh Economy Review-2022).
During rearing time, goats are subject to many infectious, non-infectious and many more production related diseases. For infectious disease, many viruses and bacteria are responsible. Among bacteria, Staphylococcus aureus is one of them which causes a variety of infection in goat and become economic loss to owner.
[bookmark: _Hlk154074551][bookmark: _Hlk154074653]Staphylococcus aureus is a Gram’s positive organism which is commonly found in Humans and Animals body. However, Staphylococcus aureus is a commensal, it is one of the mightiest opportunistic pathogen. Staphylococcus aureus can cause a wide range of diseases in human and animal species. Having a spacious spectrum of inherent virulence factors, Staphylococcus aureus causes a wide range of infection like abscesses, mastitis, pneumonia and meningitis in mammals (Spini et al., 2014; El-Ashker et al., 2015; Song et al., 2017).
Nasal Staphylococcus aureus carriage, affecting about 20% of the population, has been identified as a risk factor for the pathogenesis of community-acquired and nosocomial infections (Kluytmans et al., 1997; Von Eiff et al., 2001).
[bookmark: _Hlk154075503]Although Staphylococcus aureus usually acts as a commensal of the human microbiota, frequently found in the upper respiratory tract and on the skin (Masalha et al., 2001), it can also become an opportunistic pathogen, being a common cause of skin infections including abscesses, respiratory infections such as sinusitis, and food poisoning. Pathogenic strains often promote infections by producing virulence factors such as potent protein toxins, and the expression of a cell-surface protein that binds and inactivates antibodies Staphylococcus aureus is one of the leading pathogens foe deaths associated with antimicrobial resistance and the emergence of antibiotic-resistant strains, such as methicillin-resistant Staphylococcus aureus (MRSA), is a worldwide problem in clinical medicine (Masalha et al., 2001).
Nasal carriage of Staphylococcus aureus plays a key role in the epidemiology and pathogenesis of staphylococcal infection. In animals, the nostrils, nares, mouth and perineum are one of the most principal carriage sites for Staphylococcus aureus (Iverson et al., 2015). Staphylococcus aureus is also frequently related with mastitis in cattle, sheep and goats. It also responsible for causing chronic infections, clinical and subclinical infections in goat, sheep and cattle (Gharsa et al., 2012). In case of pets usually most infections involve with skin and other soft tissues and this organism is also associated with post-operative infections of surgical wounds being very common (Peton et al. 2013). Nowadays, isolation of Staphylococcus aureus from the nares of farm animals has been frequently reported (Gharsa et al., 2012; Mork et al., 2012; Nemeghaire et al., 2014).
The transmission of Staphylococcus aureus is by direct contact with contaminated environments (objects and products) and colonized/infected individuals (animals and people), with hands as the main vectors (Shen et al., 2013). Infections due to Staphylococcus aureus constitute an important public health problem, notably due to the rise of multidrug resistance with the spread of the methicillin-resistant strains (MRSA) in humans, farm animals and in the wider environment (Woolhouse et al., 2015). The alarming zoonotic potential of some Staphylococcus aureus clones is now well recognized, and contact with animals seems to be one of the foremost factors influencing MRSA colonization and infection in human populations (Woolhouse et al., 2015). Many investigations have described individuals with regular contact with animals out of household settings to be at high risk of becoming colonized/infected by these strains (Graveland et al., 2011).
The factors that determine carrier or noncarrier status are largely unknown. Various epithelial and mucous host factors, such as surface glycoproteins and proteoglycans, have been shown to mediate the binding of Staphylococcus aureus, but the precise adhesive molecules on the host and bacteria have not been identified (Cole et al., 2001). Staphylococcus aureus appears to attach to cell-associated/and cell-free secretions (Shuter et al., 1996) and to interact with receptor sites of secretory immunoglobulin A (Biesbrock et al., 1991), glycolipids (Krivan et al., 1988), and surfactant protein A (McNeely and Coonrod, 1993).
Now a days the use of antimicrobials in food animals has received great attention and the antimicrobial use in farm animals is regulated in many countries by guidelines or legal restrictions. In Bangladesh, some reports of antibiotics resistance of food animals have been published (Sarker and Samad, 2011; Islam et al., 2016)  but this is too less. Some antimicrobials that are widely used in animals belong to classes of antimicrobials that are regarded as critically important for use in humans e.g., cephalosporins and fluoroquinolones (Heuer et al., 2009) and the use of these antimicrobials in farm animals is restricted or prohibited in some countries. All groups of antimicrobials are widely used in treatment of animal diseases but some of them are regarded as reserve group for use in humans. Fluoroquinolones and Cephalosporins are  the major antimicrobial drugs ranked by the U.S. Food and Drug Administration as critically important in human medicine, and for which emergence of resistant bacteria is especially undesirable (Food, 2003).
There are so many countries, which are attempting to grow a specific guideline for prudent use of antibiotics in food animals as well as in pet animals. Sizeable attention is being given to antimicrobials resistance regarding public and animal health in the European commission. The use of antibiotics in healthy/farm animals is one of the neglected causes for the global antimicrobial resistance (AMR) upsurge. The widespread exploitation of antibiotics in healthy food animals has amplified the extent of AMR globally (Wall et al., 2016). Antibiotic consumption in animals is not limited to their therapeutic use. These are used for meta phylaxis (administration of antimicrobials to animals when perceived to be in contact with animals diagnosed with disease), for prophylaxis (mass administration of antimicrobials to animals to prevent disease when risk is established) and as antibiotic growth promoters (AGPs; administration of antimicrobials to animals to boost feed efficiency and increase weight gain, e.g., albamycin, bambermycin, efrotomycin and ionophores) (McEwen and Fedorka-Cray, 2002).
There is limited evidence on the association between the antibiotic usage and prevalence of antibiotic-resistant (ABR) bacteria as well as their dissemination into the surrounding environments. Acknowledging the problem of unregulated use of antibiotics in food animals and consequent AMR, various organizations, viz. WHO, FAO, World Organization for Animal Health, formerly called Office International des Epizooties (OIE), European Union (EU), European Centre for Disease Prevention and Control (ECDC), European Medicines Agency (EMA) and governments across the globe, have committed to develop guidelines and policies to limit the antibiotic use based on scientific evidence (Walia et al., 2019).
At the initial time, Staphylococcus aureus were virtually susceptible to almost all antibiotic. However, by the end of decade, 28% of Staphylococcus aureus strains isolated at Boston city hospital were resistant to penicillin (Maranan et al., 1997). Today the vast of majority hospital acquired Staphylococcus aureus isolates are resistant to penicillin (Schito, 2006). Later, scientists developed a new penicillinase-resistant semisynthetic penicillin named methicillin, which is resistant to the hydrolysis of beta-lactamase (Rayner and Munckhof, 2005; Khoshnood et al., 2019).
Methicillin-resistance in Staphylococcus especially has emerged as an important problem with significant concerns about animal and public health (Lakhundi and Zhang, 2018). Universally, one health approach with coordination and cooperation between human health, veterinary and environment sectors is being adopted to mount comprehensive response to AMR challenge (McEwen and Collignon, 2018).
Eradication of Staphylococcus aureus from the nose has proved to be effective in reducing the incidence of staphylococcal infection. This indicates that the anterior nasal region is a primary ecological reservoir of Staphylococcus aureus, although the throat and the perineum are also important reservoirs. However, nasal recolonization may occur within weeks to months in those who have successfully been decolonized.
In the present investigation, we report data on the susceptibility patterns of Staphylococcus aureus isolated from nasal swab in goats. These bacterial species were studied because this is the most frequently isolated pathogens from various infectious conditions in goats.
Therefore, more attention needs to be paid to detection of antibiotic-resistant S. aureus in order to achieve an effective treatment for Staphylococcus aureus infections. The aim of the present study is to estimate the prevalence of nasal carriage of Staphylococcus aureus in goats and to detect the methicillin-resistant Staphylococcus aureus (MRSA) from goats. On this background, this study was aimed to achieve following objectives.
Objectives:
I. To estimate the prevalence of nasal carriage of S. aureus in goats.
II. To assess the antimicrobial resistance pattern of S. aureus isolated from goats.
III. To detect the methicillin-resistant S. aureus (MRSA) from goats.















