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ABSTRACT
Staphylococcus aureus is a prevalent pathogen in both hospital and community settings and is frequently implicated in wound infections. In light of its clinical significance, the research was carried out to determine the prevalence of mec-A positive Staphylococcus aureus and PVL gene carriage among wound isolates at a tertiary hospital in Port Harcourt, Nigeria. The study involved 150 specimens from different types of wounds such as caesarean section, traumatic wound, surgical wound, scrotal wound, diabetic foot, plastic surgery burns). The specimens were collected and subjected to standard bacteriological procedures for a period of six months. Pure isolates were characterized at the molecular level following the given steps: DNA extraction, PCR amplification, Agarose Gel Electrophoresis, 16S rRNA sequencing, sequence analysis and phylogenic tree construction. Data obtained showed 58 (38.7%) of the wound cases were infected with Staphylococcus aureus isolates. The study also revealed the presence of mecA gene in all the nine (9) isolates screened. The molecular analysis indicated the presence of the PVL (lukS-PV/LukF-PV) gene in 67% of the isolates screened. Data obtained from the study warrants serious public health intervention targeted at for proper antibiotics stewardship and the management of wound cases in clinical settings.
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1.0 INTRODUCTION
Species of Staphylococcus are implicated in a wide array of pathologies affecting both humans and animals, encompassing conditions that range from superficial dermatological infections to severe, potentially fatal systemic diseases. The organism is a facultative aerobic, non-motile Gram-positive cocci, typically occurring in pairs or clusters [1]. Although it is commonly a commensal organism inhabiting the skin and mucosal surfaces of healthy individuals, it can become pathogenic when the skin barrier is disrupted or host immunity is compromised. The pathogenicity of S. aureus is mediated by a variety of virulence factors, including surface proteins that facilitate adhesion, toxins that destroy host cells, and enzymes that promote tissue invasion. Clinically, S. aureus infections range from superficial skin and soft tissue infections, such as boils, impetigo, and abscesses, to severe conditions including pneumonia, endocarditis, osteomyelitis, toxic shock syndrome, and bloodstream infections [2]. Its ability to colonize mucosal surfaces, combined with the emergence of antibiotic-resistant strains, makes it a frequent cause of both community-acquired and hospital-acquired (nosocomial) infections [3].
Wound infections, specifically, result from a complex interaction between pathogenic microorganisms and the host. A wound infection is defined as the presence or proliferation of pathogenic organisms in the wound environment or area, often leading to local inflammation, delayed healing, and sometimes systemic complications [4,5].
Staphylococcus aureus produces a wide array of virulence features that enable it to establish infection by promoting adhesion to host tissues, facilitating tissue invasion, and evading host immune responses. These virulence mechanisms, combined with the bacterium’s remarkable capacity to acquire resistance to multiple classes of antibiotics, make S. aureus a particularly difficult pathogen to treat [7]. Indeed, S. aureus is considered one of the most clinically significant antibiotic-resistant bacteria, having developed mechanisms of resistance against nearly all antibiotics historically employed for its treatment [8]. Consequently, infections caused by S. aureus, and other antibiotic-resistant staphylococcal species, are increasingly challenging to manage due to the prevalence of multidrug-resistant strains and the associated risk of treatment failure [9].
The increasing level of resistance of Staphylococcus aureus to antibiotics could be because of the presence of resistance genes. Therefore, the need to probe for antibiotic resistance in isolates is very essential.  S. aureus elaborates virulence through various factors, such as toxins, production of biofilm and lysing of red blood cells to develop an infection in the host and persist in their infection. Analysis for the presence of toxigenic (panton-valentine leucocidine) genes is therefore important in probing the pathogenic potentials of these isolates. Therefore, the aim of the research was to determine the prevalence of mec-A positive S. aureus and PVL gene carriage among wound isolates at a tertiary hospital in Port Harcourt, Nigeria. 
