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ABSTRACT

Staphylococcus aureus is a gram positive, non-motile, non-spore-forming bacterium. Pathogenic staphylococci are identified by their ability to produce coagulase, thus clot the blood. It is found as a commensal associated with skin, skin glands, and mucous membranes. The study aimed to determine prevalence and characterization of LA-MRSA isolated from domestic livestock of Dharan, Nepal. Overall, 320 samples were collected and transported to the microbiology lab in the cold chain. The skin of cattle was swabbed aseptically by a sterile cotton swab and transported to the laboratory in a cold chain. The samples were swabbed in Mannitol salt agar containing oxacillin powder of 6mg/L and incubated at 37°C for 24 hours. Staphylococcus aureus colonies were identified based on growth characteristics on MSA plates (golden yellow colonies), Gram’s stain and positive results for coagulase and catalase test. The purified isolates of MRSA were subjected to antibiotic susceptibility tests, Biofilm formation assays. MRSA was found to be prevalent in 10% of cattle. Antibiotic resistant pattern of the isolates were found to be sensitive to chloramphenicol 12 (37.5%) followed by ceftriaxone 12 (37.25%), gentamycin 9 (28.12%), cefotaxime 4 (12.5%) while MRSA was resistant to penicillin and vancomycin. The biofilm forming ability of isolated MRSA was performed by microtitre plate method. 5 (15.625) of 32 MRSA isolates were moderate biofilm forming MRSA., followed by 3 (9.375%) week biofilm formationa and 25 (75%) were non biofilm forming isolates. High prevalence of staphylococcal infections and the infection caused due to MRSA in humans as well as cattles shows the need of regular surveillance.
Keywords: LA-MRSA, Antibiotic Susceptibility test, Biofilm
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CHAPTER I
 INTRODUCTION

1.1
Background

Staphylococcus is a common bacteria found in healthy animals and human mucous membranes and skin. It can also act as an opportunistic pathogen, producing illnesses in both animals and humans. Resistance to the antibiotic methicillin because of its extensive resistance to numerous medications, the Staphylococcus aureus (MRSA) bacteria is a well-studied and important medicinal organism. MRSA, or methicillin-resistant Staphylococcus aureus, has become a major public health concern in both human and veterinary medicine. Methicillin-resistant Staphylococcus aureus are strains of S. aureus that are resistant to (-lactam drugs (MRSA). MRSA's rise has been linked to antibiotic overuse. MRSA was initially discovered in cattle in 1972. Many papers describing MRSA in cattle have been published since then. MRSA causes incurable intra-mammary infections and skin problems in cattle. It can induce deep-seated infections like endocarditis and osteomyelitis in extreme situations. MRSA gained zoonotic significance when scientists proposed that cattle might serve as reservoirs for human MRSA infection (Joshi and Devkota, 2014).

MRSA, or methicillin-resistant Staphylococcus aureus, has been detected in animals such as cattle, pigs, and poultry. Because many of the MRSA clonal lineages found in livestock were uncommon in MRSA isolates previously found in human hosts, the term "livestock-associated MRSA" (LA-MRSA) was coined to distinguish these MRSA from the more common human hospital-acquired (HA-MRSA) and community-associated MRSA (CA-MRSA) (Kock et al, 2013).
Antimicrobial responsiveness may differ across livestock-associated multidrug-resistant Staphylococcus aureus (LA-MRSA) pathovars with distinct genetic profiles, resulting in lower treatment susceptibility but enhanced pathogenicity. The incidence of various LA-MRSA pathovars with distinctive genomic and metabolomics profiles among three animal species in different epidemiological situations in Egypt was studied. (Asian journal of epidemiology, Livestock linked Staphylococcus aureus).
S. aureus has the capacity to produce a wide array of virulence factors and causes various pyogenic infections, food poisoning, and toxic shock syndrome. S. aureus possesses a large number of cells associated with extracellular factors that overcome the body’s defense system and invade, survive, and colonize the tissue. The organism possesses such virulence factors that oppose destruction by the components of innate immunity, i.e., complement and phagocytosis (Bailey and Scott, 2007). Infection by pathogenic organism is mediated by loss of host immune reaction and even due to trauma. 

The human skin harbors many microorganism like Staphylococcus aureus, Staphylococcus epidermidis, candida, etc. infection is the result of invasion of pathogen by crushing the host barrier. S. aureus is best known organism meant for bacterial infection of wound and tissue. It is even known significant in terms of nosocomial infection. The pathogenicity of S. aureus is related with severity of the skin, tissue, bone, respiratory system, etc. In today’s era the MRSA is the major global concern because of its wide resistance to different antibiotics. Biofilm producing infections are life threatening infection because of its multi-drug resistance and resistance to biofilm on the action of antibiotics. MRSA produces biofilm and are significance in medical science. Biofilm are aggregated microbial population embedded themselves in extracellular matrix of exo polysaccharide which are self-produced. Bioflim formation in S. aureus is regulated by expression of polysaccharide intracellular adhesion (PIA) which mediates cell to cell adhesion (Ammendolia 1999).
Staphylococcus aureus is an opportunistic pathogen that can cause serious disease in humans, ranging from skin and soft tissue infections to invasive infections of the bloodstream, heart, lungs, and other organs. It is frequently carried asymptomatically on the skin and in the anterior nares. A 2003-2004 survey found that approximately 30% of the U.S. population was colonized by S. aureus, and approximately 1.5% of the U.S. population was found to carry methicillin-resistant S. aureus (MRSA). The epidemiology of MRSA has been evolving since its initial outbreak which necessitates a comprehensive medical approach to tackle this pathogen.in the last 10 years or so newer anti –MRSA antibiotics were approved for clinical use. However, being notorious for developing antibiotic resistance, there is continuous need for exploring novel anti –MRSA agent from various sources including plants and evaluation of non – antibiotic approaches. Because alternative treatment are limited, development of resistance to vancomycin can make treatment of MRSA infection increasingly difficult (Finks et al, 2009).
It is necessary to note that S.aureus is naturally susceptible to all antimicrobials, but it is also exceptional efficient in developing resistance. The first strains of antimicrobial resistance S.aureus were observed shortly after the introduction of penicillin for clinical use (Kirby ,1994 ). These strains became resistant to penicillin by producing a plasmid –encoded penicillinase, called beta lactamase that can break down the beta lactam ring of penicillin, making it ineffective (Chambers and Deleo,2009). MRSA are usually multidrug resistance and it has created many problems in antibiotic therapy since last decade. In 1961, the first Methicillin resistance Staphylococcus aureus (MRSA) were identified ( Barber, 1961).
MRSA is one of the most serious diseases in the human community, but there is evidence that it also poses a serious threat to animals such as cows, goats, cats, and other living creatures. It can be transmitted from animals to humans by direct touch or dust in the colonized animals' habitat. It can stay alive for a long time in the dust. Different antibiotics, such as oxacillin and methicillin, have developed resistance. In most cases, S. aureus produces a skin infection, resulting in a pus-filled wound. It can be life-threatening at times. 
(Devriese et al ,1972) first isolated bovine MRSA from Belgium. In many European countries bovine MRSA has been reported with various rate of prevalence. There seems low prevalence in bovine in Swizerland. Similarly rate of prevalence in Germany is 16.7% and 0.4% in Hungary (Juhasz-Kaszanyitzky, 2007). Bovine MRSA has also been reported in different states of USA. However, prevalence rate of 0.6% in Michigan (Erskine et al 2002), 1.8% in Wisconsin (Makovec and Ruegg, 2003) has been reported. MRSA has been isolated from nasal swab of cattle and calves.  Some of the Asian countries have also reported the occurance of bovine MRSA Pu et al (2014) reported 47.6% in China. Similarly, the prevalence rate in Korea is 6.3% (Lim et al, 2013). 13.1% in India (Kumar et al, 2011). 
(Spohr et al ,2011) found MRSA 5 out of 7 cows and in 4 out of 7 from nasal swabs in Germany. (Graveland et al, 2008) reported the colonization of MRSA in veal calves in Netherland. LAMRSA CC938 was considered only strain responsible for animal infection. But Garcia- Alvarez et al 2011 discovered a divergent MRSA with prevalence of 2.8% in UK. Panton –valentine leukocidin (PVL) is a cytotoxin that is associated with the increased virulence of S. aureus. 
In last few decades staphylococcal food poisoning has been reported as the third cause o food borne illness in the world (Ateba et al, 2010). Moreover antibiotic –resistant S. aureus pose several challenge to both veterinary and health profession and dairy cattle producers because they have negative impact on therapy (Brouillette et al, 2005).
Antibiotic resistant staphylococcus aureus isolates impose a challenge to both veterinary and health professions and dairy cattle producers. (Girmay et al, 2020) found out of 220 dairy cows 29.08% were positive for bovine mastitis. Out of which 32.81% were coagulase positive S. aureus. antibiogram test showed 100% of the isolates were resistant to penicillin and ampicillin, (33.33%) showed resistant to oxacilin.
The completion of this study and the result impose for the avoidance of unnecessary contact with their cattle and to undertake proper hygienic precautions and also minimize indiscriminate use of a antibiotics to prevent the development of staphylococcal bacterial resistance. It also helped veterinary and medical personnel to be aware of MRSA infection occurrence in animal. Similarly, it also provides the information to avoid the use of antibiotic without doctor prescription as well as encourages owner for regular checkup and proper vaccination for cattle. As a result, the goal of the study was to determine the prevalence of livestock-associated MRSA, which might explain its pathophysiology.
1.2 Objectives