Chapter-2
REVIEW OF LITERATURE

Among livestock, goat is most common and familiar in Bangladesh. From incidence time goat are being reared as a domestic animal in Bangladesh. The present status of total goat population in Bangladesh is 26.945 million (BBS, 2022-23). On the other hand, there are approximately over one billion goats worldwide, according to estimates from the Food and Agriculture Organization (FAO) of the United Nations. The global goat population has more than doubled in the last four decades, due in part to increasing demand for goat products. From the beginning time, goat is subject to infection by Multifarious bacterial. Among them, Staphylococcus aureus, under the family of Staphylococcaceae is most common infectious viceregent for goat. Therefore, Staphylococcus aureus act as major organisms that is illuminated with antibiotics. As it is constantly treated with almost all types of antibiotics, it might be shown antibiotic resistant. So, there is a strong possibility for S. aureus to become a super bug.
Current literatures on isolation, Molecular characterization and detection of antibiotic resistance genes of bacterial pathogens from goat have been reviewed in this chapter. The main purpose of this chapter is to provide up-to-date information concerning the research work which is addressed here. Important information related to the isolated bacterial species has been reviewed under the following headings and sub-headings.
2.1. Risk factor
While Staphylococcus is a major cause for respiratory infection in goat, but this infection may be happened or associated with some other infection. Some bacteria, virus, fungus and mycoplasma also responsible for respiratory infection in goat. Some relevant factors like dust, the weather, overcrowding, travel, new animal introductions, stress, parasites and nutrition all play a role in an animal's susceptibility to respiratory disease. Some others predisposing factors include concurrent virus infection, toxoplasmosis, lungworm infection, trauma, aspiration pneumonia, neoplasia, tooth root infection, nasopharyngeal polyps, congenital anomalies, otitis media or interna, metabolic dysfunctions and immunosuppressive therapy. 

2.2. Staphylococcaceae
[bookmark: _Hlk143764288]Staphylococcus is a genus of Gram-positive bacteria in the family Staphylococcaceae from the order Bacillales. Staphylococcus sp. was discovered in Aberdeen, Scotland in 1880 by the Surgeon Sir Alexander Ogston in pus from surgical abscesses. Staphylococcus sp. is a Gram-positive spherical bacterium approximately 1 μm in diameter. Its cells form grape-like clusters, since cell division takes place in more than one p. 