2.0 MATERIALS AND METHODS
2.1	Description of Study location
Samples for this study was collected from the University of Port Harcourt Teaching Hospital, Port Harcourt, Nigeria. The hospital lies between Latitude 4.8998°N and Longitude 6.9292°E. The hospital is a teaching hospital and hub for healthcare and clinical research in Rivers State, Nigeria, offering specialized medical services across multiple departments, including surgery, internal medicine, and infectious diseases. The hospital serves a diverse patient population, attracting individuals from a wide range of geographical regions within and beyond the state. Its status as a referral center and high patient turnover makes it an ideal setting for studying the prevalence and molecular characteristics of Staphylococcus aureus in wound infections.
2.2 Study Design and Sample Collection
A cross-sectional study was conducted to assess the occurrence of Staphylococcus aureus in wound infections in a hospital setting. It involved  the collection of 150 wound specimens randomly patients presenting with various types of wounds, including surgical, traumatic, and chronic ulcers, to ensure a representative sampling of the hospital population. Specimens were obtained using sterile swab sticks under aseptic conditions to minimize contamination. Immediately after collection, the swabs were placed in appropriate transport media and transported to the Microbiology Laboratory at Rivers State University for further processing and microbiological analysis. All samples were handled according to standard biosafety procedures to preserve specimen integrity and ensure laboratory safety.
 2.3 Sample Size determination
The sample size for this study was calculated using the standard formula for estimating proportions [10]:
N = [Z2 (pq)]/d2  [10]
Where;
N = Sample size required
Z= Normal standard deviation that corresponds to the desired confidence level (1.96 for 95% confidence interval)
P= Estimated prevalence of Staphylococcus aureus in the study population
q = 1-p
d= Desired precision or margin of error, set at 0.05
2.4	Isolation of Staphylococcus aureus
Specimens collected using sterile swab sticks were inoculated onto Mannitol Salt Agar (MSA) plates using the streak plate method to facilitate isolation of discrete colonies. The plates were incubated aerobically at 37°C for 24 hours to promote growth of halotolerant Staphylococcal species. Following incubation, colonies exhibiting typical Staphylococcus aureus characteristics on MSA such as golden-yellow pigmentation and mannitol fermentation indicated by color change in the medium were selected for further purification. Each presumptive colony was further subcultured onto freshly prepared Nutrient Agar (NA) plates to obtain pure isolates for downstream molecular and biochemical analyses.
2.5	Purification and Preservation of Isolates
Distinct presumptive isolates of Staphylococcus observed on Mannitol Salt Agar (MSA) plates were subcultured onto freshly prepared Nutrient Agar (NA) plates to obtain morphologically uniform, purified isolate. Each pure isolate was examined for colony characteristics, including size, shape, margin, elevation, and pigmentation, to ensure consistency with Staphylococcus species.
The confirmed pure cultures were aseptically transferred to nutrient agar slants in sterile Bijou bottles and incubated at 37°C for 24 hours to allow optimal growth. Following incubation, the slants were carefully sealed and stored at 4°C to preserve the isolates for subsequent molecular, biochemical, and antimicrobial analyses. To maintain culture integrity during the study period, periodic subculturing was performed, and sterility checks were carried out to prevent contamination.
2.6	Molecular Characterization of the isolates
This present study was limited to a PCR-based detection of mec-A gene and PVL (lukS-PV/lukF-PV) genes in the isolates. Nine (9) isolates that showed high level of in vitro antibiotics resistance were screened using a PCR method as indicated below.
a. DNA Extraction Using the Boiling Method
Genomic DNA was extracted from bacterial isolates using the boiling lysis technique, a rapid and cost-effective method suitable for downstream molecular applications. Briefly, 5 mL of an overnight culture grown in Luria–Bertani (LB) broth was transferred into a sterile microcentrifuge tube and centrifuged at 14,000 rpm for 3 minutes to pellet the bacterial cells. The resulting supernatant was carefully discarded, and the cell pellet was resuspended in 500 µL of sterile normal saline solution to ensure uniform cell dispersion.
The suspension was subjected to thermal lysis by incubation at 95°C for 20 minutes. This high-temperature treatment facilitates disruption of the bacterial cell membrane and denaturation of cellular proteins, thereby releasing genomic DNA into the solution. Immediately after heating, the lysate was rapidly cooled on ice to enhance DNA stabilization and reduce thermal degradation.
