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			Abstract | Staphylococcus aureus is a gram-positive, opportunistic bacterium that serves as a significant human and animal pathogen, responsible for a wide range of infections. It is a major cause of bloodstream infections (BSIs), nosocomial infections, and skin and soft tissue infections (SSTIs). The extensive use of antibiotics has led to the emergence of resistant strains, particularly methicillin-resistant Staphylococcus aureus (MRSA), which poses serious challenges in both healthcare and community settings. MRSA has been identified in multiple environments, including hospitals, communities, and livestock, with several strains such as CC30, CC8, CC80, CC8-ST8, and CC398 widely reported across different geographical regions. These strains exhibit distinct genetic adaptations that contribute to their virulence and resistance to multiple antibiotics. The presence of MRSA in both human and animal populations underscores its public health significance and the need for effective control measures. Methicillin-Resistant Staphylococcus aureus (MRSA) is a major public health issue in the 21st century due to its antibiotic resistance. MRSA, once associated with hospitals, now infects healthy people. Increasing antibiotic resistance, especially from the mecA gene, has made treatment challenging, increases healthcare costs, hospital stays, and mortality. The growing resistance of MRSA to β-lactam antibiotics, particularly due to the mecA and mecC genes, has necessitated the development of alternative treatment strategies. Surveillance and antimicrobial stewardship programs have been implemented to curb its spread, but the continued evolution of MRSA remains a challenge. Addressing this issue requires a multifaceted approach that integrates infection control, innovative therapeutics, and global collaboration. Without effective intervention, MRSA will continue to pose a significant threat to public health, increasing healthcare costs and contributing to morbidity and mortality worldwide.
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			INTRODUCTION

			Staphylococcus aureus (S. aureus) is a prominent and significant species within the staphylococcal genus that contributes to human pathogenicity (Haag et al., 2019). It is a gram-positive, coccus-shaped, non-motile, and non-spore-forming opportunistic bacterium. S. aureus produces various enzymes, including nucleases, lipases, coagulase, catalase, proteases, collagenases, and β-lactamase, which contribute to its biochemical characteristics.

			This bacterium is associated with a wide spectrum of infections, ranging from superficial to chronic conditions, and can colonize various anatomical sites in humans and animals due to its commensal and opportunistic nature. Commonly, S. aureus resides on the skin, mucosal surfaces, urinary and gastrointestinal tracts, and especially in the anterior nares of the respiratory system (Cuny et al., 2010). It is a significant risk factor for numerous infections, including bloodstream infections (BSIs), skin and soft tissue infections (SSTIs), osteomyelitis, endocarditis, and nosocomial infections, and it is a leading cause of community-acquired infections. The diverse clinical manifestations are driven by an array of extracellular components such as surface proteins, capsules, enzymes, toxins, and other virulence factors (Lowy, 1998).

			In the early 1940s, before the advent of penicillin, an increased mortality rate were reported due to S. aureus infection that reached 90% case fatality rate which persisted up to 19th century (Jevon,1961). Subsequently, the production of β-lactamase enzyme by S. aureus renders penicillin ineffective due to the hydrolysis of its β-lactam ring, resulting in S. aureus developing resistance to penicillin shortly after its discovery. Subsequently, another antibiotic named methicillin was discovered in 1950, which proved effective against S. aureus for an extended period. Regrettably, the bacteria have developed considerable resistance to this antibiotic, rendering it ineffective. The resistance to this antibiotic was reported at an elevated percentage, referred to as methicillin-resistant strain of S. aureus (MRSA).

			In recent years, S. aureus strains resistant to multiple antibiotics have emerged in both hospital and community environments (Thwala et al., 2021). A significant portion of hospital-acquired S. aureus infections is attributed to methicillin-resistant S. aureus (MRSA), which has been recognized as a major cause of morbidity and mortality. These infections are linked to prolonged hospital stays and substantial healthcare expenses (Ripari et al., 2023; Ardic et al., 2006).