1.2.1 General objectives

· To study the prevalence and characterization of livestock-associated methicillin resistant Staphylococcus aureus (LA-MRSA) in domestic livestock of Dharan, Nepal.
1.2.2 Specific objectives

· To isolate and identify live-stock associated methicillin resistance S. aureus (LA-MRSA) from the household cattle.
· To study the Biofilm production of LA-MRSA.

· To study the antibiotic susceptibility test of LA-MRSA.
CHAPTER II
 LITERATURE REVIEW

2.1
Staphylococcus aureus

Staphylococci are gram-positive bacteria that are non-motile and do not produce spores. The capacity to manufacture coagulase, which clots the blood, distinguishes pathogenic staphylococci (Harris et al, 2002). In the genus Staphylococci, Staphylococcus aureus is one of the most researched bacteria. S. aureus is a pathogen as well as a commensal. It resides in the skin, skin glands, and mucous membranes as a symbiotic. Skin, soft tissues, the circulation, and the lower respiratory tract are all affected by S. aureus. Endocarditis and osteomyelitis are two serious, deep-seated infections caused by it (Schito, 2006).

MRSA in animals has been documented seldom since then, primarily in companion animals, and it is believed to have originated in humans. They discovered a novel lineage of MRSA in 2005, sequence type (ST) 398, which belongs to the clonal complex (CC) 398 and is connected with cattle and capable of colonizing humans. MRSA linked to livestock (LA), notably CC398, has now been found in horses, cattle, and poultry all across the world. In Europe, LA-MRSA has been found in pigs, poultry, and cattle in a variety of nations, with only sporadic reports from the United Kingdom. With recent reports of horses, cattle, poultry, pigs, and pork meat products, the number of cases of LA-MRSA in agricultural animals in the UK is rapidly growing.

This increase in the number of cases points to the progressive development and evolution of LA-MRSA epidemiology in UK cattle. Direct contact with livestock has been found to transmit LA-MRSA from animals to people. LA-MRSA colonization in humans is uncommon, asymptomatic, and typically transitory. If an infection occurs in an immune-compromised person, however, it may be difficult to cure with common antibiotics like penicillin. As a result, determining the virulence and antimicrobial potential of these infections now circulating in the UK is critical to ensuring that antibiotics are still effective if treatment is necessary (Sharma et al, 2016).

MRSA belonging to Clonal Complex (CC) 398 (CC398) has been found in cattle since 2003, and this CC is by far the most common MRSA found in animals (LA-MRSA). CC398 is currently being detected in a variety of nations throughout the globe. Between 2001 and 2006, the introduction of cattle produced a significant increase in MRSA incidence in people in the Netherlands. The effective continuation of the Search and Destroy approach requires the identification of risk factors and understanding of LA-MRSA persistence in people. 
We have discovered that veal farmers (30%) and their family members (10%) had a significant frequency of MRSA. MRSA colonization in humans was linked to the intensity of animal interaction and the presence of MRSA in calves (Brigitte et al, 2011).

2.2 Classification of Staphylococci

Staphylococci can be classified in various ways depending on their characteristics pigment production, coagulase production and several other biochemical properties.

2.2.1
Classification on the basis of pigment production

· S. aureus producing golden yellow colonies and are pathogenic.

· S. albus producing white and are non-pathogenic

· S. citreus producing yellow colonies and are non- pathogenic. (Source: Anantha narayan and Panikar,1986)

2.2.2
Classification on the basis of coagulase production

Coagulase positive: S. aureus
Coagulase negative: S. epidermis, S. saprophyticus etc.
2.3
Morphological and Cultural Characteristics

S. aureus is approximately 1 µm in diameter and divides to form the clusters characteristic of the genus. In liquid media, singles, pairs and short chain are also seen. Colonies appear smooth, convex, raised, glistening, circular and sharply defined on blood agar plates when grown at room temperature 20°Cto25°C (Lowy, 2003). The colonies are gold pigmented due to carotenoids Staphyloxanthin, which responsible for the characteristic golden color of S. aureus colonies. S. aureus usually forms grey to deep golden yellow colonies.
This gold pigment act as a virulence factor, being as a bacterial antioxidant which helps the microbe escape the reactive oxygen species which the host immune system uses to kill pathogens, but this may not be apparent under certain conditions, such as anaerobic conditions or in liquid medium (Waldvogel et al, 2000).

S. aureus ferments mannitol as well as it can tolerate high salt concentration and hence on the selective media like mannitol salt agar (MSA) which contains mannitol 1% and sodium chloride 7.5% with phenol red as indicator of acid production, It forms 1mm diameter yellow colonies surrounded by yellow medium due to acid formation. On MacConkey or CLED agar, it acquires the appropriate colour of the indicator, depending on whether or not the particular strain ferments lactose. However, the colonies formed on the media are very small (pinheadsize) (Cole et al, 2014).

2.4
Biochemical Characteristics

Staphylococcus aureus is a chemo organotroph with a respiratory and fermentative metabolism. Under aerobic conditions, acids are produced from glucose, lactose, maltose and mannitol while under microaerophilic conditions, acids are produced from many other sugars and alcoholic sugars (Fuchs et al, 2007).

Most S. aureus strains hydrolyze native animal proteins (casein, gelatin, and fibrin), lipids, phosphor lipoproteins and tween. They also coagulate animal plasma which is mediated by a coagulase and clumping factor (Harris et al, 2002).
A positive catalase reaction is also produced by this species, this enzyme allows the bacteria to better resist intra- and extra-cellular killing by hydrogen peroxide (Gruner et al, 2007). The Staphylococcal cell wall is resistant to lysozyme and sensitive to lysostaphin (restriction endonuclease), which specifically cleaves the pentaglycin bridges of Staphylococcus species (Of & Techniques,2012).
2.5
Virulence factors and pathogenesis

Virulence factors are the weapons for the bacteria which help to establish them at certain habitat as well as them to combat with the host defense mechanism. It appears that S. aureus has gained about 300,000 DNA base pairs. Many of which are factors that lead to its pathogenicity and ability to avoid the body´s defense system (Seifert & DiRita, 2006). 

Virulence seems to commonly arise via mechanisms of conjugation, pathogenicity island transfer, bacteriophage, insertion and loss of metabolic coding information. In addition, pathogenicity is land via conjugation have been transferred from other bacteria adding new virulence factors. 
The most significant lateral transfer appears to be the addition of chromosomal DNA cassettes (pathogenicity islands) from neighboring bacteria (Seifert & DiRita, 2006).

S. aureus expresses many potential virulence factors and for the majority of diseases caused by S. aureus, pathogenesis is multifactorial. So, it is difficult to determine precisely the role of any given factor. 
However, there are correlations between strains isolated from particular diseases and expression of particular virulence determinants which suggests their role in particular disease (Foster, 1996). Some virulence factors associated with S. aureus infections can be categorized the following headings (Foster 1996).
2.5.1 Surface proteins that promote colonization of host tissues
S. aureus expresses surface proteins that promote attachment to host proteins such as laminin and fibronectin that form the extracellular matrix of epithelial and endolethelial surfaces. In addition, most strains express a fibrin/fibrinogen binding protein (clumping factor) which promotes attachment to blood clots and traumatized tissue. Moreover, an adhesion that promotes to collagen has been found in strains that cause osteomyelitis and septic arthritis. Interaction with collagen may also be important in promoting bacterial attachment to damaged tissue where the underlying layers have been exposed.
2.5.2 Invasins that promote bacterial spread in tissues

These includes staphylokinase, hyaluronidase, lipase, deoxyribonuclease, phosphatase etc.

a. Staphylokinase

Many strains of S. aureus express a plasminogen activator called staphylokinase. This factor lyses fibrin, hence also called fibrinolysin, as it forms a complex and causes dissolution of fibrin clots by its proteolytic activity, it serves as a spreading factor.

b. Hyaluronidase

This is another enzyme that helps in spreading of the organisms from the localized part to surrounding tissues. Its acts mainly on the hyaluronic acid and breaks down the connective tissue of host.

