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Abstract
Background: Staphylococcus spp is known to trigger an extensive array of healthcare-related infections in humans and are naturally adaptable to a broad spectrum of environmental sources. With emergence antibiotic strains, it becomes necessary to use advanced techniques to investigate of antibiotic resistance status with precision.
Aim: This present review outlines the use and importance of molecular typing of Staphylococcus spp.  These molecular methods are important to study the prevalence of Staphylococcus spp and also pattern of spreading of antibiotic resistance in species of Staphylococcus. The various tools of molecular typing techniques viz. Multi-Locus Sequence Typing; Pulsed-Field Gel Electrophoresis, MALDI-TOF mass spectrometry; Repetitive Element Palindromic PCR; Random Amplified Polymorphic DNA and Restriction Fragment Length Polymorphisma highlighting the features and how these techniques has helped in studying the Staphylococcus spp at molecular level. 
Conclusion:  In conclusion, it may be summarised that Molecular typing techniques are crucial for the identification, classification, and surveillance of Staphylococcus species, especially methicillin-resistant strains (MRSA) of Staphylococcus aureus. These methods' high resolution, speed, and precision enable researchers and public health officials to monitor the spread of certain clones throughout regions within hospitals and communities.
Recognize the virulence features and antibiotic resistance's epidemiology and evolution.
Contribute to international surveillance initiatives by providing comparable and standardized data.
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Introduction
In epidemiologic research of pathogenicity, molecular typing is a fundamental approach in detecting infection's origin, cross-transmissions, and identical or closely associated variants.  The research and understanding of polymorphism at the DNA level is made feasible by molecular typing methods. Because of the ubiquitous and indispensable use of molecular typing strategies rooted in the in-depth study of genetic polymorphisms, our knowledge of demographic dynamics, lineage evolution, and sequences of bacterial dissemination has significantly increased. In contradiction to genotypic methods, conventional phenotypic methods are usually easier to implement, less costly however molecular typing accesses more high discriminatory power and epidemiologic concordance, adaptability, ease of use and interpretation, cost- and time-effectiveness, and reproducibility and stability [1,2,3].
The family Staphylococceae was proposed in 1940 with Staphylococcus spp. as the genus type which was later confirmed in 1980 [4,5]. Species of the genus Staphylococcus appears in a Gram-positive cocci form (0.5–1.5 µm diameter), non- non-sporulated, unencapsulated, nonmotile, structured into distinctive cells, pairs, tetrads, brief chains, or irregular grape-like bunches. The genus Staphylococcus offers significant threats to the fields of healthcare and veterinary sectors.  The bacteria’s belonging to the genus of Staphylococcus spp., represents a key constituent of the mankind normal microbiota in addition to animals. The key pathogen in the niche is Staphylococcus aureus, which triggers an extensive array of healthcare-related infections in humans, significantly contributing to endocarditis, bacteremia, and various infections associated with implanted medical equipment. Coagulase negative Staphylococci (CoNS), notably S. epidermidis and S. haemolyticus, have been known to be perennial drivers of nosocomial infections. It has been deemed that the main origin of multi-drug-resistant Staphylococcus spp is the livestock [6,7,8]. The genus Staphylococcus spp. is well-known for its divine pathogenic traits concerning human and animal health [9,10,11,12]. Healthcare personnel continue to have difficulties in making treatment options due to the global treatment technique for MRSA infections. Furthermore, the selection of antibiotics for MRSA is getting more complicated due to antimicrobial resistance.[13] Staphylococcus species are naturally adaptable to a broad spectrum of environmental sources likewise soil, water, air, plant surfaces, livestock and dairy products. Staphylococci naturally inhabit the skin and mucous membranes of both humans and animals [7,12,14,15]. Staphylococci has the potential to trigger illness ranging from insignifant to fatal including food-borne infections. Member of this genus has the ability to generate an extensive variety of heat-stable enterotoxins.
In 2021, Giorgia Cocca and colleagues reported the prevalence of Staphylococcus species that are resistant to  oxacillin with the presence of mecA gene [16] that were isolated from patients and the immediate vicinity of a veterinary university hospital. G. Benjelloun Touimi et al.'s 2020 study sought to ascertain the incidence of Staphylococcus and patterns of antibiotic resistance in a variety of hospital food samples, work surfaces, and food handlers showing 100% antibiotic resistance to oxacillin and Penicillin G. [17]. Modestas Ruzauskas et al., 2016 attempted to identify and describe multi-resistant Staphylococcus species in raw chicken liver that was meant for human consumption. It was found that 116 out of 120 raw liver samples had Staphylococcus. Macrolides/lincosamides, ciprofloxacin, and tetracycline were the most often seen combinations of multi-resistance. Sulfamethoxazole-trimethoprim, vancomycin, linezolid, daptomycin, rifampin, and streptogramins retain to be effective against all Staphylococcus isolates from poultry liver. blaZ, mecA (beta-lactams), ermB, ermC, msrA (macrolides and lincosamides), tetK, tetM (tetracyclines), and aac(6′)-Ie-aph(2″)-Ia (aminoglycosides) were the most common genes encoding resistance [18]. 193 samples of milk, meat, equipment, and people employed at dairy farms and abattoirs (dairy farms = 72 and slaughterhouse sources = 121) were obtained for Takele Beyene et al.'s 2017 cross-sectional study. At the species level, Staphylococcus was isolated and identified. Of the 193 samples, 92 (47.7%) included Staphylococcus organisms, with 50% originating from dairy farms and 46.3% from the slaughterhouse. Coagulase-negative Staphylococcus (CNS), S. aureus, S. intermedius, and S. hyicus were the isolated species. Most of the isolates exhibited resistance to cefoxitin, cloxacillin, vancomycin, nalidixic acid, and penicillin-G [19]. In 2022, Ehssan H. Moglad et al. conduct research to identify the resistant pattern for various clinical isolates in order to manage the resistance phenomenon. In Khartoum State, the purpose of this study was to determine the resistance pattern of isolated Staphylococcus species from a variety of clinical samples. The findings showed that 52 (82.5%) of the 63 Gram-positive isolated bacteria were Staphylococcus species, with a significant prevalence of S. aureus 37 (71.2%). 38 (73.1%) of the total Staphylococcus species were Methicillin-resistant (MR). MDR was more common in S. aureus (89.2%) than in S. epidermidis (75%). Daptomycin and fosfomycin were susceptible to all S. aureus species, although ampicillin and penicillin were resistant to all Staphylococcus species [20]. The prevalence of antibiotic-resistant Staphylococcus spp. isolates colonizing the laboratory coats of some college students was documented by Jesumirhewe et al., in 2022. The isolates were shown to be completely resistant to augmentin, oxacillin, cefuroxime, ceftriaxone, and ceftazidime [21].
Hence understanding the scenario of antibiotic resistance with respect to Staphylococcus, it is necessary to use advanced techniques to investigate of prevalence of Staphylococcus spp and monitor the antibiotic resistance status. The present review paper attempts to summarise the advanced molecular approaches used in Staphylococcus spp