Taxonomy of Staphylococcus sp.:
Domain: Bactria
   Phylum: Firmicutes
      Class: Bacilli
         Order: Bacillales
            Family: Staphyloccaceae
               Genus: Staphylococcus
                  Species: Staphylococcus sp.
                    					 (Hájek, 1976)

There are currently 53 recognized species of staphylococci and 28 subspecies most of which are found only in lower mammals. The staphylococci most frequently associated with human infection are S. aureus, S. epidermidis and S. saprophyticus. Other Staphylococcus species may also be associated with human infection (Canning et al., 2020) and all species are part of the normal micro flora of the skin and mucosal surfaces of the upper respiratory tract of man and animals.
2.3. Morphology
Staphylococci are members of the family Staphylococcaceae. Staphylococci are Gram-positive cocci about 0.5 – 1.0 μm in diameter, which are non-motile, non-spore forming and facultative anaerobes that are commonly found on the skin of mammals. Based on ability to produce the extracellular enzyme coagulase, species of staphylococci are separated into two large groups. Organisms that produce coagulase are known as coagulase-positive staphylococci mainly S. aureus (Kloos, 1997) and organisms that cannot produce coagulase are referred to as coagulase negative Staphylococcus or non-aureus Staphylococci. They grow readily on most routine laboratory media, specific for Mueller Hinton agar (MHA) usually are isolated from clinical specimens using sheep blood agar. Gram’s staining reveals that Gram-positive cocci are 0.7 to 1.2 mm in diameter that is usually visible in irregular grapelike clusters with yellow color colony. The golden pigmentation is caused by the presence of carotenoids and has been reported to be a virulence factor protecting the pathogen against oxidants produced by the immune system (Harris et al., 2002).
All staphylococcal genomes are approximately 2.8 Mbp (mega base pairs) in size with a relatively low G and C content. Comparative analysis revealed that most regions of the staphylococcal genome are well conserved, whereas several large sequence blocks contain high variability (Baba et al., 2008). Staphylococci has an amorphous protective cell wall, which is tough in nature and near about 20-40 nm thick. Underneath the cell wall is the cytoplasm that is enclosed by the cytoplasmic membrane. Peptidoglycan is the basic component of the cell wall, and makes up 50% of the cell wall mass. Another cell wall constituent is a group of phosphate containing polymers called teichoic acids, which contribute about 40% of cell wall mass. 
There are two types of teichoic acids, cell wall teichoic acid and cell membrane associated lipoteichoic acid; bound covalently to the peptidoglycan or inserted in the lipid membrane of the bacteria. Teichoic acids contribute a negative charge to the staphylococcal cell surface and play a role in the acquisition and localization of metal ions, particularly divalent cations, and the activities of autolytic enzymes. Peptidoglycan and teichoic acid together only account for about 90% of the weight of the cell wall, the rest is composed of surface proteins, exoproteins and peptidoglycan hydrolases (autolysins). Some of these components are involved in attaching the bacteria to surfaces and are virulence determinants (Harris et al., 2002). An additional component of the staphylococcal cell wall is the protein “A” (Lofkvist and Sjoquist, 1962). This is a group antigen, specific for strains of S. aureus (Grov et al., 1964; Forsgren, 1969). This protein is not evenly distributed over the cell surface, but occurs in patches (James and Brewer, 1968). This can be concluded from the electrophoretic behavior of whole cells.


2.4. Staphylococcal surface protein
The ability of Staphylococcus sp. to cause infection depends on cell surface-associated proteins. The surface of Staphylococcus aureus is decorated with over 20 proteins that are covalently anchored to peptidoglycan by the action of sortase A (Foster, 2019). These cell wall-anchored (CWA) proteins can be classified into several structural and functional groups. The host extracellular matrix termed MSCRAMMs (microbial surface components recognizing adhesive matrix molecules) is the largest MSCRAMM family, which is characterized by tandemly repeated IgG-like folded domains that bind peptide ligands by the dock lock latch mechanism or the collagen triple helix by the collagen hug (Foster, 2019). Clumping factors, A and B (ClfA and ClfB), protein A and the fibronectin binding proteins A and B (FnBPA and FnBPB) are characterized by an N-terminal signal sequence for Sec dependent secretion and a C-terminal cell wall-anchoring domain for covalent linkage to the cell wall. The ability of Staphylococcus sp. to colonize the nasal epithelium is in part due to the ClfB (O’Brien et al., 2002) and IsdA (Clarke et al., 2006), which promote adhesion to desquamated epithelial cells.