S. aureus can also express proteases, a lipase and a deoxyribonuclease(Dnase), However, these enzymes provides basically the nutrients for the bacteria and play a very minor role in pathogenesis.

2.5.3 Surface factors that inhibit phagocytic engulfment:

a. Capsular polysaccharide

The majority of clinical isolates of S. aureus express a surface polysaccharide. However, this capsule is distinct from the surface carbohydrate involved in adherence and biofilm formation. This has been called a microcapsule because it can be visualized only by electron microscopy unlike the true capsules of some bacteria which are readily visualized by light microscopy. The function of the capsule in virulence is not entirely clear. However, it does play some role in antiphagocytic activity.

b. Protein A

Protein A is surface protein covalently bound to the peptidoglycan layer and found more than 90%of S. aureus strains. It binds to the Fc portion of the IgG molecules expect IgG3, preventing specific antibodies from binding to the bacteria and hindering Fc-mediated opsonization.

2.5.4 Biochemical properties that enhances their survival in phagocytes

a. Catalase production

Catalase is an enzyme that splits H2O2 to H2O and O2. H2O2 is a toxic substance produced inside the phagocytic cells during phagolysosome formation. Catalase producing organisms, hence skip from the toxic substance produced by phagocytic cells and can survive.

2.5.5 Membrane- damaging toxins that lyse eukaryotic cell membrane
a. Alpha toxin (alpha- hemolysin)

It is the best characterized and most potent membrane- damaging toxin of S. aureus. It is expressed as a monomer that binds to the membrane of susceptible cells. Subunits then oligomerize to form heptameric rings with a central plate through which cellular contents leak. 

Also, by inducing cellular damage that triggers cytokine production alpha toxin might contribute to shock. Alpha toxin is also called alpha- hemolysin because it can lyse red blood cells. Some strains of S. aureus also produce other toxins –beta toxins, gamma toxin, delta toxins. These toxins can damage membranes of cells other than red cells and may well have a role similar to alpha toxin.

b. leucocidin

Leukocidin is a multicomponent protein toxin produced as separate components which act together to damage membrane. Leukocidin forms a hetero- oligomeric transmembrane pore composed of four LukF and four LukS subunits, thereby forming an octameric pore in the affected membrane.

2.6
Diseases due to Staphylococcus aureus infection

Staphylococcus aureus is an important versatile pathogen of humans and animals and causes a wide variety of diseases which may be in severe from as slight skin infection to more severe diseases such as pneumonia and septicemia (Lowy, 2003). The ecological niches of S. aureus are the anterior nares (Kluytmans et al, 1997). S. aureus has been associated to subclinical mastitis since it is present on the skin and mucosae of food-producing animal reservoirs, such as ruminants (Jablonsky & Bohach, 1997). In general, S. aureus causes two forms of disease:

a. Acute inflammation that usually begins at or near the site of entry of the organisms to the tissue. In most instances it is relatively mild and localized but at time spreads widely by direct extension and occasionally leads to generalized infections.

b. Acute toxemia that results from the absorption of extracellular products formed by staphylococci multiplying at a lesion site, a carrier site or outside the body.

Broadly, the diseases caused by S. aureus can be on both animals and humans and is categorized under the following headlines:

2.7
Infection due to S. aureus
2.7.1
Human infection due to S. aureus
a. Cutaneous Infections

These include wound and burn infection, pustules (small cutaneous abscesses), furuncles or boils (large cutaneous abscesses), carbuncles, styes, impetigo and pemphigus neonatorum (Forbes et al, 2007)

b.Impetigo

This contagious infection usually occurs on the face, especially around the mouth. Small vesicles lead to pustules, which crust over to become honey coloured, wet and flaky (Forbes et al, 2007).

c. Cellulitis

Cellulitis involves the subcutaneous tissue which is caused by S. aureus (Hook et al, 1986). There is usually a background of; the most common portal of entry is the Tinea pedis which is associated with leg cellulitis. Chronic edema, lymphangitis and dermatitis also can occur. Local abscesses, necrotizing fasciitis, and septicemia may occur due to S. aureus (Forbes et al, 2007).

d. Wound infections

Any skin wound can be infected with Staphylococcus aureus, resulting in an abscess, cellulites or both. When a sutured post-surgical wound becomes infected, it must be reported and treated (Forbes et al, 2007).

e. Abscesses: These can occur in any organ when the organism circulates in the bloodstream. These abscesses are often called metastatic abscesses because they occur by the spread of bacteria from the original site (Forbes et al, 2007).
2.7.2 Deep Infections

These include: osteomyelitis, periostitis, tonsillitis, pharyngitis, sinusitis, bronchopneumonia, empyema, septicemia, meningitis, endocarditis, breast abscesss, renal abscess and abscesses in other organs (Forbes et al, 2007).

a. Pneumonia

S. aureus is a rare but severe cause of community acquired bacterial pneumonia. Pneumonia is more common in hospitalized patients (Kowalski et al, 2005). Pneumonia is more commonly seen in postoperative patients or following viral respiratory infection especially by influenza virus. The violent, destructive, necrotizing pneumonia frequently causes effusions and emphysema. In community, pneumonia cases primarily occurred in children, but older age groups may be affected (Francis et al, 2005).

b. Osteomyelitis

This bone infection usually occurs in boys under 12 years of age. The infection spreads to the bone hematogenously, presenting locally with warm, swollen tissue over the bone and with systematic fever and shakes (Fridkin et al, 2005).

c. Septic arthritis

Invasion of the synovial membrane by S. aureus results in a closed infection of the joint cavity. Septic arthritis should be treated immediately because collected pus can rapidly cause irreparable cartilage damage. Therapy requires drainage of the joint and antimicrobial therapy (Fridkin et al, 2005).

d. Acute Endocarditis
It is generally associated with intravenous drug abuse and is caused by injection of contaminated preparation or by needles that are contaminated with S. aureus. 
It causes destructive infection of heart valves with the sudden onset of high fever, chills and myalgia. Intravenous drug users usually develop a right-sided tricuspid valve endocarditis (Vandenesch et al, 2003).

e. Meningitis, Cerebritis and brain abscess

Patient with these diseases show symptoms like high fever, stiff neck, headache, coma and focal neurological signs (Levinson and Jawetz., 1996).

f. Septicemia
It can be originated from any localized lesion, especially wound infection or as a result of intravenous drug abuse (Gonzalez et al, 2005).

2.7.3
Animal diseases due to S. aureus
a. Mastitis

Mastitis is defined as the `inflammation of the mammary gland. Mastitis is an inflammation of the mammary gland or udder. Mastitis in dairy cows is caused by udder infections, usually resulting from bacteria introduced either during the milking process or from environmental contact. It is associated with various forms of sub clinical and clinical mastitis in cattle. Classically, mastitis pathogens have been classified as either contagious or environmental (Blowey & Edmondson, 2010). Staphylococcus aureus is one of the most common pathogens responsible for contagious mastitis in ruminants. In essence, the contagious pathogens can be considered as organisms adapted to survive within the host within the mammary gland and established sub-clinical infections. Whereas the environmental pathogens are opportunistic invaders of the mammary gland, not adapted to survival within the host; they `invade', multiply, engender a host immune response and are rapidly eliminated. The severity of the disease is then thought to be influenced in part by the speed of the immune response, in particular polymorphonuclear cell migration into the udder (Hill,, 1991).
b. Suppurative disease

It is the inflammation of central nervous system causing mortality in high numbers. It is most frequent in cattle. Inflammatory neurological disease such as listeriosis, suppurative leptomeningitis and meningoencephalitis, cerebral and spinal cord abscesses, and neuro tuberculosis may occur.