Multi Locus Sequence Typing
Multi-Locus Sequence Typing (MLST) is a molecular typing method for characterising microbial isolates by means of sequencing internal fragments of 5-7 housekeeping genes for every strain of a specific species. MLST mainly employs allele fragments close to 400 to 600 bp in length. Each fragment's sequence is correlated to formerly identified alleles at the locus, leading to allele numbers earmarked to each of the seven loci. The allelic history of a strain is characterized by its combination of seven allele numbers. Each allelic profile is assigned a sequence type (ST) that highlights the strain The MLST technique bestows distinct numbers to alleles in the hierarchy of discovery, refrain from drawing assumptions about relatedness based on sequence similarity. MLST executes a standard nomenclature scheme to record and decode nucleotide sequence data. Each locus's allele fragments are assigned a unique number regardless of their chronology. The first MLST approach originated for Neisseria meningitidis, a human pathogen that played an imperative part in advancing understanding of bacterial population structure [22,23,24,25]. MLST entails with PCR amplification using particular primers for the loci, followed by Sanger sequencing directly from clinical specimens, crafting both diagnosis and epidemiology statistics. MLST allele sequences and ST profile records are upheld in refined databases housed at different websites across the globe. The PubMLST site compiles data from numerous repositories and softwares (http://pubmlst.org), rendering it easily accessible. MLST highlights clonal complexes attributed to hyperinvasive lineages, which disseminate worldwide [26,27,28,29,30]. MLST, considered as viable approach for demographic and evolutionary analysis in large-scale research in epidemiology. Monitoring MLST data periodically may assisted with tracking epidemics. Such data can be used for pre- and post-vaccine oversight, along with design vaccine policies [22,26,30].