2.5. Pathogenesis
It is said that anyone can develop a staph infection, although certain groups of animals are at greater risk. Staphylococcus aureus is a mammalian commensal and opportunistic pathogen that colonizes niches such as skin, nares and diverse mucosal membranes of about 20-30% of the human population (Haag et al., 2019). The earliest detection of Staphylococcus sp results rapid crucial for proper management of patients with skin infections, abscesses, septicemia/bacteremia, gastroenteritis, endocarditis, toxic shock syndrome and certain food intoxications (Kateete et al., 2010). The food poisoning causes by Staphylococci shows sudden onset of nausea, vomiting, abdominal cramps and diarrhea (Balaban and Rasooly, 2000). On heating at normal cooking temperature, the bacteria may be killed but the toxins remain active. Staphylococcal enterotoxins show more high heat resistant and are thought to be more heat resistant in foodstuffs than in a laboratory culture medium (Bergdoll, 1983). Besides these, enterotoxins producing Staphylococcus sp are most dangerous and harmful for the human health. About 50 % strain of this organism are able to produce enterotoxins associated with food poisoning (Payne and Wood, 1974).
2.6. Staphylococcus aureus
Staphylococcus aureus can be recovered as a most common Staphylococcal strain from goat. An estimated 20% to 30% of the human population are long-term carriers of S. aureus (Kluytmans et al., 1997; Tong et al., 2015), which can be found as part of the normal skin microbiota, in the nostrils (Kluytmans et al., 1997; Cole et al., 2001), and as a normal inhabitant of the lower reproductive tract of females (Senok et al., 2009; Hoffman, 2012). Reports of methicillin resistant Staphylococcus aureus  infections in animals were rare but have increased in recent years; MRSA has been reported in almost all domesticated species, including dogs, cats, horses, cattle, goat and sheep (Boag et al., 2004; Goni et al., 2004).
2.7. Animal infections by Staphylococcus sp.
Staphylococcal infection has been reported in almost all species like mammal as well as in wild and domestic birds and in some reptiles and also including human. Staph infections are caused by Staphylococcus bacteria. These types of germs are commonly found on the skin or in the nose of many healthy people. Most of the time, these bacteria cause no problems or cause relatively minor skin infections. Staphylococcus normally reside on the skin of animals and humans without causing any problem. The bacteria are considered opportunistic pathogens. As long as the skin is healthy, these bacteria do not cause problems. But once the skin is irritated, they can invade and rapidly multiply, seizing an opportunity to infect. Staphylococcal infection may be sometime asymptomatic and can as a carrier for other animals. Staphylococcus also involve in respiratory infection, abscess, mastitis, pneumonia and meningitis in mammals, gastrointestinal, or skin and soft tissue infections. A recent study found that 10% of healthy dogs visiting a clinic for regular vaccinations harbored Staphylococcus sp. (Rubin and ChirinoTrejo, 2010). Molecular analyses of isolates from different animals have revealed that there are some strains that appear to be host adapted to a particular animal species such as horses, cattle, pigs, sheep, chickens, or humans and other strains can colonize multiple species of animals (Cuny et al., 2010). 
Chapter-3
MATERIALS AND METHODS

3.1. Study area and study period
A cross-sectional study was conducted to determine the nasal carriage of Staphylococcus aureus from infected goats brought to S.A. Quaderi Teaching Veterinary Hospital (SAQTVH), Chattogram Veterinary and Animal Sciences University (CVASU) for the purpose of treatment and routine checkup during the period of February 2023 to June 2023.
3.2. Sample collection
The sample was collected by inserting a sterile swab into both nostrils of goats having respiratory problems. The collected swab was directly placed into Mueller Hinton broth (Oxoid, UK) containing 6.5% NaCl and shipped to the Poultry Research and Training Centre (PRTC) laboratory, CVASU for further analysis. A well-structured questionnaire was developed to collect demographic and epidemiological information of sampled goats. Both samples and questionnaire data were collected upon a verbal consent from the goat owners.
3.3. Isolation and identification of Staphylococcus aureus 
The swab samples kept into 6.5% NaCl supplemented Mueller Hinton broth were incubated overnight at 37°C. Then, the overnight culture was inoculated into blood agar and incubated at 37°C for 24 hours. The colonies displaying the characteristic appearance (hemolytic, round, smooth and glistening) on blood agar were stained by Gram’s method.  Those showing Gram positive cocci were tested for catalase following standard method. Catalase positive and Gram-positive cocci were initially considered as staphylococci. The presumptive staphylococci colonies were further inoculated onto Mannitol salt agar (Oxoid, UK) and incubated at 37˚C for 24 hours. Colonies yielding yellow color were suspected as Staphylococcus aureus. The presumptive S. aureus colonies on mannitol salt agar were then sub-cultured onto blood agar and incubated at 37˚C for 24 hours (Rahimi et al., 2015).