			Methicillin-resistant Staphylococcus aureus (MRSA) is a multidrug-resistant bacterium that significantly contributes to morbidity, mortality, and increased healthcare costs. Responsible for approximately 200,000 invasive infections annually in Europe, MRSA was first identified in the 1960s. Over recent decades, it has emerged as a leading cause of hospital-acquired infections, associated with severe and often fatal diseases such as life-threatening pneumonia, necrotizing fasciitis, endocarditis, osteomyelitis, severe sepsis, and toxin-mediated conditions like toxic shock syndrome.

			Since the 1990s, MRSA strains have spread globally, presenting significant challenges in clinical management due to their increasing prevalence and the evolution of resistance mechanisms (Turner et al., 2019). The widespread use of antibiotics, particularly methicillin, has driven the rise of resistance in Staphylococcus aureus, with MRSA strains now prevalent worldwide.

			Methicillin resistance in S. aureus is primarily mediated by the mecA and mecC genes, which encode the penicillin-binding proteins PBP2a and PBP2c, respectively. These proteins confer resistance to nearly all β-lactam antibiotics, including penicillins, cephalosporins, carbapenems, and their derivatives. The extensive and often indiscriminate use of antibiotics has contributed to the emergence of multidrug-resistant strains, making it increasingly difficult to eradicate the bacteria from the environment.

			Emergence and evolution of MRSA

			Methicillin-resistant Staphylococcus aureus (MRSA) emerged in the late 1950s as a direct consequence of the widespread use of antibiotics, particularly methicillin (Hardy et al., 2004). Initially introduced to combat penicillin-resistant strains, methicillin quickly became ineffective as MRSA strains developed resistance through the acquisition of the mecA gene, which encodes for a modified penicillin-binding protein (PBP2a) (Ambade et al., 2023). This adaptation allowed MRSA to survive in the presence of beta-lactam antibiotics, leading to its rapid proliferation. Within just two years of methicillin’s introduction, MRSA was identified in clinical settings, illustrating the bacterium’s remarkable capacity for rapid genetic adaptation. Early studies indicated that MRSA strains were already present in the community, suggesting that resistance mechanisms may have evolved even before the clinical use of methicillin, emphasizing a long-standing co-evolutionary relationship between S. aureus and antibiotic pressures (Salam et al., 2023).

			The genetic mechanisms underlying MRSA’s evolution are primarily driven by the acquisition of mobile genetic elements, particularly the staphylococcal cassette chromosome mec (SCCmec) (Rolo et al., 2017). This element integrates into the bacterial chromosome and carries the mecA gene, conferring methicillin resistance. Over time, various SCCmec types have emerged, with each type exhibiting unique characteristics that contribute to the bacterium’s adaptability. Horizontal gene transfer plays a crucial role in spreading resistance genes and virulence factors among Staphylococcus species, leading to the emergence of hypervirulent community-associated MRSA (CA-MRSA) strains (Brody et al., 2008; Bukowski et al., 2019). The genetic diversity observed in MRSA is a result of both recombination events and mutations within the core genome, allowing these pathogens to exploit different ecological niches and enhance their survival in diverse environments (Turner et al., 2019).

			The global dissemination of MRSA has been marked by the emergence of several epidemic clones, which have become predominant in healthcare-associated infections (HAIs). Major clones, such as ST5, ST8, and ST22, have been traced across continents, facilitated by factors such as international travel, poor infection control practices, and the interconnectedness of healthcare systems (Cave et al., 2021). For instance, the ST239 lineage, which originated in Europe, became endemic in Asian hospitals by the 1990s, while CA-MRSA strains like USA300 (ST8) emerged in the community, combining antibiotic resistance with enhanced virulence (Benvenga et al., 2024). Continuous genomic surveillance has revealed a dynamic landscape of MRSA, where clonal replacement occurs frequently, driven by antibiotic usage patterns and host immune pressures (Chen et al., 2021).