Pulse field gel electrophoresis
Over time, pulse field gel electrophoresis (PFGE) has been deemed as the pinnacle in genotyping bacterial strains in epidemiologic research and outbreak surveillance in healthcare sectors. Schwartz and Cantor invented the PFGE concept in 1984 [31]. PFGE functions by inevitably pulsing an electric field in varied directions to reorient DNA molecules, notably Mb-size fragments (as large as 10 Mbp), progressively [32,33]. The electric field alters direction, prompting DNA molecules to reorient themselves within the agarose gel at a constant rate. Larger DNAs embark awhile to align their charge with an alteration in direction, while smaller DNAs migrate faster, triggering greater separation. PFGE's ability to separate DNA molecules depends on the estimated duration for every single direction [34,35]. DNA sample preparation for PFGE analysis include isolating intact DNA. The approach involves immobilizing cells in agarose plugs, lysing and deproteinizing the DNA in situ. Protocols based on enzymatic or non-enzymatic strategies have been proposed to attain the DNA sample preparation process via PFGE. Restriction enzymes impact the PFGE banding patterns of analysed bacteria [33,35]. This approach can accurately represent the complete bacterial genome, yielding precise and profoundly resolved DNA fragments. The multiple DNA bands on the agarose gel are dubbed as the "DNA fingerprint". The number and layout of restriction sites in the genome determine clonal connections between strains [31,34,36]. Multicenter validation studies and standardized bacterial subtyping strategies have advanced the reliability of PFGE results. This facilitated the setup of bacterial subtype databases, which promote cross-lab analyses. Growth in computer-assisted data analysis of PFGE, such as band pattern normalization, information transfer, similarity index comparison, and similarity tree building, have reduced bias in subtyping analysis and interpretation. PulseNet and Harmony were two key projects implemented in the PFGE sector. The Centers for Disease Control and Prevention (CDC) governs PulseNet, a global organization of laboratories that implement established norms for subtyping foodborne pathogens. It facilitates direct comparison of PFGE data across networked laboratories. The European Union led the HARMONY project, which used PFGE to subtype Staphylococcus aureus bacteria either as methicillin-resistant or methicillin-sensitive (MRSA and MSSA) [31,37,38,39,40]. The project's results helped several countries practice national policies to limit MRSA strains. PFGE succeeds in identifying isolates of Staphylococcus aureus, Entererococcus vancomycin-resistant, Streptococcus pyogenes, Acinetobacter baumannii, Pseudomonas aeruginosa, Salmonella non-typhoidea, Shigellaspp., Mycobacterium avium, Vibrio cholerae, Listeria monocytogenes, Klebsiella pneumoniae, Escherichia coli, Neisseria gonorrhoeae and Chronobacterspp. A beneficial subtyping approach demands five vital characteristics: typeability, repeatability, discriminatory power, ease of realization, and interpretation. PFGE approach addresses all of these traits. In a single experiment, PFGE can pinpoint macro-restriction DNA fragments from over 90% of the bacterial genome, disclosing each specimen's DNA fingerprint. PFGE analysis of bacterial genomes yields clear results, which facilitates subtyping of each strain. PFGE analysis has been routinely used for decades, with applications notably phylogenetic diversity, clonal proximity, outbreak identification, and surveillance. Genetic diversity research has revealed insights into strain clonality, epidemic context, and infectious origin [41,42,43,44,45].

MALDI-TOF mass spectrometry
MALDI-TOF mass spectrometry is a cutting-edge analytical technology that analyses the cellular proteome, including gene products and metabolic products from organisms. MALDI-TOF MS distinguish bacteria, Mycobacteria, filamentous fungi, yeast, and protozoan parasites relying exclusively on their distinct protein and peptide patterns in cells. This strategy, inclusive of software and reference databases, has become a standard tool for identifying microorganisms in laboratory settings, leading to a paradigm shift in clinical microbiology research [46,47,48,49,50]. In MALDI-TOF analysis, the samples are initially co-crystallized with a matrix. The matrix includes the minuscule acidic molecules with significant optical absorption. To yield ions, the matrix embedded sample is subjected to a laser beam, following desorption and ionization. The matrix absorbs laser light energy and triggers vaporization of the analyte, contributing to single charged ions. In the mass analyzer, singly charged ions get propelled at a specific voltage and sorted via their mass to charge ratio (m/z) [50,51,52,53]. The sensors detect and measure charged analytes. In 1975, the first publication addressed the adoption of MALDI mass spectrometry approach for bacterial biomarkers [52,54]. MADLI-TOF identifies microorganisms employing four industrial devices and databases, including the MALDI Biotyper, the Spectral ARchive and Microbial Identification System (SARAMIS™), the Andromas, and the Vitek MS. The MALDI-TOF analyzers from Bruker Daltonics or Shimadzu, FDA-cleared MALDI Biotyper and Vitek MS pinpoint the most widely used in standard laboratories [48,52,55]. MALDI-TOF MS approaches to characterized microbes, by comparing mass spectra to fingerprint repositories and correlating biomarker masses to proteome databases. The identification reliability by MALDI depends on the databases; the specificity of confirmation up to the species category is over 90% [53,56,57]. MALDI-TOF is currently overtaking the conventional laboratory biochemical and molecular identification systems for identifying microbes [58]. MALDI-TOF's endurance to rapidly identify microbes renders it adequate for different fields across clinical diagnosis, biological defense, ecological surveillance, and food security. MALDI-TOF MS may detect pathogens across several samples, including blood cultures, urinary tract infections, cerebrospinal fluids, respiratory tract infections, and feces [47,59,53,59]. MALDI-TOF is beneficial for diagnosing clinical and veterinary challenges, environmental circumstances, and the food trade. Omitting breeding stages of pure cultures from samples minimizes analyses time considerably approximately 24 hours.