3.4. Coagulase test
The positive samples were tested for coagulase using horse plasma. For obtaining horse plasma, fresh blood was collected from jugular vein of horse into a commercially available sterile tubes containing Ethylene Diamine Tetra Acetic Acid (EDTA). Subsequently, the collected blood was centrifuged at 2600 rpm for 10 minutes at 4°C. After centrifugation, the supernatant was ready as a plasma, afterward the plasma was transferred to the sterile 1.5 ml Eppendorf tube using sterile tip and stored at -20ºC for further analysis.
3.5. Tube coagulase test
The tube coagulase test was performed by adding 0.2 mL of the overnight culture grown in brain heart infusion broth to 0.5 mL of horse plasma in a glass tube. After gentle mixing, the test tubes were incubated at 37°C and examined after 2, 4, 6 and 24 hours. The presence of coagulates was considered when organized coagulation of all the contents of the tube occurred which did not come off when inverted (Brasil, 2003). A control tube without horse plasma was used to validate the result.
3.6. Antimicrobial susceptibility testing
Antimicrobial susceptibility testing was performed using the disc diffusion method following the Clinical and Laboratory Standards Institute (CLSI) guidelines (CLSI, 2020). A sterile swab was dipped into the inoculums, prepared for antimicrobial sensitivity test, and rotated against the side of the tube with firm pressure. A 0.5 McFarland standard was used for bacterial turbidity equivalent for each isolate. For preparing a 0.5 McFarland standard, 0.5 ml of 1% (11.75g/L) BaCl2.2H2O was added to 99.5 ml of 1% (0.36N) H2SO4 (Carter and Cole, 1990). Removing excess fluid, the swab was streaked on to the Mueller Hinton agar plate for three times over the entire surface rotating the plates approximately at 60 degrees for each time to ensure even distribution of the inoculum. After streaking, antibiotic disk was placed on the inoculated surface of agar media. A separate forceps was always used to dispense each of the antimicrobial disks. The disks were placed carefully on the surface of the agar with a gentle pressure to make a complete contact. And then incubated the plate at 37ºC for 24 hours. After completing the incubation period, the zone of inhibition size was measured by a digital slide caliper and the result was recorded according to CLSI (Table 1) guideline. The sheet of antibiotics used along with the sizes of zone of inhibition of them to be considered as resistant (R), intermediately resistant (I) and sensitive (S) against the tested isolates. Methicillin resistance was determined by measuring zone diameter around oxacillin and cefoxitin discs. S. aureus isolates showing resistance against at least three groups of antimicrobial agents were defined as multi- drug resistant (MDR) (Li et al., 2014).

Table-1: Panel of antibiotics used their concentrations and Zone diameter interpretative standards for Staphylococcus aureus (CLSI, 2020):
	Antimicrobial agent with disc code
	Disc concentration
	Diffusion zone breakpoint (mm)

	
	
	S
	I
	R

	
Beta-lactams
	Ampicillin (AMP)
	10 µg
	≥29
	27-28
	≤26

	
	Oxacillin (OX)
	1 µg
	≥13
	11-12
	≤10

	Cephalosporins
	Ceftriaxone (CRO)
	30 µg
	≥23
	20-22
	≤19

	
	Cefoxitin (FOX)
	30 μg
	≥22
	-
	≤21

	Aminoglycosides
	Gentamicin (CN)
	10 µg
	≥15
	13-14
	≤12

	Fluoroquinolones
	Ciprofloxacin (CIP)
	5 µg
	≥21
	16-20
	≤15

	Tetracyclines
	Oxytetracyclines (TE)
	30 µg
	≥15
	12-14
	≤11

	Macrolides
	Erythromycin (E)
	5 µg
	≥23
	14-22
	≤13

	Potentiated Sulphonamides
	Sulfamethoxazole-trimethoprim (SXT)
	25 µg
	≥16
	11-15
	≤10



3.7. Sample preservation
Taking 50% sterile buffered glycerin was made by mixing 50 parts of pure glycerin and 50% parts of buffered saline. And then, isolated bacteria from pure culture were mixed in brain heart infusion broth and incubated overnight. By using a Pasteur pipette 700µl broth culture containing pure bacterial colonies and 300µl glycerol were poured on 1.5 ml Eppendorf tubes and were preserved at -80°C for further long-term use (Michaud and Foran, 2011).


3.8. DNA extraction
DNA was extracted by boiling method, in brief, 100 µl distilled water was taken in an Eppendorf tube, a pure bacterial colony from overnight culture was mixed with the distilled water, boiled for 10 min and then immediately cooled on ice followed by centrifugation at 10,000 rpm for 10 min. The supernatant was collected and used as DNA template for PCR.
3.9. Contents of each reaction mixture (25 µl) of PCR
Contents of each reaction mixture (25 µl) of PCR used to detect genes is Thermo Scientific Water (Nuclease free) (10.5µl), Thermo Scientific Dream Taq PCR Master Mix (2x) Ready to use (12.5 µl), forward primer (0.5µl), reverse primer (0.5µl), DNA template (1µl). Amplification was performed in a thermo cycler (DLAB, TC1000, Germany).  All reactions were carried out in a final volume of 25 µl.
[bookmark: _Toc74077993]Table 2: Contents of PCR reaction mixture for the mecA gene. 
	SL. NO
	                                Contents
	volume