			The evolution of MRSA is not confined to human hosts; zoonotic transmission plays a significant role in its spread. Livestock-associated MRSA (LA-MRSA), particularly CC398, has emerged in agricultural settings due to the routine use of antibiotics in livestock (Cuny et al., 2015). This strain has been shown to spill over into human populations, complicating infection control efforts. Additionally, MRSA has been identified in household pets and wildlife, acting as reservoirs for resistance genes that can be transmitted back to humans (Abdullahi et al., 2021). This relationship between human, animal, and environmental factors highlights the One Health approach, emphasizing the need for integrated strategies to combat MRSA and other antibiotic-resistant pathogens.

			Types of MRSA
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			Figure : Showing One Health Approach across Human, Animal and the Environments.

			For a long time, MRSA has been regarded as a prototypical multidrug-resistant and nosocomial pathogen, frequently causing infections in hospitals and healthcare settings. Initially, its presence was primarily associated with healthcare environments, where specific risk factors facilitated its transmission (Chambers, 2001).

			In the late 1990s, a new strain of MRSA, termed community-acquired MRSA (CA-MRSA), emerged in community settings. This strain is highly pathogenic, capable of spreading efficiently, and can infect healthy individuals, including young people (DeLeo et al., 2010). Additionally, MRSA has become a significant colonizer in animals due to the extensive use of antibiotics in veterinary practices.

			This animal-related strain, known as livestock-associated MRSA (LA-MRSA), is frequently identified in animals such as pigs, cattle, sheep, and goats and poses a zoonotic risk (Pantosti, 2012). Instances of MRSA infections in humans and animals underscore the role of animals as reservoirs for transmission, representing a major public health concern.

			Hospital-acquired MRSA (HA-MRSA)

			HA-MRSA refers to infections diagnosed based on a positive culture obtained more than 48 hours after hospital admission (Bhattacharya, 2015). This strain is resistant to almost all β-lactam antibiotics and other drug classes, making it a significant cause of hospital-acquired infections, particularly in children and young adults. It primarily affects immunocompromised individuals and those with skin injuries that facilitate transmission (Köck et al., 2010).

			HA-MRSA strains, characterized by their geographic variation, began spreading in the 1980s and 1990s due to the emergence of new clones. These clones, including CC30, CC5, CC45, CC8, and sequence type 239 (ST239), have led to widespread hospital outbreaks, increasing mortality and morbidity rates (Klevens, 2007). HA-MRSA is commonly associated with conditions such as dermatitis, septicemia, and infections of the heart and lungs, particularly in patients with risk factors like hospitalization, surgery, dialysis, or a history of MRSA infection (Umaru et al., 2011).

			Community-acquired MRSA (CA-MRSA)

			Initially categorized as HA-MRSA, MRSA infections began appearing in individuals without prior hospitalizations in the 1990s, especially among children and young adults without typical risk factors (CDC, 1999). CA-MRSA is defined as MRSA isolated from community or outpatient settings without recent hospital contact or known risk factors. It causes infections in various parts of the body, primarily skin and soft tissues, but it can also lead to more severe conditions such as pneumonia, bloodstream infections, and endocarditis (Dantes, 2013; Alzomor et al., 2017).

			The dominant CA-MRSA lineage varies by region, with USA300 (CC8-ST8) prevalent in the United States and CC80 (ST80) in Europe. Transregional transmission has been observed between North America, the Middle East, Asia, and South America (Stefani et al., 2012). CA-MRSA strains are generally resistant to β-lactam antibiotics but susceptible to drugs like trimethoprim-sulfamethoxazole, clindamycin, and tetracyclines. They often carry SCCmec type IV and are distinct from HA-MRSA, expresssing unique virulence factors and genetic profiles (Deresinski, 2005). These strains also harbor Panton-Valentine leukocidin (PVL) genes, which produce cytotoxins that contribute to their pathogenicity (Boussaud et al., 2003).