2.7.4 Toxin- mediated disease
a. Staphylococcal food poisoning: It is one of the most common foods borne illness. It is an intoxication rather than infection, caused by heat and protease stable enterotoxin. It is characterized by acute onset of nausea and vomiting, sometimes followed by diarrhea (Le Loir et al, 2003).
b. Toxic shock syndrome (TSS): It is a disease caused by toxin which is produced by S. aureus. Some of the Symptoms include diffuse macular erythema which is followed by desquamation, especially of palms and soles. Staphylococcal TSS is typically associated with tampon use (Shands et al, 1980).
c. Staphylococcal scalded skin syndrome (SSSS): Humans are the natural reservoir of S. aureus. S. aureus may cause toxin mediated disease including Staphylococcal scalded skin syndrome. Symptoms include fever, skin tenderness, and erythema localized primarily to exural areas (Resnick, 1992).
d. Biofilm and adherence

Staphylococcus aureus has the capacity to adhere to catheters and other indwelling medical devices and form biofilm on polymeric surfaces. This ability depends on the production of polysaccharide intercellular adhesin (PIA) encoded by the intercellular adhesion gene cluster icaADBC (Cramton et al, 1999). 
The polysaccharide intercellular adhesion is composed of linear β-1, 6-linked glucosaminylglycans. It is synthesized in vitro from UDP-N-acetylglucosamine by the enzyme N-Acetylglucos aminyl tranferase, which is encoded by the intercellular adhesion (ica) locus, in particular by the icaAgene. Sole expression of icaA induces only low enzymatic activity, but co-expression of icaA with icaD leads to a significant increase in activity and is related to phenotypic expression of the capsular polysaccharide (Gerke et al ,1998).

The initial attachment of staphylococcal cells to a biomaterial is followed by bacterial accumulation and the formation of a mature biofilm (Gotz , 2002). Established biofilm can tolerate antimicrobial agents, and are extraordinarily resistant to phagocytosis, making biofilm extremely difficult to eradicate (Lewis, 2001).

2.8 Methicillin Resistance Staphylococcus aureus

MRSA strains (Methicillin-resistant Staphylococcus aureus) are S. aureus bacteria that have developed resistance to all Beta-lactam drugs. MRSA has gained a lot of interest as a zoonotic organism in recent years, when research revealed that animals might serve as reservoirs for human MRSA infection (Joshi et al , 2014). In the 1970s, MRSA was discovered in a veterinary environment after drug-resistant isolates from cattle were discovered in Belgium (Devriese et al, 1972). Later, resistant bacteria were recovered from dogs, pigs, horses, poultry, and cattle, among other species. MRSA strains have been found to be transmitted from animals to people, according to scientists (Markey et al, 2008).

MRSA is a Staphylococcus aureus strain that has gained the mecA or mecC gene, rendering it resistant to most beta-lactam antibiotics. MRSA is divided into three categories. Hospital-acquired MRSA (HA-MRSA) was first detected in the late 1980s and remained the most common cause of MRSA infections until the mid-1990s, when community-acquired MRSA (CA-MRSA) appeared. In the Netherlands, the first case of livestock-associated MRSA (LA-MRSA) in people was discovered in 2005.

	2.9 Classification of MRSA
	

	Taxonomy
	Name

	Domain:
	Bacteria

	Kingdom:
	Eubacteria

	Phylum:
	Firmicutes

	Class:
	Baccilli

	Order:
	Bacillales

	Family:
	Staphylococcaceae

	Genus:
	Staphylococcus

	Species:
	Staphylococcus aureus

	Subspecies: Methicillin-resistant Staphylococcus aureus


(Source: Bergey's Manual of Determinative Bacteriology, 1939)
2.10
Types of MRSA

2.10.1
LA-MRSA: 
For the first-time livestock associated MRSA (LA-MRSA) was described in 2005. It is an emerging problem in many parts of the world. The LA MRSA which apparently emerged in European pigs. Asymptomatic colonization is common although it can cause variety of human and animal infection including fatal courses.

LA-MRSA, like other S. aureus strains, is an opportunistic infection that colonizes the anterior nares in humans. Only a small percentage of people who are exposed to LA-MRSA become carriers, and the majority of those who do are asymptomatic carriers. However, in individuals who are vulnerable, LA-MRSA can cause a wide range of illnesses, from minor skin and soft tissue infections to more serious illnesses including pneumonia, meningitis, and septicemia.

The majority of those found to be carriers of LA-MRSA were agricultural laborers, veterinarians, or members of families with farm workers or veterinarians. Direct animal contact, direct exposure to air within the barns, or indirect animal contact through close contact with humans who have direct animal contact are thought to be the major routes of transmission (Sorensen et al, 2017).
2.10.2
Hospital-acquired MRSA (HA-MRSA): 
It is an infection picked up by a patient who is admitted to the hospital for an unrelated problem and subsequently becomes infected by methicillin resistant Staphylococcus aureus from a hospital source secondary to their initial health care issue (David et al, 2010).

2.10.3
Community-acquired MRSA (CA-MRSA)

Cases of MRSA documented in healthy community dwelling persons without established risk factors for MRSA acquisition is referred to as community the 1990s, the first case of MRSA were seen in people who were not hospitalized in Australia, followed by USA and is now highly prevalent worldwide (Ottor et al, 2010). The CA-MRSA infects healthy individuals without any health care contact; harbors smaller and more mobile SCCmectypes (IVandV), is usually Panton-Valentine leucocidin (PVL) positive, susceptible to non-β-lactam drugs and typically manifests as skin and soft tissue infections.
2.11
Sources and transmission of MRSA
MRSA is primarily transmitted from person to person by direct contact, usually from the hands of an infected or colonized individual. It can also be transmitted by sharing towels, personal hygiene items, athletic equipment, clothes, and public used bath and used equipment. Droplet-borne transmission is less common but may be important in patients with trachea stomies who are unable to control their secretions. Person with pneumonia in close contact with others can transmit MRSA by coughing up large droplets of infectious particles. MRSA can colonize the skin, nose, blood and urine. Colonized domestic pets such as horses, pigs can also act as source of transmission (Voss et al, 2005).

2.12
Mechanism of resistance

Unlike penicillin resistance that results from a plasmid encoded enzyme (β- lactamase), methicillin resistance is genetically and biochemically complex and mediated by staphylococcal cassette chromosome (SCCmec), a mobile genetic element encoding for an altered penicillin-binding protein (PBP2a, mecA) with decreased affinity to β-lactams (Gordon et al, 2008). 
The mecA gene is a component of a large DNA fragment designated mecDNA, which is located at the specific site of the S. aureus chromosome and has been suggested to be transmitted from other bacterial species (Hiramastu et al,1996). 
It is hypothesized that removal of the repress or function for mecA is a pre-requisite for constitutive expression of methicillin resistance in S. aureus with mecDNA. Indeed, the deletion of mecI or point mutation in the mecI gene has been found in a number of methicillin resistant staphylococci isolates. In some strains, point mutations were detected in mecA promoter 19 region corresponding to a presumptive operator of mecA, i.e. the binding site of the repressor protein. Some strains of S. aureus over express β– lactamase and appear to be resistant to oxacillin and, rarely methicillin despite being mecA negative. They have slightly raised minimum inhibitory concentrations (MICs) and may thus be described as minimally resistant. 
Other strains express modified PBPs (notPBP2a) and exhibit varying degrees of β–lactam antibiotic resistance (Chambers, 1997). mecA is the primary determinant of intrinsic methicillin resistance but additional genes are required for a high-level resistance phenotype, besides other environmental factors (Petinaki, 2001).
To some extent, biofilm-associated infections with S. aureus are similar to those with S. epidermidis. However, the involvement of S. aureus usually requires more intensive care. Often, S. aureus biofilm-associated infections are difficult to treat with antibiotics and devices need to be replaced more frequently than those infected with S. epidermidis (Jones et al, 2001). 
In addition, they represent a reservoir of dissemination of S. aureus infection to other sites in the human body. In this regard, it is critical from a perspective of molecular pathogenesis, whether biofilm-forming S. aureus strains are genetically different from those involved in more serious infections, or – alternatively – whether they are in a different physiological status and might thus develop a more aggressive behavior when spreading within the body (Dolan et al, 2001). 
The ability of S. aureus to colonize and form biofilm on implanted biomaterials. Biofilm can form on almost any abiotic or biological surface. It is estimated that 65% of all human bacterial infection involve. (Smith et al 2008) From this study it has found that the majority of MRSA 53.8% and MSSA (43.5%) isolated form moderately attached biofilms. Fully established biofilms were formed by 20.5% of MRSA and 25.7% isolates formed negligible biofilms.

2.13 Laboratory diagnosis
2.13.1 Sample collection

Raw milk samples were collected asceptically from udder of cattles such as buffaloes and cows.