	1
	Thermo scientific dream taq PCR master mix (2x) ready to use
	12.5µl

	2
	Forward primer
	0.5 µl

	3
	Reverse primer
	0.5 µl

	4
	Nuclease- free water
	9.5 µl

	5
	DNA template
	2 µl

	
	Total 
	25 µl


3.10. Molecular identification of mecA gene
Staphylococcus aureus isolates showing resistance to oxacillin and cefoxitin were primarily considered as MRSA (Broekema et al., 2009). Only phenotypically resistant isolates were further investigated for the presence of mecA gene by PCR, as described by (Larsen et al., 2008) Primers used were mecA P4 (Forward) 5̕ TCCAGATTACAACTTCACCAGG 3̕ and mecA P7 (Reverse) 5̕ CCACTTCATATCTTGTAACG 3̕. The PCR amplification program consisted of initial denaturation at 94°C for 15 min, followed by 35 amplification cycles at 94°C for 30 s, annealing at 55°C for 45 s, and final extension at 72°C for 1 min (Larsen et al., 2008). MRSA ATCC 33591 strain and nuclease-free water were used as positive and negative controls, respectively.
3.12. Visualization of amplified PCR products by agar gel electrophoresis
To visualize the PCR products, Gel electrophoresis was performed. To perform Gel electrophoresis 1% of agarose gel was prepared (Oxoid ltd, Basingstoke, Hampshire, UK). With an appropriate tooth sized comb in the tray, assembled a gel tray setting. Then agarose powder (Seakem LE agarose Lonza, USA) was mixed with 1X TAE (Tris-base: 242 g, Acetate (100% acetic acid): 57.1 ml, EDTA: 100 ml 0.5M sodium EDTA Add DH2O up to one liter. To prepare 1X TAE buffer from 50X TAE stock 20ml of stock was mixed with 980 ml of deionized water and boiled in a microwave oven for 2 minutes. Then, the agarose gel solution was cooled at 50oC in a water bath, followed by addition of ethidium bromide (Thermo Fisher Scientific, Waltham, USA) at a concentration of 5µg per ml. As a final point, agarose gel was poured into the gel tray and allowed for 20 minutes to stand for solidification of the gel. After that, the gel was transferred into an electrophoresis tank which contain 50ml of 1x TAE buffer. Then, 5μl of each of the PCR products for an isolate, DNA marker (Thermo Scientific O’ Gene Rular 1 kb plus) and distilled water as a negative control was loaded into the gel holes. Electrophoresis was done at 110 volts and 80 Amp for 20 minutes. After completing   electrophoresis, the gel was placed in a water bath for rinsing for a while. Finally, the gel was examined under an UV transilluminator (BDA digital, Biometra GmbH, Germany). Gel electrophoresis was repeated twice with the same PCR products.

3.13. Statistical Analysis 
Field and laboratory data obtained were entered into MS Excel-2010 spread sheets. Data were analyzed using SPSS 20 computer software package. Statistical significance was determined as p<0.05.







Photo Gallery

[image: ][image: A
]Figure-3.1: Nasal swab collection.





[image: ]Figure-3.2: whitish and yellow color colony Staphylococcus spp. on Blood agar


Figure-3.3: Golden yellow color colony of Staphylococcus aureus on Mannitol Salt Agar.
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[image: ]Figure-3.4: Oxacillin (OX) and Cefoxitin (FOX) resistant Staphylococcus aureus.






Figure-3.5: Oxacillin (OX) and Cefoxitin (FOX) sensitive Staphylococcus aureus.
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Figure-3.6: Grams staining of Staphylococcus aureus.
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[image: ]Figure-3.7: Coagulation in tube coagulase test of Staphylococcus aureus.





Figure-3.8: Agar gel electrophoresis.
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Figure-3.9: Running PCR


Chapter-4
RESULTS
4.1. Confirmation of Staphylococcus aureus by cultural characteristics and biochemical analysis
A total of 153 nasal swab samples of goat were collected from SAQTVH and were bought to examine by cultural characteristics and biochemical analysis for confirmation of Staphylococcus aureus. 
Among 153 samples, 32 samples (20.9%) were found positive for Staphylococcus aureus based on the results of cultural and biochemical properties. The frequency varied according to different variables. The nasal carriage of Staphylococcus aureus was higher in female goat than in male goat. 

4.2. Confirmation of Methicillin-Resistant (mecA) Staphylococcus aureus (MRSA) by CS test and PCR method 
[bookmark: _Hlk154079525][bookmark: _Toc74077998]A total 32, cultural and biochemical test positive samples were again subjected to antibiotic resistance test for detection of Oxacillin & Cefoxitin resistance samples. There were found 7 samples which showed resistance against both Oxacillin and Cefoxitin and revealed PCR positive against mecA primer. The result revealed that, Methicillin-Resistant (mecA) Staphylococcus aureus (MRSA) was present at the proportion of 4.58% in case total (N=153) samples and was present at the proportion of 21.88% in case of only cultural and biochemical test positive samples.
Table 3: Univariate analysis of risk factors for the presence of Staphylococcus aureus in goat.
	Risk Factor
	No. of Animal Tested
	Positive
	Prevalence %
	OR
	95% Confidence Interval
	P Value