			Livestock-associated MRSA (LA-MRSA)

			MRSA’s impact extends beyond human medicine into veterinary medicine. In 2005, LA-MRSA was identified in pigs in the Netherlands, with a unique clone, ST398, within clonal complex CC398 (Voss et al., 2005). This lineage, also reported in the United States, differs from traditional HA-MRSA and CA-MRSA strains as it cannot be classified using standard pulsed-field gel electrophoresis (PFGE) methods (Monecke et al., 2011).

			LA-MRSA can spread among various animal species and to humans who interact closely with colonized animals, such as veterinarians and farmworkers (Umaru et al., 2011). It causes infections like comb necrosis and septic conditions in poultry and can also colonize pets, such as dogs, cats, and horses, facilitating zoonotic transmission. Asymptomatic colonization by LA-MRSA is common in both humans and animals, but it can lead to severe infections, especially in heavily colonized individuals. This highlights the public health risks posed by MRSA as a reservoir in both human and veterinary environments.

			Mechanisms of MRSA resistance

			Methicillin-resistant Staphylococcus aureus (MRSA) owes its resistance primarily to the mecA gene, which is carried on the Staphylococcal Chromosome Cassette mec (SCCmec), a mobile genetic element that integrates into the bacterial chromosome (Vitali et al., 2014; Yoon et al., 2019). SCCmec elements vary in size and complexity, with multiple types (I–XIII) identified, each influencing the level of resistance and adaptability of MRSA strains (Miragaia, 2018). These cassettes not only encode mecA, which produces the low-affinity penicillin-binding protein PBP2a, but also often harbour additional resistance determinants, such as mecC (a mecA homolog) or other genes conferring resistance to non-β-lactam antibiotics. SCCmec elements facilitate horizontal gene transfer, allowing MRSA to rapidly acquire and disseminate resistance traits across bacterial populations (Turner et al., 2019). Recent studies have highlighted the evolutionary dynamics of SCCmec, revealing its role in the diversification of MRSA strains and their adaptation to environmental pressures, including antibiotic selection and host immune responses (Matuszewska et al., 2022).

			Beyond the classic mecA-mediated resistance, MRSA employs additional strategies such as efflux pumps, biofilm formation, and alterations in membrane potential to evade antibiotic action. For instance, the mepA gene has been implicated in ciprofloxacin heteroresistance, reducing membrane potential and limiting antibiotic entry (Gauba and Rahman, 2023). Biofilm-associated MRSA is particularly difficult to eradicate due to the protective extracellular matrix, which restricts antibiotic penetration and enhances persistence. Strategies targeting biofilm disruption, including antimicrobial peptides and quorum sensing inhibitors, have been proposed as alternative therapeutic avenues (Koo et al., 2017). Furthermore, recent findings suggest that bacteriophage therapy and CRISPR-based genome editing may offer novel approaches to counteract MRSA resistance mechanisms by selectively targeting resistant bacterial populations (Balcha and Neja, 2023; Ahmed et al., 2024).

			Recent molecular investigations have identified additional genes involved in MRSA resistance beyond mecA, including tarO, which is responsible for cell wall teichoic acid synthesis. The inhibition of tarO by berberine has been shown to compromise MRSA cell wall integrity, rendering the bacteria more susceptible to existing antibiotics (Wojtyczka et al., 2014). Another innovative approach involves the use of phytochemicals, such as quercetin, which has demonstrated potential in targeting bacterial proteins involved in resistance pathways (Nguyen and Bhattacharya, 2022). Additionally, silver nanoparticles have emerged as promising antimicrobial agents that disrupt MRSA cell division and induce DNA damage (Franci et al., 2015). These novel interventions indicate the potential for alternative treatment strategies that circumvent conventional antibiotic resistance mechanisms.

			Combination therapies have gained attention as a means to counteract MRSA resistance, with recent studies highlighting the synergistic effects of combining antibiotics with natural compounds. The co-administration of curcumin and azithromycin has been shown to enhance antibacterial efficacy while reducing the likelihood of resistance development (Hussain et al., 2022). Similarly, photodynamic inactivation techniques using natural photosensitizers have demonstrated time-dependent bactericidal effects against MRSA, offering a non-antibiotic approach to combat infections (Wozniak and Grinholc, 2018). Another emerging strategy involves the modification of existing antimicrobial peptides to enhance their specificity and efficacy against MRSA biofilms, reducing their risk of resistance evolution (Masimen et al., 2022). These findings underscore the importance of integrating multiple treatment modalities to overcome the adaptive capabilities of MRSA.