Repetitive Element Palindromic PCR (REC-PCR)
Molecular-based methodology REP-PCR is a fingerprinting method incorporates primers that complement short repetitive DNA sequence elements in the microbial genome that yield DNA fingerprints allowing strain genotyping. Repetitive elements include the repetitive extragenic palindromic elements, the enterobacterial repetitive intergenic consensus sequences, and BOX sequences. The REP elements usually range around 33 and 40 bp in size and possesses 500 to 1,000 copies per genome [60,61,62,63,64,65,66]. The DiversiLab™ device and The LabChip®, a commercially accessible semiautomated rep-PCR instrument, improves homogeneity and reliability when compared to manual gel-based methodologies. The technique facilitates fingerprint pattern retention using the internet-based software. Identified variant databases can be adopted as sources of reference for analyzing unidentified samples [61,67,68]. The rep-PCR technique has been employed to characterize microorganisms to distinguish species, strains, and serotypes. The rep-PCR genomic fingerprinting method has the perk of obtaining identifiable fingerprints from multiple sources, such as crude lysates, whole cells from broth medium or colonies on plates, in addition to infested plant tissues likely root nodules or lesions. Over the past century, the rep-PCR approach has been broadly used for genetic epidemiology and characterization for plenty of microbes, for instance human, animals and plant borne pathogens, plant symbionts, and soil-borne microbes. This strategy likewise proves beneficial for identifying microorganism origin and dissemination amid epidemics [63,69,70,71,72].

Random amplified polymorphic DNA 
Random amplified polymorphic DNA (RADP) is a PCR-based methodology that induces polymorphisms via annealing short primers to a number of arbitrary targeted sequences, followed by amplification and visualisation of amplified DNA. The typical RAPD method employs short synthetic oligonucleotides (10 bases length) of random sequences as primers that amplify nanogram quantities of an entire genomic DNA via PCR at low annealing conditions [73,74,75,76,77]. It is a simple, fast and cost-effective method employed for epidemiological analysis of microbes, constructing genetic maps, sex markers [77,78,79,80].

PCR-Restriction fragment length polymorphism
Molecular biology approaches incorporating polymerase chain reaction (PCR) with restriction fragment length polymorphism (RFLP) also known as cleaved amplified polymorphic sequence is based on the methodology where specific restriction enzyme (RE) slices a PCR amplicon at a distinct restriction site, known as the e polymorphic site, resulting in many DNA fragments of varying sizes. The digested PCR product incorporating the polymorphism along with an ideal restriction enzyme exhibits distinctive electrophoretic patterns by polymorphic genotype. The PCR-RFLP strategy analyzes PCR-based multiplication loci. PCR-RFLP tracks the presence or absence of a specific recognition site in a target sequence of no more than eight nucleotides in length [81,82,83,84,85]. RFLPs are a cost-effective method for aggregating isolates without Involving expensive apparatus or trials [86]. The PCR- RFLP is the simple, cost effective and convenient method that can identify an array of species and distinguish between closed species [87,88,89].

Multiplex polymerase chain reaction 
Multiplex polymerase chain reaction is the convenient and standard molecular approach method to amplify more than one target sequences by entailing more than one pair of primers in the same reaction by performing under similar PCR conditions. This tactic is effective for typing DNA, for instance gene deletion, mutation and polymorphism analysis, quantitative profiling, and reverse-transcription (RT)-PCR [90,91]. 

Conclusion
Molecular typing techniques provide a number of significant benefits over conventional phenotypic techniques (such as serotyping or biochemical testing), particularly in terms of accuracy, rapidity, and suitability for research and public health. It accurately differentiates between strains that are closely related making it possible to precisely monitor transmission networks and epidemics. Results from molecular techniques (such as MLST, WGS or MALDI-TOF) are reliable in a variety of labs and time periods. Global databases for pathogen characterization and surveillance are easier to establish. Fast turnaround times are provided by several PCR-based techniques and sequencing systems vital for monitoring and responding to outbreaks in real time. Molecular typing method can detects subtle genetic variations and is able to pinpoint certain genes that cause virulence or resistance. Hence, more sensitive than phenotypic techniques, particularly when dealing with organisms that are uncultured or fastidious.
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