The cooled lysate was centrifuged again at 14,000 rpm for 3 minutes to separate cellular debris from the soluble nucleic acids. The clear supernatant containing the extracted DNA was carefully transferred into a sterile 1.5 mL microcentrifuge tube, ensuring that the pellet was not disturbed. The extracted DNA was subsequently stored at −20°C until required for further downstream molecular analyses, including polymerase chain reaction (PCR).

b.	DNA Quantification
Genomic DNA concentration and purity were assessed to determine suitability for downstream molecular applications. The concentration and purity of the extracted genomic DNA were determined using a NanoDrop 1000 spectrophotometer (Thermo Scientific, USA), following the manufacturer’s instructions. Prior to measurement, the instrument software was launched, and the system was allowed to initialize. The spectrophotometer was first calibrated using 2 µL of sterile distilled water to clean the optical surfaces, after which a blank measurement was performed using normal saline to account for background absorbance.
For quantification, 2 µL of each DNA sample was carefully pipetted onto the lower measurement pedestal. The upper pedestal arm was then lowered to establish a liquid column between the optical surfaces. Absorbance readings were obtained by selecting the “Measure” function within the software interface. DNA concentration was automatically calculated by the instrument based on absorbance at 260 nm (A260), while purity was assessed using the A260/A280 ratio to evaluate potential protein contamination.
Following measurement, the pedestal surfaces were cleaned with sterile, lint-free tissue to prevent cross-contamination between samples. The quantified DNA samples were subsequently stored at −20°C for downstream molecular applications.
c.	16S rRNA Gene Amplification
The 16S ribosomal RNA (rRNA) gene was amplified to enable molecular characterization of the bacterial isolates. Amplification of the approximately 1,500 bp fragment of the 16S rRNA gene was performed using the universal primers 27F (5′-AGAGTTTGATCMTGGCTCAG-3′) and 1492R (5′-CGGTTACCTTGTTACGACTT-3′). Polymerase chain reaction (PCR) was carried out in a total reaction volume of 40 µL using an ABI 9700 Applied Biosystems thermal cycler.
The PCR reaction mixture consisted of 2× DreamTaq Master Mix (Inqaba Biotechnological Industries, South Africa), containing Taq DNA polymerase, dNTPs, MgCl₂, and reaction buffer; forward and reverse primers at a final concentration of 0.5 µM each; and the extracted genomic DNA serving as template. Nuclease-free water was added to make up the final reaction volume.
Thermal cycling conditions were as follows: initial denaturation at 95°C for 5 minutes; 35 cycles of denaturation at 95°C for 30 seconds, annealing at 52°C for 30 seconds, and extension at 72°C for 30 seconds; followed by a final extension step at 72°C for 5 minutes.
Amplified PCR products were resolved by electrophoresis on a 1% (w/v) agarose gel prepared in 1× TAE buffer. Electrophoresis was conducted at 130 V for 30 minutes, and the DNA bands were visualized using a blue-light transilluminator.
d.	Sequencing
Sanger sequencing of the amplified 16S rRNA gene products was performed to determine nucleotide composition and confirm bacterial identity. Sequencing reactions were carried out using the BigDye® Terminator v1.1/v3.1 Cycle Sequencing Kit (Applied Biosystems) on an ABI 3510 Genetic Analyzer at Inqaba Biotechnological Industries, Pretoria, South Africa.
The sequencing reaction was prepared in a final volume of 10 µL, comprising 0.25 µL BigDye Terminator Ready Reaction Mix, 2.25 µL of 5× BigDye sequencing buffer, 10 µM sequencing primer, and 2–10 ng of purified PCR product per 100 bp of amplicon length. Nuclease-free water was added to adjust the final volume.
Cycle sequencing conditions included 32 cycles of denaturation at 96°C for 10 seconds, annealing at 55°C for 5 seconds, and extension at 60°C for 4 minutes.
e.	Phylogenetic Analysis
Phylogenetic analysis was conducted to determine the evolutionary relationships between the obtained isolates and reference strains. Raw sequence chromatograms were edited and trimmed using TraceEdit to remove low-quality base calls. The curated sequences were subjected to similarity searches using the Basic Local Alignment Search Tool for nucleotides (BLASTn) against the National Center for Biotechnology Information (NCBI) database to identify closely related sequences.