			As MRSA continues to evolve, the need for novel therapeutic strategies remains paramount. Advances in genome sequencing and computational biology have provided deeper insights into the genetic basis of resistance, allowing for the identification of new drug targets and the development of precision medicine approaches. Whole-genome sequencing studies have revealed previously uncharacterized resistance determinants that may serve as potential drug targets (Punina et al., 2015). The combination of genomic analysis with high-throughput screening of antimicrobial compounds is likely to yield innovative treatment strategies that minimize the selective pressure driving resistance (Ayon, 2023). Ultimately, a multifaceted approach incorporating antibiotic stewardship, novel antimicrobial agents, and alternative therapeutic interventions will be essential to mitigate the growing threat of MRSA in both clinical and community settings.
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			Figure : The global prevalence of MRSA shown in colours.

			Global prevalence of MRSA

			The global emergence and transmission of MRSA is a critical feature of its epidemiology. The spread of several strains of MRSA has been documented in numerous countries. The spread of MRSA transpires through two primary mechanisms; the propagation of existing clones among humans and animals, including transmission between species, or the acquisition of the SSCmec element by horizontal gene transfer (Lee et al., 2018).

			MRSA poses a significant public health hazard due to its rising prevalence in hospitals, communities, and animals, as well as its transmission between humans and animals, infection rates, resistance, and therapeutic challenges (Ferri et al.,2017). The annual healthcare cost attributed to MRSA infections is estimated to be 3 billion dollars. CA-MRSA has emerged as a predominant pathogen in recent years. MRSA mostly induces skin and soft tissue infections, resulting in bacteremia, which is associated with elevated mortality rates ranging from 15% to 60% (Lee et al., 2013).

			MRSA global prevalence varies significantly among countries around the world. In African countries such as Nigeria (39-55%), Libya (31%), South Africa (24-36%) and Tunisia (16-41%) were reported (Tigabu et al., 2018; Schaumburg et al., 2014). 58.4% was reported in Portugal (Tavares et al., 2013), 46% in India (Arora et al.,2009), 52% in Pakistan (Siddiqui et al.,2017), 45% in China from 2015-2017 (Chen et al., 2022), 38.9% in Norway from 2008-2016 (Enger et al.,2015). The prevalence of CA-MRSA exhibits both increasing and decreasing trends across various countries. Figures include79% in Japan (Ogura et al., 2022), 84.9% in Australia (Coombs et al., 2022), 64.7% in India (Alvarez-Uria and Reddy, 2012), 61% in Norway (Enger et al., 2022), and 44.3% in Iran (Tabandeh et al., 2022). 

			Conversely, lower prevalence rates are reported from Egypt (16%) (Mostafa et al., 2022), 24% in China (Chen et al., 2022). The reduction in the prevalence of HA-MRSA and CA-MRSA may be associated with improved implementation of prevention measures. The fluctuations in the prevalence of HA−MRSA and CA-MRSA may be associated with the increase transmission of LA-MRSA from animal reservoirs to humans, particularly from food and companion animals.

			Pathophysiology of MRSA

			Staphylococcus aureus is both a commensal and opportunistic pathogen that predominantly colonizes the anterior nares of humans and animals. It can also be found in other anatomical sites, including the groin, gastrointestinal tract, and axillae, which serve as additional reservoirs for bacterial persistence. The progression of infection generally follows a series of stages, beginning with colonization, followed by the expression of virulence factors, the onset of infection, abscess formation, systemic spread, and eventual host adaptation through various regulatory mechanisms. Colonization significantly increases the risk of infection, particularly when the host’s immune defenses are weakened due to injury or underlying health conditions (Wertheim et al., 2005).