2.13.2 Sample transportation and storage

All the milk samples were kept in ice cube box and transported to the lab as quickly as possible. The samples were then stored in ice at 4°C until cultured on standard bacteriological media.

2.13.3 Microscopic examination

Direct microscopic examination may help in rapid assessment of the infections. Microscopic examination may be done by taking colonies from the agar plates. Microscopy of gram-stained smear slide shows the shape and arrangements of the bacteria. The shape and configuration of the gram-positive cocci helps to distinguish staphylococci from streptococci. Staphylococci are perfect spherical cells 1 um in diameter. 
The staphylococci grow in clusters because the cells divide successively in three perpendicular planes with the sister cells remaining attached to one another following each successive division. Since the exact point of attachment of sister cells may not be within the divisional plane and the cells may change position slightly while remaining attached, the result is formation of an irregular cluster of cells.

2.13.4 Bacterial culture and isolation:

Microscopic examination may not provide complete identification of any organisms and is not a confirmatory test. Study of cultural characteristics and different biochemical test is necessary for the complete identification of an organisms. For this, isolation of pure isolated colonies of that organisms are must.

Culture and isolation of any organism needs specific culture media as well as specific environmental conditions and required incubation time period. The media used may be selective or non -selective. Generally selective media is used to obtain the pure and isolated colonies of required organism. In case of staphylococcal infection non selective basal media like nutrient agar may be used whereas in case of mixed growth obtained, selective media like mannitol salt agar may be used. The milk samples were cultured on MSA and the plates were incubated aerobically at 37°C and examined after 24 h of incubation for growth of bacterial colonies.

2.13.5 Identification

For the complete identification of S. aureus, study of colony morphology on different agar plates as well as study of its biochemical tests is necessary.

a. Colony morphology

Colonies or non-selective media like blood agar or nutrient agar are seen 1-3mm in diameter. Colonies are smooth, convex, opaque and of butyrous consistency, sometimes surrounded by a narrow zone of haemolysis on blood agar. Older colonies become translucent and sticky. Occasional strains are encapsulated and their colonies appear slightly larger, convex and glistering. Pigmentation, which is characteristics of S. aureus can be seen when grown aerobically and ranges from cream through buff to gold.

On MacConkey or CLED agars, it acquires the appropriate colour of the indicator, depending on whether or not the particular strain ferments lactose. The colonies, however, on MacConkey are small as compare to those on NA or BA.

On selective media like Mannitol Salt Agar (MSA), colonies appear yellow surrounded by halo zone due to mannitol fermentation. On tellurite glycine agar, S. aureus forms black colonies due to tellurite reduction.

2.14 Biochemical test

a. Catalase test

This is used to test whether the organisms can produce the enzyme catalase or not. Catalase  producing organism splits hydrogen peroxide into water and oxygen and the gas evolves as bubbles. However, the release of bubbles should be observed within 10 seconds. False positive result may be seen if the culture is taken from blood agar plate or iron wire is used.3% H2O2 is used for this purpose.
b. Coagulase test

Coagulase  test is one of the identifying tests of S. aureus. It is the enzyme produced by S. aureus which causes plasma to clot by converting fibrinogen to fibrin. Two types of enzymes are produced by most strains of S. aureus: bound coagulase (clumping factor) and free coagulase.

c. Slide coagulase test

These rapid tests detect ‘bound coagulase’ (clumping factor). However, 15% of ordinary strains of S. aureus and many more of MRSA give negative reactions in them, and a few species of coagulase-negative staphylococci may give positive reactions. Hence, tube coagulase test is done as the definitive test.

The slide test is performed by making a suspension of culture in physiological saline. A drop of EDTA plasma is added. The mixture is stirred well and observed for clumping within 10 seconds (a positive reaction).

d. Tube coagulase test

This test is for free or extra cellular coagulase. It is one of the confirmatory tests of

S. aureus. All the staphylococci isolate that given negative slide coagulase test must be tested for tube coagulase. In this test, plasma is diluted using physiological saline in a test tube and to this pure culture or broth culture of organisms is inoculated. The tube is then incubated at 37° C for up to 4 hours and gel formation is observed at interval of 30 minutes. The incubation temperature may be increased up to 18- 24 hours.

e. Oxidation fermentation (O/F) test

The test is used to differentiate whether the organisms is oxidative and can oxidize carbohydrates aerobically or the organisms is fermentative and can ferment carbohydrate under aerobic condition. In this test, the test organisms are inoculated into two test tubes each containing O/F medium, one of which is then overlaid with paraffin oil so as to create anaerobic condition. Fermentating organisms like S. aureus produces acid throughout the medium in both the tubes changing the color of media to yellow because of indicator in the media. However, oxidative organisms turn the color of medium yellow only in the aerobic tube.

f. Voges- Proskauer (VP) test

This test is based on the fact that some organisms produce a neutral product, acetoin. The test is performed using a tube containing MR/VP broth. The test organisms are inoculated into it and incubated for 24 hours at 37°C. After incubation, a few drops of Barrit’s reagent (3 volumes of 5% alpha-napthol and 1volume of 40% KOH solution) is added into it. Reddening of the supernate within 5-10 minutes is indicative of positive test.

g. Deoxyribonuclease (DNase) test

The test is based on the production of the enzymes deoxyribonuclease (DNase). Most strains of S. aureus hydrolyze DNA and give positive reactions in this test but some MRSA strains don’t and some coagulase negative staphylococci give weak reaction. The test may be helpful in identifying strain that give doubtful reaction in the tube coagulase test.

In the test, the test organisms are cultured on the medium that contains DNA and it is incubated at 37°C for 24 hours. The organisms which produce the enzyme deoxyribonuclease (DNase) hydrolyze DNA present in the medium which can be visualized flooding 1N HCL solution on the medium. The clear zone around the colony is indicative of the positive test.

2.15  Antimicrobial susceptibility testing

After the proper diagnosis of a bacterial infection, one should go through the antimicrobial susceptibility testing. This testing provides a good knowledge of the appropriate effective against the infection in that individual from which the clinical specimen is collected.

Usually, it is performed in the laboratory by Kirby-Bauer disc diffusion method as recommended by clinical and laboratory standard institute (CLSI), formerly known as NCCLS. The media preferred for this purpose is Muller- Hinton Agar (MHA). Agar surface of the MHA plate is swabbed with pure culture of the isolated organisms using sterile cotton swab and after placing antibiotics discs on it, the plate is incubated overnight at suitable temperature. After that the inhibition zone size around the antibiotic disc is measured and interpreted.

Methicillin‐resistant Staphylococcus aureus (MRSA) is the most commonly identified antibiotic resistant pathogen worldwide. It is resistant to almost all β‐lactams and can also show resistance to other major antimicrobial classes such as fluoroquinolones. The livestock‐associated MRSA (LA‐MRSA) is considered a serious concern for the risks of zoonotic transmission, not only to people with occupational livestock exposure, but al so to the community through the food chain. The foremost common LA‐MRSA worldwide is the sequence type (ST)398 belonging to clonal complex (CC)398 and the main reservoir for these clones are pigs (Lopez et al, 2020).

2.16
Prevention and Treatment

The emergence of methicillin-resistance in previously sensitive strains of S. aureus appears to be relatively rare. Excessive use of antibiotics, however, promotes the spread of existing strains of MRSA through reduction in colonization resistance in patients and by giving resistance strains a survival advantage in the environment (Coia et al 2006). Therefore, antibiotic use and compliance with local guidelines needs to be audited. Inappropriate antibiotic use, such as under dosing, multiple or excessive duration of courses, and the use of broad-spectrum agents are major factors in the spread of antibiotic resistance (Coia et al, 2006).
Resistance to beta- lactams and other agents has resulted in the increasing use of glycopeptides, such as vancomycin, as first-line therapy for the treatment of serious MRSA infections (Ruef 2004). However, there are increasing numbers of reports on emergence of vancomycin intermediate sensitive S. aureus (VISA) and Vancomycin-resistant S. aureus (VRSA) (Tiwari & Sen, 2006). Acquisition of high-level vancomycin resistance by Staphylococcus aureus represents a major public health risk because this antimicrobial drug continues to be the first –line and most inexpensive therapy to treat methicillin-resistant S. aureus (MRSA) despite concerns about its clinical efficacy.