	Age
	< 1 year
	28
	2
	7.14
	1
	-
	-
	-

	
	1-2 Year
	51
	2
	3.92
	.511
	.067
	3.897
	.517

	
	> 3 Year
	74
	3
	4.05
	.738
	.094
	5.789
	.773

	Sex
	Male
	54
	2
	3.70
	1
	-
	-
	-

	
	Female
	99
	5
	5.05
	1.414
	.213
	9.412
	.720

	Breed
	Cross
	99
	3
	3.03
	1
	-
	-
	-

	
	Local
	31
	2
	6.45
	1.997
	.152
	26.262
	.279

	
	JP
	14
	1
	7.14
	1.484
	.075
	29.269
	.599

	
	BB
	9
	1
	11.11
	3.926
	.329
	46.806
	.795

	Antibiotic
	Yes
	7
	0
	-
	1
	-
	-
	-

	
	No
	146
	0
	-
	1.291
	.248
	6.710
	.761

	Feeding
	Both
	129
	6
	4.65
	1.122
	.129
	9.761
	0.806

	
	Concentrate
	24
	1
	4.17
	1
	-
	-
	-

	Rearing
	Intensive
	115
	4
	3.48
	.420
	.090
	1.970
	0.267

	
	Semi-intensive
	38
	3
	7.89
	1
	-
	-
	-

	Temperature
	101-102.9°F
	31
	1
	3.23
	1
	-
	-
	-

	
	103-104.9°F
	84
	5
	5.95
	1.467
	.321
	7.168
	.368

	
	105-107°F
	38
	1
	2.63
	.872
	.238
	6.063
	.508

	Mucous Membrane Color
	Pink
	86
	4
	4.65
	1
	-
	-
	-

	
	Mild Pale
	37
	2
	5.41
	1.327
	.240
	7.346
	.781

	
	Pale
	30
	1
	3.33
	.872
	.210
	6.142
	.717

	Dehydration
	Normal
	59
	3
	5.08
	1
	-
	-
	-

	
	Mild
	57
	2
	3.51
	.724
	.153
	3.430
	.627

	
	Moderate
	27
	1
	3.70
	.780
	.163
	3.85
	.811

	
	Severe
	10
	1
	10.00
	1.402
	.361
	6.290
	.396



4.3. Resistance pattern of Methicillin-Resistant Staphylococcus aureus (MRSA)
Among 7 positive samples of Methicillin-Resistant Staphylococcus aureus (MRSA), 14.29% Ampicillin, 71.43% Ceftriaxone, 14.29% Ciprofloxacin, 14.29% Erythromycin, 28.57% Gentamycin, 28.57% Oxytetracycline, 85.71% Sulphamethoxazole-trimethoprim were found different level of sensitivity. Whereas, 42.86% Ampicillin, 14.29% Ceftriaxone, 28.57% Ciprofloxacin, 42.86% Erythromycin, 14.29% Gentamycin, 42.86% Oxytetracycline were found different level of resistant to isolates. (Fig 4.1).


Fig-4.1: Frequencies of Methicillin-Resistant Staphylococcus aureus (MRSA) isolates showing sensitive(S), intermediate (I) and resistance (R) to the antimicrobials tested. (Ampicillin (AMP), Oxacillin (OX), Ceftriaxone (CRO), Cefoxitin (FOX), Gentamicin (CN), Ciprofloxacin (CIP), Oxytetracyclines (TE), Erythromycin (E) and Sulfamethoxazole-trimethoprim (SXT)).
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Fig-4.2:  PCR products amplified using mecA gene specific primers of Methicillin-Resistant Staphylococcus aureus (MRSA).














Chapter-5
DISCUSSION
The principal objectives of this study were to isolate Methicillin-Resistant (mecA) gene of Staphylococcus aureus (MRSA) from Goat which has a widespread range of diseases in human and animal species and specially in goat responsible for respiratory infection, mastitis, skin infection and also chronic infections, clinical and subclinical infections. A total of 153 nasal swab samples from goats were collected during the period of February, 2023 to June, 2023 admitted at SAQTVH, CVASU for treatment and routine checkup. In order to determining the MRSA, samples were tested in various bacteriological media, biochemical procedures, antimicrobial susceptibility testing and also PCR for final confirmation. The prevalence of these bacterial isolates was also investigated in this study.
In this study, 4.58% nasal swab samples were positive to MRSA which was slightly lower than a previous study, where the prevalence was 7.3% (Moroz et al., 2020). The prevalence also relatively lower from a study in Tunisia (Gharsa et al., 2015). These different carriage rates might be due to the different animal population studied or to the employed methodologies, among other factors. This study also revealed that 3.70% male goats and 5.05% female goats were infected by MRSA.
S. aureus was identified and characterized by morphology, cultural properties, biochemical tests and through PCR. Selective media mannitol salt agar was used to identify colonial properties of S. aureus. S. aureus produced characteristics yellow color colony with change in the media color in mannitol salt agar. Cultural, morphological, and biochemical results of S. aureus in this study were like the findings of (Saha et al., 2019), (Jahan et al., 2014) and (Das, 2012). According to their study, S. aureus produced yellowish colony on MS agar, cluster of grapes like arrangement of gram-positive cocci under microscope and catalase positive on biochemical test which was similar to our study. 
In this study, 5% bovine blood was used to prepare blood agar due to limitations of sheep blood collection and all the S. aureus isolates produced β hemolysis on blood agar which is supported by the study of (Saha et al., 2019). Staphylococcus aureus isolates showing resistance to oxacillin and cefoxitin were primarily considered as MRSA (Broekema et al., 2009). Only phenotypically resistant isolates were further investigated for the presence of mecA gene by PCR, as described by (Larsen et al., 2008). 
It is noteworthy that most of the antimicrobials prescribed for goat were the broad-spectrum compounds, cephalosporins, extended spectrum penicillin’s, sulphonamides and trimethoprim, which is much in contrast to human medical practice. Antibiotics are commonly used in the treatment of respiratory infection, pyoderma, ear infections, wound infections, gastroenteritis and urinary tract infections in goat. In recent years certain infections, such as respiratory infections, skin infection, pyoderma and enteritis can be long standing problems that may predispose for development of resistance due to repeated or prolonged antimicrobial treatment. Some antibiotic which are commonly used in both goat and human which also enhances the antibiotic resistance.  
Methicillin-Resistant Staphylococcus aureus (MRSA) isolated in this study was sensitive to Sulfamethoxazole-trimethoprim (SXT) (85.71%). The result is nearly similar to a previous study which is 87.23% (Nsofor and Patience, 2019).
In the present study, the isolates showed 42.86% resistance to Ampicillin, which is closely similar to a previous study where Methicillin-Resistant Staphylococcus aureus (MRSA) showed 40.43% resistance to Ampicillin (Nsofor and Patience, 2019).
The resistance to oxytetracycline was 42.86% in this study. Nearer to these results were obtained in a study (Egyir et al., 2020) where 44% resistance to tetracycline was found. The resistance to Ciprofloxacin was 28.57% in this study which is slightly higher than a found study (Omoshaba et al., 2020). 
This study showed 14.29% resistance to Ceftriaxone (CRO) and also 14.29% resistance to Gentamicin (CN) which is closely related to a study (Vitale et al., 2019). Therefore, it can say that, the epidemiology of mecA gene of Methicillin-Resistant Staphylococcus aureus (MRSA) may vary country to country or region to region. For this reason, it also seems that the epidemiology of mecA gene of Methicillin-Resistant Staphylococcus aureus (MRSA) may vary according to the environmental conditions.