Reference sequences with high similarity scores were retrieved from the database and aligned with the study sequences using the MAFFT multiple sequence alignment algorithm. Phylogenetic trees were constructed using the Neighbor-Joining method implemented in MEGA version 6.0.
The robustness of the inferred phylogenetic relationships was evaluated using bootstrap analysis with 500 replicates. Evolutionary distances were calculated using the Jukes–Cantor substitution model, and the resulting bootstrap consensus tree was used to represent the evolutionary history of the taxa analyzed.
2.7 	Molecular Antibiotic Resistance Screening
2.7.1 	MecA Gene Amplification
Detection of the mecA gene was performed to determine the presence of methicillin resistance among the isolates. Amplification was carried out using specific primers mecAF (TGGCTATCGTGTCACAATCG) and mecAR (CTGGAACTTGTTGAGCAGAG) in a total reaction volume of 40 µL using an ABI 9700 Applied Biosystems thermal cycler.
The PCR reaction mixture comprised 2× DreamTaq Master Mix (Inqaba Biotechnological Industries, South Africa), which contains Taq DNA polymerase, dNTPs, MgCl₂, and the appropriate reaction buffer, supplemented with forward and reverse primers at a final concentration of 0.4 µM each, and 50 ng of extracted genomic DNA as the template. Nuclease-free water was added to bring the reaction to the desired final volume.
Thermal cycling was performed with an initial denaturation at 95 °C for 5 minutes, followed by 35 cycles of denaturation at 95 °C for 30 seconds, annealing at 58 °C for 30 seconds, and extension at 72 °C for 30 seconds, with a final extension step at 72 °C for 5 minutes.
Amplified products were separated on a 1% agarose gel at 120 V for 25 minutes and visualized under ultraviolet illumination using a UV transilluminator.
2.8	Toxigenic (PVL) Gene Amplification 
Amplification of the Panton–Valentine leukocidin (PVL) gene was performed to determine the toxigenic potential of the bacterial isolates. The pvl gene amplification was carried out using the primer pair 5’-ATCATTAGGTAAAATGTCTGGACATGATCCA-3’ and 5’-GCATCAAGTGTATTGGATAGCAAAAGC-3’. Reactions were conducted in a total volume of 40 µL using an ABI 9700 Applied Biosystems thermal cycler.
Each PCR reaction mixture contained 2× DreamTaq Master Mix (Inqaba Biotechnological Industries, South Africa), comprising Taq DNA polymerase, dNTPs, MgCl₂, and optimized reaction buffer; forward and reverse primers at a final concentration of 0.4 µM each; and 50 ng of extracted genomic DNA as template. Nuclease-free water was added to achieve the final reaction volume.
Thermal cycling conditions were as follows: initial denaturation at 95°C for 5 minutes; 35 cycles of denaturation at 95°C for 40 seconds, annealing at 50°C for 45 seconds, and extension at 72°C for 40 seconds; followed by a final extension step at 72°C for 5 minutes to ensure complete amplification of target fragments.
Amplified PCR products were separated by electrophoresis on a 1% (w/v) agarose gel prepared in 1× TAE buffer. Electrophoresis was performed at 130 V for 25 minutes, and the amplified bands were visualized under ultraviolet illumination using a UV transilluminator.
3.0 RESULTS
3.1	Molecular Characteristics of the Isolates
Agarose gel electrophoresis (1% w/v) of the amplified 16S rRNA gene products revealed distinct bands corresponding to approximately 1,500 base pairs (bp), consistent with the expected amplicon size. The purified PCR products labeled B1 and B2 (Plate 1) each demonstrated a single, well-defined band at 1500 bp. Lane L contained a 100 bp molecular weight ladder used as a size reference for fragment estimation.
Sequence analysis of the amplified 16S rRNA gene fragments showed 100% identity with sequences deposited in the National Center for Biotechnology Information (NCBI) non-redundant nucleotide (nr/nt) database following MegaBLAST search for highly similar sequences. Phylogenetic analysis further supported species-level identification. Evolutionary distances calculated using the Jukes–Cantor substitution model were consistent with the clustering pattern observed in the phylogenetic tree isolates. B1 and B2 grouped closely with reference strains of Staphylococcus aureus, confirming their taxonomic affiliation (Figure 2).