CHAPTER III 
MATERIALS AND METHODS

3.1
Materials

The materials, equipment, media and reagents that were used in this study are listed in appendix I.
3.2
Study area and design

This study was a Laboratory-based Cross-sectional study. The study was conducted from different places of Dharan from March to December 2020. All the work concerning this research was carried out in Microbiology Laboratory of Central Campus of Technology, Dharan.

3.3
Sampling Technique

Simple random sampling technique was followed. The cattle was  selected by lottery method after the site was selected randomly. 
Inclusion criteria – Cattle of Dharan Sub-Metropolitian city which were diseased free, without any oral,skin or nasal lesions and havenot received antibiotics since 4 weeks was  included in the study. 

Exclusion criteria – The cattle who do not meet the above inclusive criteria was not  included in the study.
3.4
Sample size

For core study, total numbers of 320 samples were collected from different household rearing cattle’s of Dharan sub- metropolitan city. 
3.5
Sample collection and transportation

Skin swab samples were collected randomly from different places of Dharan. A sample was collected under aseptic conditions with a sterile cotton swab. Skin swabs were collected by rolling the moistened swab on the back skin 2-3 times and dispensed in a sterile 1 mL nutrient broth (HiMedia, India) tube. The samples were preserved for 1 hour in a sterile vial containing nutrient broth under cold conditions and brought to the microbiology laboratory of the Central Campus of Technology, Dharan.

3.6
Isolation and identification of Staphylococcus aureus
The samples were in vials containing nutrient broth was swabbed in an MSA plate containing 6 mg/l oxacillin powder and incubated for 24 hours at 37oC.The confirmation of S. aureus by its characteristics of growth, which gives golden yellow colonies. The further confirmation was by gram’s staining, catalase, and coagulase positive results.

3.7
Identification of MRSA

Growth of S. aureus on MSA plate containing oxacillin of 6 mg/l gives the preliminary conformation about MRSA. Coagulase test and catalase test was performed to further confirmation. MRSA was confirmed by using cefoxitin disc diffusion method. For this 24 hours old S. aureus cultures were prepared with the 0.5 McFarland turbidity standards were maintained. This culture was swab on to the Muller-Hilton agar plate and allowed for 5 minutes and then cefoxitindisc(30µg) was kept on it. The plates were incubated aerobically at 35oC for 18 hours. The plates were observed and zone of inhibition was measured. The plate which have diameter ≤21mm were considered as methicillin resistant S. aureus as recommended by CLSI guidelines (CLSI 2012).

3.8
Antibiotic susceptibility test

The positive samples of MRSA were subjected to an antibiotic susceptibility test by the Kirby-Bauer disc diffusion technique using Muller-Hilton agar media (HiMedia) as recommended by CLSI guidelines (2012). The positive samples were inoculated in nutrient broth at 37(C for 18–24 hours to achieve the recommended 0.5 McFarland turbidity. The MHA were prepared and plated out. Then it was swabbed with fresh culture with a sterile cotton swab. The antibiotic discs cefotaxime (ctx,30mcg), chloramphenicol (c, 30mcg), ceftriaxone (ctr, 30mcg), erythromycin (e, 15mcg), clindamycin (cd, 2mcg), gentamycin (gen, 10mcg), penicillin (p, 10mcg), vancomycin (va, 30mcg) were placed on a plate with the help of sterile forceps and allowed to stand for 15 minutes for diffusion, and then incubated at 37oC for 24 hours. After 24 hours, the plates were observed and the zone of inhibition was measured. Then the results were interpreted as susceptible, intermediate, and resistant according to the CLSI Diffusion Supplement Table (CLSI 2012). The antibiotics used in this study are listed in appendix II.

3.9
Detection of Biofilm

The quantification of biofilm by microtitre plate was performed according to Christensen et al 1985. In this method, 5ml of overnight culture of MRSA was be prepared. Then, 100μl of diluted culture was inoculated in a microtitre well containing TSB with glucose. The plate was incubated at 37ºC for 24 hours for biofilm production.
The unbound cell was discarded and washed several times by Phosphate Buffer Saline (pH-7.2). About 125μl of 0.1% crystal-violet solution was added in wells and left for 10-15 minutes incubation. The plate was washed and left inverted for dry. The quantitative determination was performed by solubilizing the biofilm by adding 125μl of 30% acetic acid to each well and incubated the plate for 10-15 minutes at room temperature and transferred to another microtitre plates and reading the absorbance at 450 nm by spectrophotometer. 

Interpretation is made on optical density (OD) by subtracting OD of control wells from OD of test wells. The optical density (ODs) of each strain was obtained by the arithmetic mean of the absorbance of three wells and this value was compared with the mean absorbance of negative controls (ODnc). The following classification was used for the determination of biofilm formation: no biofilm production (ODs≤ODnc), weak biofilm production (ODnc<ODs≤2.ODnc), moderate biofilm production (2.ODnc<ODs≤4.ODnc) and strong biofilm production (4.ODnc<ODs) (Stepvanovic et al 2007).
3.10
Quality Control

In this study, quality and accuracy of all test was maintained by following standard procedures of collection, isolation, and identification. For quality control, media, antibiotics and reagents were prepared, stored and utilized as recommended by manufacturing company. Antibiotics disc were stored at refrigerator temperature.
3.11
Data management and Analysis

The information collected from schedule was documented and tabulated. The data were statistically analyzed at 5% level of significance by SPSS. A p-value of less than or equal to 0.05 was considered to be statistically significant (P≤0.05)
3.12 Flow chart for Laboratory procedure of MRSA
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CHAPTER IV
 RESULTS
4.1 Study population

The study was done in Microbiology Lab of Central Campus of Technology. The study was done from March 20 to December 2020. The total sample of 320 was collected from different places of Dharan. Out of 320 samples 32(10%) samples has shown the presence of MRSA and 288 (90%) samples were Negative MRSA.
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Fig 4.1 Prevalence of MRSA from sample.
4.2 Prevalence of Staphylococcus aureus from different sites:

In this study, 320 skin swab samples of cow were collected from different sites of Dharan, out of these, 79(24.69%) were S.aureus positive. Out of 122 samples from Buddha Subba 28(22.95%) were positive. Similarly 78 from purano hattisar in which 17(21.79%) were positive, 62 from Pindeswori shows 16(25.82%) positive, 11 from Prithivi Chowk shows 4(36.36%) positive, 42 from Panbari shows 14(33.33%) positive of S.aureus.
Table 4.1:  Prevalence of Staphylococcus aureus from different sites.
	Location
	No of samples from cattle
	No and % of positive samples (S. aureus)

	Buddhasubba
	122
	28 (22.95%)

	Purano hattisar
	78
	17 (21.79%)

	Pindeswori
	62
	16 (25.82%)

	Prithivi chowk
	11
	4 (36.36%)

	Panbari
	42
	14 (33.33%)

	Total
	320
	79


4.3 Prevalence of MRSA from Different sites:

The table shows the samples collected from different places of Dharan. Out of 320 samples, 32(10%) samples were positive of MRSA. 
On the basis of place, we can see that 122 samples were collected from Budha Subba, where 8 i.e. (6.56%) were positive. 
Similarly 78 samples were from Purano Hattisar in which 6 (7.69%) were positive, 62 samples were from Pindeswori in which 10 (16%) were positive, 11 samples were from Pritivi Chowk in which 2 (18%) were positive, 42 samples were from Panbari in which 6 (14%) were positive.
Table 4.2: Prevalence of MRSA from different sites
	S.N
	Location
	No. of samples from cattle
	No of positive sample MRSA

	1
	Buddha subba
	122
	8 (6.56%)

	2
	Purano hattisar
	78
	6 (7.69%)

	3
	Pindeswori
	62
	10(16%)

	4
	Pritivi chowk
	11
	2(18%)

	5
	Panbari
	42
	6(14%)

	
	Total
	320
	32


4.4 Presence of MRSA on the basis of places:

From the figure shows the number of samples and presence of MRSA from different places of Dharan. The highest prevalence of MRSA is found in Pindeswori area (10), followeded by Buddha subba(8), Purano Hattisar(6), Panbari(6) and pritivi chowk(2).
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Fig 4.2: Distributive study of MRSA isolated from total sample.
4.5 Antibiotic susceptibility pattern of positive S. aureus isolates:

The most effective drug for S.aureus was found to be chloramphenicol (46.83%), cefotaime (34.12%), ceftriaxone (34.12%) clindamycin (27.85%). On the other hand S.aureus were resistant to penicillin (100%), erythromycin (100%).

Table 4.3:  Antibiotic susceptibility pattern of S.aureus.