			S. aureus employs a diverse array of virulence mechanisms, including surface proteins. These proteins facilitate bacterial adhesion by interacting with host extracellular matrix components such as fibrinogen, fibronectin, and collagen. This interaction plays a critical role in infections affecting prosthetic devices, bones, joints, and the endovascular system. Additionally, S. aureus produces multiple virulence-related enzymes, including adhesion proteins, chemotaxis inhibitors, proteases, lipases, hyaluronidase, staphylokinase, catalase, nucleases, collagenases, β-lactamases, and elastases, all of which contribute to its ability to establish infections within the host. Methicillin-resistant S. aureus (MRSA) strains also harbour mobile genetic elements (MGEs) that enhance their pathogenicity across different animal species. Moreover, S. aureus secretes various toxins including exotoxins, enterotoxins, hemolysins, and Panton-Valentine leukocidin (PVL)as well as superantigens that can trigger conditions such as foodborne illnesses (Dings et al., 2000).

			Hospital-acquired methicillin-sensitive S. aureus (MSSA) is generally considered less virulent compared to hospital-acquired methicillin-resistant S. aureus (HA-MRSA), which exhibits increased pathogenicity and higher mortality rates. While the exact mechanisms underlying MRSA’s enhanced virulence are not yet fully elucidated, it is believed that the PBP2-α protein, encoded by the mecA gene, plays a key role in immunopathology by conferring resistance to β-lactam antibiotics. The presence of PBP2-α interferes with peptidoglycan cross-linking, allowing MRSA strains to survive despite antibiotic treatment, thereby enhancing their ability to evade host immune responses (Yao et al., 2010).

			The regulation of virulence factor expression in S. aureus is crucial for its pathogenic potential. These factors are produced strategically based on the bacterium’s physiological needs to optimize resource allocation. While bacterial proteins are predominantly expressed during the exponential growth phase to facilitate early colonization, secreted toxins are primarily produced during the stationary phase, enabling bacterial dissemination into the bloodstream and exacerbating infection severity.

			MRSA treatment

			Over the years, several interventions had been employed in tackling the menace and threat of MRSA to public health. The treatment of methicillin-resistant Staphylococcus aureus (MRSA) remains a significant challenge due to its resistance to β-lactam antibiotics, necessitating the use of alternative antimicrobial strategies. Historically, vancomycin has been the gold-standard treatment for MRSA infections, but the emergence of vancomycin-intermediate (VISA) and vancomycin-resistant (VRSA) strains has prompted the need for alternative therapies (Yoon et al., 2019). Linezolid, daptomycin, and ceftaroline have emerged as effective agents, with daptomycin being particularly useful for bloodstream infections due to its bactericidal activity (Hong et al., 2022).

			Newer combination therapies, such as the use of ceftobiprole, have shown promise in addressing complicated MRSA infections (Sharma and Gutheil, 2022). Recent advances in antimicrobial peptides (AMPs) have also demonstrated efficacy against MRSA, particularly in treating biofilm-associated infections, which are notoriously difficult to eradicate (Xuan et al., 2023). Topical treatments, such as mupirocin, are employed for decolonization, while natural extracts, including olive leaf extract, have been investigated as potential alternatives due to their broad-spectrum antimicrobial properties. Innovative approaches such as RNA interference (siRNA-based therapies) targeting mecA have been explored to restore MRSA susceptibility to β-lactam antibiotics (Hiramatsu et al., 2013). Photothermal and nanomaterial-based therapies, including silver nanoparticles and redox-responsive peptidosomes, offer promising non-traditional treatment avenues by directly disrupting MRSA biofilms and cell membranes (Ansari et al., 2015).

			Additionally, bacteriophage therapy, which utilizes viruses to selectively target MRSA, has gained attention as an alternative to antibiotics, particularly for antibiotic-resistant infections. The development of hybrid therapies, combining antibiotics with bioengineered compounds such as curcumin and antimicrobial hydrogels, has shown potential in improving treatment efficacy while minimizing the risk of resistance development (Hussain et al., 2022). As MRSA continues to evolve, treatment strategies must integrate antimicrobial stewardship, novel drug development, and alternative therapies to combat resistance effectively. 