Figure 1 Visualization of 16S rRNA gene amplification products on a 1% agarose gel. Lanes B1 and B2 show bands at ~1500 bp, and lane L contains a 100 bp DNA ladder.
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Figure 2 Phylogenic Placement Tree of Staphylococcus isolates from Wound Specimens



3.2 Prevalence of mecA positive isolates
The agarose gel electrophorsis output showed the presence of MecA gene in 100% of the isolate screened as shown in plate 3.
[image: ]
Plate 3: Agarose gel electrophoresis of amplified mecA gene fragments (~300 bp). Lanes 1 and 3–10 show mecA bands, and lane L corresponds to a 100 bp DNA ladder.
3.3 Prevalence of PVL positive isolates
The result of the molecular screening for a toxigenic gene, PVL in isolated Staphylococcus aureus is shown in Plate 4. From the result, 67% of the isolates had the PVL (lukS-PV/lukF-PV) gene in their genome.
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Plate 4 Agarose gel electrophoresis of amplified PVL gene fragments (~800 bp) from the staphylococcal isolates. Lanes 1, 3–5, 7, and 9 display PVL gene bands, and lane L corresponds to the 100 bp DNA ladder.


4. 0 DISCUSSION
The study aimed to carry out the genomic detection of toxigenic and antibiotics resistance genes in staphylococcus aureus associated with wound contamination at a tertiary hospital in Port Harcourt, Nigeria. included a total sample size of 150 different wound types [traumatic wound (16%) and caesarean section (14, 7 %), scrotal wound). (12%), surgical wound (4%), accident and emergency (13.4%), burns (25.3%), diabetic foot ulcer 2.6%, plastic surgery (12.3%), traumatic injury (16%)]. Because Staphylococcus aureus is a common component of the skin microbiota, it was essential to collect samples from a variety of wound types in order to characterize the patterns of staphylococcal wound infections within the hospital environment.  All isolated species were characterized and identified to be Staphyococcus aureus and have their 16S RNA gene bands to be at 1500bp as recorded and shown in figure 1. 
Out of the 9 isolates screened 9 (100%) had the MecA resistance gene (Plate 3). The presence of the mecA gene allows for bacterial cells to be resistant to antibiotics such as methicillin, penicillin and a good number of B-lactam class of antibiotics [14]. So, the vast resistance of the isolated Staphylococcus species can be linked to this gene being present.
Out of the 9 isolates screened 6 (67%) had the PVL (lukS-PV/lukF-PV) gene in their genome (plate 4). Panton–Valentine leukocidin (PVL) is a gamma-hemolysin toxin composed of F and S subunits that specifically targets leukocytes, leading to cellular damage and necrosis [15]. The PVL gene, confers toxicity by encoding two synergistic proteins, LukS and LukF, which form lytic pores in leukocytes, leading to their activation and destruction. This cytotoxic activity is associated with necrotizing infections of the skin, subcutaneous tissue, and pneumonia [16]. Presence of the PVL virulence factor has been linked to increased clinical severity, recurrent infections, and the emergence of community-associated methicillin-resistant Staphylococcus aureus (CA-MRSA). 
4.0 Conclusion
Resistance to the antibiotic groups must have been brought about by presence of the mecA gene in the species which was probably transmitted to the vast number of these species in a bit to help them thrive in the presence of these antibiotic classes. 
The presence of a key toxigenic PVL (lukS-PV/lukF-PV) gene in 67% of the isolates is a key indication of virulence in species associated with wounds. In a more general terms, Staphylococcus aureus is prevalent in wounds and can persist in their infection by forming biofilms, lysing blood cells and resisting a vast majority of antibiotics. The significant co-occurrence of the PVL (lukS-PV/lukF-PV) virulence gene along with the mecA methicillin-resistance gene, constitutes a significant public health threat, as it can lead to severe and difficult-to-treat infections in critical healthcare settings. The findings of this study therefore highlight important public health concerns and underscore the need for stringent antibiotic stewardship and effective wound management strategies.
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