	S.N
	Antibiotic
	Sensitive
	Resistant
	P-value

	1
	Erythromycin
	-
	79(100%)
	0.00

	2
	Gentamycin
	14(17.72%)
	65(82.27%)
	0.00

	3
	Tetracycline
	23(29.12%)
	56(70.88%)
	0.00

	4
	Cefotaxime
	27(34.12%)
	52(65.82%)
	0.00

	5
	Penicillin
	-
	79(100%)
	0.00

	6
	Chloramphenical
	37(46.83%)
	42(53.164%)
	0.02

	7
	Ceftriaxone
	27(34.12%)
	52(65.82%)
	0.00

	8
	Clindamycin
	22(27.85%)
	57(72.15%)
	0.00


4.6 Antibiotic susceptibility pattern of MRSA isolates:

All the S. aureus isolates were subjected to antimicrobial susceptibility test and number of isolates sensitive to different antibiotics is shown in Table. 
All the intermediate samples were included in the same category as sensitive ones on the basis of fact that intermediate samples are susceptible at higher dose of antibiotics. 
Most of the isolates were found to be sensitive to chloramphenicol 12(37.5%) followed by ceftriaxone 12 (37.25%), gentamycin 9(28.12%), cefotaxime 4(12.5%) while MRSA was insensitive to penicillin and vancomycin.

Table 4.4: Antibiotic Susceptibility Pattern of MRSA
	SN
	Antibiotics
	Resistant
	Intermediate
	Sensitive
	P value

	1
	Erythromycin
	29 (90.62%)
	2 (6.25%)
	1 (3.7%)
	0.00

	2
	Gentamycin
	23 (71.87%)
	__
	9 (28.12%)
	0.01

	3
	Tetracycline
	26(81.25%)
	5 (15.62%)
	1 (3.7%)
	0.00

	4
	Vancomycin
	32 (100%)
	__
	__
	-

	5
	Cefotaxime
	18(56.25%)
	10 (31.25%)
	4 (12.5%)
	0.00

	6
	Penicillin
	32(100%)
	__
	__
	-

	7
	Chloramphenicol
	16 (50%)
	4 (12.5%)
	12 (37.5%)
	0.05

	8
	Ceftriaxone
	9 (28.12%)
	12(37.25%)
	12(37.25%)
	0.73

	9
	Clindamycin
	30(93.75%)
	__
	2 (6.25%)
	0.00


4.7 Biofilm production of MRSA:

The biofilm forming ability of isolated MRSA was performed by microtitre plate method. 5(15.625%) of 32 MRSA isolates were moderate biofilm forming MRSA,followeded by 3(9.375%) week biofilm formation and 25(75%) were non biofilm forming isolates.

Table 4.5: Biofilm formation of MRSA
	Biofilm formation
	Total (percentage)

	High
	--

	Medium
	5(15.625%)

	Weak
	3(9.375%)

	None
	24(75%)


CHAPTER V 
DISCUSSION

Staphylococcus aureus is a pathogen that is commonly isolated in most microbiological laboratories (Ansari et al 2014). It causes a variety of infections, including superficial skin infections, food poisoning, osteomyelitis, and septicemia (Forbes et al 2007). MRSA infections are difficult to treat because these organisms are resistant to currently available antibiotics.

Methicillin-resistant staphylococci emerged in the late 1970s and have since become as common as nosocomial pathogens (Edmond 1996). Methicillin-resistant Staphylococcus aureus (MRSA) has spread throughout the world, causing significant morbidity, mortality, and health-care costs. Methicillin-resistant Staphylococcus aureus (MRSA) is a strain of Staphylococcus aureus that has developed antibiotic resistance to penicillin since 1947, and then to methicillin in 1961.Because MRSA is frequently resistant to other antibiotics, such infections are difficult to treat. The medical community was relieved to learn that vancomycin was an effective treatment for all strains of MRSA. Nonetheless, the emergence of vancomycin-resistant strains of coagulase negative staphylococci, enterococci, and now S. aureus has raised concerns that there will be no antimicrobial available to treat patients infected with these staphylococci (Rai et al 1990). Despite the years of effort to develop the new antibiotics for the eradication of MRSA, it has established itself as the commonest cause of skin and soft tissue infections (Terp et al,2014). In the recent years has been identified as an emerging pathogen in livestock and companion animals as well as some other farm animal species (Catry et al,2010). 

Biofilms are aggregates of microbial cells surrounded by matrix of exopolymers (Costerton et al,1999). Biofilm can lead to persist contamination or infection because the cells within the biofilm are very resistant to sanitation procedures and to be the host immune system and antimicrobial agents (Song et al., 2016). The main source of microorganism may be infected animals (cow to cow transmission), workers, and equipment and utensils used for milking.   (Lee et al, 2014). The study is aimed to determine the prevalence of Methicillin –resistant Staphylococcus aureus (MRSA) from skin of cattle and to determine Biofilm production of the MRSA isolates. 
Our study was carried out at Microbiology laboratory of Central Campus of Technology, Hattisar, Dharan, Sub Metropolitan city. During this study, the samples were collected from different places of Dharan and processed foe isolation and identification of LA-MRSA. The sample skin swab from different cattle.  In this study we characterize the MRSA, antimicrobial resistance, Biofilm of S. aureus isolates from dairy cow. In our study 32 (10%) LAMRSA was isolated from 320 sample.

Similar results obtained by (Hansen et al,  2019). According to their study out of 620 calves samples 11.8% was found to be MRSA. Hence prevalence of MRSA was seen low. Similar findings were obtained in our study. The result obtained is in agreement with findings of (Vanderhaeghen et al, 2010) who reported the prevalence of 9.3%, which is found to be similar to our studies. Similarly, another study done by (Schnitt et al 2020) was found to be 22.7%. The prevalence of MRSA was 3.4% which shows low prevalence than our study (Seung Hyun Back et al, 2019). Similarly higher prevalence of MRSA was found in the study done by (Kumar Alok et al 2017) in India which shows 34.28%. Similarly low prevalence of 0.7% of MRSA harboring in nose and skin of cattle have been reported from Thailand (Patchnee et al, 2014) However the difference in prevalence may be due to fact that our samples were collected from smaller geographical area within shorter period compared to those reported elsewhere.
Similarly lower prevalence in Bovine in Switzerland. Similarly, prevalence in Germany was 16.7% and 0.4% in Hungary (Juhasz-Kaszanyitzky,2007). Bovine MRSA has also been reported in different states of USA. However, the low prevalence rate of 0.6% in Michigan (Erskine et al 2002), 1.8% in Wisconsin (Makovec and Ruegg,2003) has been reported. MRSA has been isolated from nasal swab of cattle and calves.  
Some of the Asian countries have also reported the occurance of bovine MRSA.  High prevalence of MRSA by Pu et al (2014) reported 47.6% in China. Similarly, the prevalence rate in Korea is 6.3% (Lim et al, 2013). 13.1% in India (Kumar et al 2011). Significantly lower prevalence reported may be due to use of PCR (Polymerase Chain Reaction) method for MRSA detection instead of disk diffusion method used in this study. 
PCR has high sensitivity and specificity thus giving lower detection rate of S. aureus than culture method (Tiwari et al, 2009). Higher prevalence of MRSA may be due to indiscriminate use of beta-lactam antibiotics as the drug of choice for the treatment of mastitis. However, the difference in prevalence may be due to the fact that our samples were collected from a smaller geographical area within a shorter period compared to those reported elsewhere.

Antibiotics are used to prevent and treat mastitis. The emergence of antimicrobial resistant clones and consumer demand for food safety, farmer must rely on the strategies other than herd sanitation to control inflammatory infections. Though there is available of vaccination, multifactorial causes like poor antigens and gaps in the understanding of the immune response hinder the development of effective vaccine against S.aureus ( Campos Bruno et al., 2022).

In this study, the antibiotic susceptibility test of MRSA reported that the most effective antibiotic was chloramphenicol followed by ceftriaxone, gentamycin, cefotaxime. Out of 32 samples, chloramphenicol was37.5% sensitive, ceftriaxone, was 37.25% sensitive, gentamycin was 28.12% sensitive. Other antibiotics such as cefotaxime12.5% clindamycin 6.25%, tetracycline3.7%, and erythromycin3.7% showed less sensitive.

Penicillin and Vancomycin were 100% resistant. The study conducted by Du et al (2011) showed that the majority of MRSA were resistant to penicillin (96.5%) which is similar to this study whereas Gentamycin(18.1%), Clindamycin(23.6%), Erythromycin(30.6%) has less resistance in previous study which showed vast difference and is not similar to this study which showed Gentamycin 23(71.87%), Clindamycin (93.75%), Erythromycin 29(90.62%). 