			Conclusion

			Staphylococcus aureus, particularly methicillin-resistant strains (MRSA), remains a persistent global health threat due to its adaptability, resistance mechanisms, and widespread prevalence across hospital, community, and livestock settings. The bacterium’s evolution has been driven by genetic adaptations, enabling it to survive in diverse environments and develop resistance to multiple antibiotics. The increasing prevalence of MRSA strains, including HA-MRSA, CA-MRSA, and LA-MRSA, underscores the complexity of controlling its spread. Efforts to combat MRSA have focused on improved surveillance, infection control measures, and the development of novel antimicrobial therapies.

			 

			However, the continued emergence of resistance highlights the need for a more integrated approach that considers human, animal, and environmental interactions. While treatment options such as vancomycin, linezolid, and novel antimicrobial strategies offer hope, the threat of resistance evolution necessitates ongoing research and innovative solutions. Addressing MRSA requires a multifaceted approach, incorporating antibiotic stewardship, public health interventions, and global cooperation to mitigate its impact. Without effective control measures, MRSA will remain a significant challenge, contributing to increased healthcare costs, morbidity, and mortality worldwide.
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Abstract | Staphylococcus aureus is a gram-positive, opportunistic bacterium that serves as a significant human and
animal pathogen, responsible for a wide range of infections. It is a major cause of bloodstream infections (BSIs),
nosocomial infections, and skin and soft tissue infections (SSTTs). The extensive use of antibiotics has led to the
emergence of resistant strains, particularly methicillin-resistant Staphylococcus aureus (MRSA), which poses serious
challenges in both healthcare and community settings. MRSA has been identified in multiple environments, including
hospitals, communities, and livestock, with several strains such as CC30, CC8, CC80, CC8-ST8, and CC398 widely
reported across different geographical regions. These strains exhibit distinct genetic adaptations that contribute to
their virulence and resistance to multiple antibiotics. The presence of MRSA in both human and animal populations
underscores its public health significance and the need for effective control measures. Methicillin-Resistant Szaphylococcus
aureus (MRSA) is a major public health issue in the 217 century due to its antibiotic resistance. MRSA, once associated
with hospitals, now infects healthy people. Increasing antibiotic resistance, especially from the mecA gene, has made
treatment challenging, increases healthcare costs, hospital stays, and mortality. The growing resistance of MRSA to
B-lactam antibiotics, particularly due to the mecA and mecC genes, has necessitated the development of alternative
treatment strategies. Surveillance and antimicrobial stewardship programs have been implemented to curb its spread,
but the continued evolution of MRSA remains a challenge. Addressing this issue requires a multifaceted approach that
integrates infection control, innovative therapeutics, and global collaboration. Without effective intervention, MRSA
will continue to pose a significant threat to public health, increasing healthcare costs and contributing to morbidity

and mortality worldwide.
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INTRODUCTION catalase, proteases, collagenases, and B-lactamase, which

contribute to its biochemical characteristics.
Srapbylommﬂ aureus (8. aureus) is a prominent and
significant species within the staphylococcal genus that This bacterium is associated with a wide spectrum of
contributes to human pathogenicity (Haag ¢z a/.,2019). It infections, ranging from superficial to chronic conditions,
is a gram-positive, coccus-shaped, non-motile, and non- and can colonize various anatomical sites in humans and
spore-forming opportunistic bacterium. S. aureus produces  animals due to its commensal and opportunistic nature.
various enzymes, including nucleases, lipases, coagulase, Commonly, S. aureus resides on the skin, mucosal surfaces,

Continued Publication 2025 | Volume 13 | Page 84 Lo






OEBPS/image/Image4563511.jpg
Antiviotics
Resistance

e a—
Livestocks | foeramn