It is a matter of serious concern that these multidrug resistant bacteria can infect goat owners, handlers and even other people who come to close contact of goats and/or of their excretions. If this happens, it could be very difficult to treat the patients with these antimicrobial agents. Therefore, indiscriminate use of antimicrobial agents should be stopped immediately for the betterment of humankind and checking the emergence of AMR among both Gram-positive and Gram-negative bacteria on regular basis is important to select suitable and effective antimicrobials for therapeutic applications and to control the further spread of resistant pathogens. A proper legislation protocol should be implemented for the use of antibiotic in different species of animals.
















 
Chapter-6
CONCLUSION

This study was conducted to evaluate the prevalence of nasal carriage of S. aureus, to assess the antimicrobial resistance pattern of S. aureus isolated from goat and also to detect the methicillin-resistant S. aureus (MRSA) from goats. From nasal swab samples 20.92% Staphylococcus aureus were found to be positive for in all cultural and biochemical tests respectively. And in PCR against mecA primer, there were found Methicillin-Resistant (mecA) Staphylococcus aureus (MRSA) was present at the proportion of 4.58% in case total (N=153) samples and was present at the proportion of 21.88% in case of only cultural and biochemical test positive samples. Antibiotic sensitivity pattern was observed with all the positive isolates of bacteria. Each of the bacteria has shown different pattern of sensitivity to antimicrobials. The study was disclosed to identify the prevalence of Methicillin-Resistant (mecA) Staphylococcus aureus (MRSA). It was shown that, antibiotic resistant bacteria were isolated from goats indicating random uses of antibiotics or it might be cross infection from the environment. An important public health issue is the excessive and frequent use of antibiotics connected with development, carriage, and the spread of antibiotic resistant bacteria from food animals to human. Therefore, awareness against random and excessive uses of antimicrobials in food animals would be helpful to reduce the spread of multidrug resistant bacteria.  









Chapter- 7	

RECOMMENDATIONS AND FUTURE STUDY


Recommendations:
1. Awareness should be built against random and excessive uses of antimicrobials.
1. Veterinarians are advised to be more rigorous when approaching food animals which are potential zoonoses and remain very close to human. 
1. Both suspected and infected goats should be isolated from the rest of the other to ensure the prevention of transmission.

Future Study:

1. As it is a pilot study experienced only in Chittagong metropolitan area, it can be performed other areas of Bangladesh to observe the antibiotic sensitivity in goats.
1. The isolated organisms of the study have zoonotic significant. So further study can be done by taking swab from human who are closely related with the food animals and observe the sensitivity of antimicrobials and identify the resistant genes.
1. To observe the pattern of colonization of these organisms from goats to human.
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Appendix   
A questionnaire to collect nasal swab sample from goat.
(Part of MS thesis on “Nasal carriage of Staphylococcus aureus”.)
Date:                                                                                    Sample ID:
A. Owner Information:   
1. Owner Name:......................................................
2. Address:..............................................................
3. Age:...................Years
4. Sex: M/F
5. Mobile No.:........................................................
B. Patients Information:
1. Species: Goat
2. Age: ...............Months/Years
3. Sex: M/F
4. Breed: BB/JP/Local/Cross
C. Clinical History:
1. BCS:.........................
2. Vaccination: Yes/No
3. Name of Vaccine & Date of Vaccination:........................
4. Deworming: Yes/No
5. Name of Anthelmintic:....................................................
6. Feeding history: Roughage/Concentrate/Both
7. Rearing System: Intensive/Semi-intensive/Free grazing
D. Clinical Signs: 
1. Temperature:...................................................................
2. M/M:...............................................................................
3. Dehydration:...................................................................
4. Coughing: Yes/No
5. Respiratory Distress: Yes/No
6. Nasal Discharge: yes/No
E. List of treatment Given:
1. .....................................................................................
2. .....................................................................................
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