The resistance of tetracycline was 71% observed in study conducted by (Sonja et al, 2016). In our study the resistance to tetracycline was 81.25% which seems somewhat similar in comparison to our studies. 

From, the study Wang et al (2018), the antimicrobial susceptibility results of S. aureus isolated shows resistance to Penicillin (31%) followed by Erythromycin (5.2%), Gentamycin (1%) and Tetracycline (1%) which is not similar to this study.

In Nepal, due to unnecessary use of antibiotic without doctor’s prescription, the emergence of antibiotic resistance has been increasing. Unfortunately, inappropriate use of these antibiotics is weakening their efficacy. However, the emergence of antibiotic resistant bacteria continues to threaten the ability to treat infections. Recently, antibiotic resistant pathogen has been emerging which may increase the impact they have on population (Thiran et al, 2018).
(Yehui Wu et al., 2019) have demonstrated that S.aureus attach to biotic and abiotic surfaced to form a special structure, biofilm which is aggregated community of cells and is involved in adaptation to stressful environment. Thus this structure can make S.aureus resistant to antibiotic or allow it to escape the host immune system by restricting antibiotic penetration, limiting nutrients and forming special phenotypes.
The study showed (9.375%) medium, (15.625%) weak, 75% were non-Biofilm producers. The study by Smith et al (2008) found that the majority of MRSA 53.8% and MSSA (43.5%) isolated form moderately attached Biofilms. Fully established Biofilm were formed by (20.5%) of MRSA which is high from this study.  This may due to different geographical regions, environment factors and different processing methods.
Study by Ayezloy et al (2017) showed that 26.2% MRSA isolates developed biofilm after overnight incubation. Similarly, the study by Tang et al (2011) showed that all the MRSA isolates have the ability of biofilm production in which 15.4% shows strong, 19.2% shows moderate and 65.4% of them were weak Biofilm producers respectively. 

CHAPTER VI 
CONCLUSIONS AND RECOMMENDATIONS
6.1 Conclusion
In the present study, Microbial colonies isolated from skin sample of cattle were subjected to screening for MRSA and S.aureus using Standard procedures and the MRSA strains were further authenticated by Phenotypical method. We found 79 positive S.aureus isolates, 32 isolates exihibited positive MRSA. In general the detection of MRSA in skin samples and development of drug resistance indicate that catlle farming may be harmful for cattles as well as human. Isolates MRSA were most sensitive to chloramphenicol which was statistically significant.  MRSA carriage in animals and humans appears great threat to effective antimicrobial treatment. Therefore, this finding will encourage clinicians and health care institution to adopt precise guidelines about the antimicrobials regarding MRSA.
6.2 Recommendation

· Strict hygiene should be implemented in the farms by creating awareness among farm worker.
· Dispensing of non prescribed drugs and use of antibiotics should be avoided.
· For confirmatory screening of biofilm, RFLP is recommended.
· Further studies are required to understand better the epidemiology of MRSA human animal inter-species transmission.
· The study on molecular characterization and sequencing of MRSA should be conducted by targeting other important genes.
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Photograph 1: Sample collection
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Photograph 2; S. aureus colonies on MSA agar plate
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Photograph 3; Coagulase test
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Photograph 4; AST of MRSA
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Photograph 5; Cefoxitine disc diffusion
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APPENDICES

APPENDIX I 

MATERIALS AND EQUIPMENTS

	A.    List of Materials
	

	1.  Glasswares
	

	Beaker
	Conical flask

	Petri plates
	Measuring cylinder

	Test tubes
	Glass rod

	Micropipette
	Micropipette tips

	Glass slides
	Dolly rods

	2. Miscellaneous
	

	Bunsen burner
	Gloves

	Hi-media sterile cotton swabs
	Bacteriological loop

	Forceps
	Permanent marker

	Soaps
	Labeling tags

	96-well ELISA plates
	Ice box

	3.Equipments
	

	Autoclave
	Hot air oven

	Incubator
	Refrigerator

	Compound Microscope Weight Balance
	ELISA Reader

	4. Chemical and Reagents
	

	Crystal Violet (CV) solution 0.1%
	30% acetic acid

	Methylene blue
	PBS

	Ethanol 1N
	Lysol

	Plasma
	Microscope oil

	Sodium Chloride
	3% H2O2


APPENDIX II

BACTERIOLOGICAL MEDIA
	Preparation of Mannitol Salt Agar(MSA)
	

	Ingredients
	Gms /Litre

	Peptic digest of animal tissue
	5

	Pancreatic digest of casein
	5

	Beef extract
	1

	Sodium chloride
	75

	D-Mannitol
	10

	Phenol red
	0.025

	Agar
	15

	pH after sterilization(at25°C)
	7.4±0.2

	Nutrient Broth(NB)
	

	Peptone
	5.0g

	Sodium chloride
	5.0g

	Beef Extract
	1.5g

	Yeast Extract
	1.5g

	Final pH
	7.4±0.2


1.3 gm of media was dissolved in 100 ml of distilled water and heated to dissolve the media. The media was autoclaved at 15 lbs pressure at 121°C for 15 minutes.
	Muller Hinton Agar(MHA)
	

	Beef infusion Broth
	300.0g

	Casein Acid Hydrolysate
	17.0g

	Starch
	1.0g

	Agar
	17.0g

	Final PH
	7.0±0.2


3.8 gm of media was suspended in 100 ml of distilled water and heated to dissolve the media. The media was autoclaved at 15 lbs pressure at 121oC for 15 minutes. It was then poured while at 45-48oC into sterile petriplates in 25 ml quantity.

1. Phosphate Buffer Solution(PBS)

For 1 liter of 1X PBS: Add 8gm of NaCl, 0.2 gm of KCl, 1.44 gm of Na2HPO4, 0.2 gm of KH2PO4, Adjust the pH to 7.4 with HCl. Add distill water to total volume of 1Liter and sterilize. Store at room temperature.

2. Trypticase Soya Broth(TSB)

Pancreatic Digest of casein- 17.0 gm, Sodium Chloride- 5.0 gm, Papaic Digest of Soyabean meal -3.0 gm, Dextrose -2.5 gm, Dipotassium phosphate-2.5 gm

Final pH-7.3 ±0.2 at 25 ºC

3. Congo Red Agar Media

Brain heart infusion broth (HiMedia, Mumbai, India) - 37 g/L Sucrose – 50g/L

Agar No. 1 (HiMedia, Mumbai, India) - 10 g/L

Congo Red indicator (HiMedia, Mumbai, India) - 8 g/L
APPENDIX III
COMPOSITION AND PREPARATION OF DIFFERENT REAGENTS
	1.  Gram staining reagents
	

	i.  Crystal violet Gramstain
	

	Crystalviolet
	20g

	Ammonium oxalate
	9g

	Ethanol or methanol, absolute
	95ml

	Distilled water
	1 litre


Preparation:

Crystal violet is weighed and transferred to a clean bottle and absolute ethanol is added and mixed until dye is completely dissolved.

Ammonium oxalate is weighed and dissolved in about 200 ml of distilled water. Then it was added to the stain and total volume is made 1 litre by adding distilled water and mixed well.

	Iodine Solution
	

	Potassium iodide
	1.5g

	Iodine
	1.0g

	Distilledwater
	150ml

	Preparation:
	


Potassium iodide is weighed and transferred to a clean bottle 30-40 ml of distilled water is added to Potassium iodide and mixed until it is fully dissolved.

Iodine is weighed and added to potassium iodide solution and mixed well. Final volume is made 150ml by adding distilled water and mixed well.

	Acetone-alcohol decolorizer
	

	Acetone
	500ml

	Ethanol(absolute)
	475ml

	Distilled water
	25ml


To 25 ml distilled water, 475 ml of absolute alcohol was added, mixed and transferred into a clean bottle. Then 500 ml acetone was added and mixed well.

	Counter stain solution
	

	Safranine
	10gm

	Distilledwater
	1 lit


In a piece of clean paper, 10 gm of safranine was weighed and transferred to a clean bottle. Then after, 1 liter distilled water was added to the bottle and mixed well until safranine dissolves completely.

	i.    Catalase reagent (To make 100ml)

	Hydrogen peroxide solution
	3ml

	Distilled water
	97ml


Preparation:

To 97 ml distilled water, 3 ml of hydrogen peroxide solution was added and mixed well.
