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ABSTRACT 

	
Aims: This study investigates the molecular detection of molecular detection of PVL and mecA gene in cefoxitin resistant Staphylococcus aureus (S. aureus) from Emergency Units of selected Hospitals in Abuja Municipal Area, Nigeria.
Study design:  Cross sectional study.
Place and Duration of Study: Department of Microbiology, Nasarawa State University, Keffi between February 2025 and August 2025.
Methodology: A total of 23 cefoxitin resistant S. aureus isolates from our previous investigation were used for DNA extraction and detection of PVL and mecA gene using Polymerase Chain Reaction (PCR) method.
Results: Twenty three (23) Cefoxitin-resistant S. aureus isolates were considered, and the PVL and mecA genes were detected in 17 (73.9%) and 13 (56.5%) isolates, respectively. Among the PVL-positive isolates, the co-carriage of the mecA gene was observed in 9 (52.9%) cases. Statistical analysis revealed no significant association between the presence of the PVL gene and mecA gene carriage (χ² = 0.011; P = 0.917). These findings indicate a high prevalence of S. aureus isolates harboring both virulence (PVL) and methicillin resistance (mecA) genes on fomites within the Emergency Units of the studied hospitals.
Conclusion: The study reveals a high prevalence of multidrug-resistant and virulent S. aureus strains contaminating fomites in Emergency Units of selected Hospitals in Abuja. The significant co-occurrence of the PVL virulence gene and the mecA methicillin-resistance gene poses a serious public health threat, potentially leading to severe, difficult-to-treat infections in a critical healthcare setting. The lack of a significant statistical association between the two genes suggests they are independently prevalent, compounding the risk. These findings underscore an urgent need for enhanced infection prevention and control protocols in these hospitals to mitigate the spread of these dangerous.
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1. INTRODUCTION
Staphylococcus aureus (S. aureus) is a major human pathogen responsible for a vast spectrum of global hospital and community-acquired infections, ranging from mild skin conditions to life-threatening septicaemia, pneumonia, and endocarditis [1]. The pathogenesis of S. aureus is mediated by an arsenal of cell surface components and secreted virulence factors. A key toxin in this regard is the Panton-Valentine leukocidin (PVL), a two-component pore-forming cytotoxin that targets and lyses leukocytes by disrupting their cell membrane, leading to tissue necrosis and intense inflammation [2].
PVL is frequently associated with severe, recurrent deep-seated skin and soft tissue infections, such as furunculosis and cutaneous abscesses, as well as with highly fatal necrotizing pneumonia [3]. Strains harbouring the pvl genes are often more virulent and highly transmissible than their PVL-negative counterparts, contributing significantly to increased patient morbidity and mortality [3]. The cytotoxic potential of this toxin is further highlighted by its ability to induce apoptosis and necrosis in human monocytes and polymorphonuclear cells, thereby evading host immune defenses and provoking destructive inflammatory reactions [2].
Compounding the threat posed by such virulence factors is the capacity of S. aureus to develop antimicrobial resistance. 
Methicillin-resistant Staphylococcus aureus (MRSA) poses a formidable challenge in clinical settings worldwide. Resistance to methicillin and other beta-lactam antibiotics is primarily mediated by the mecA gene, which codes for penicillin-binding protein 2a (PBP2a), a protein with low affinity for beta-lactam antibiotics [4]. Phenotypic detection of MRSA is routinely confirmed using cefoxitin disk diffusion testing, as cefoxitin is a potent inducer of the mecA gene expression.
The convergence of heightened virulence and antimicrobial resistance, as seen in PVL-positive MRSA strains, represents a critical public health concern, particularly in high-risk hospital environments. Several studies worldwide have focused on the prevalence of PVL-positive MRSA from clinical human samples [1, 2, 4, 5], including in Nigeria [6, 7, 8]. However, the role of the hospital environment, especially high-traffic areas like emergency units, as a reservoir for these hyper virulent and resistant strains remains insufficiently investigated. Environmental surfaces, or fomites, can act as silent reservoirs for pathogen transmission, facilitating the spread of infections in a setting where patients are often critically ill and highly vulnerable.
This study aims to bridge this knowledge gap by focuses on the molecular detection of the pvl and mecA genes in cefoxitin-resistant Staphylococcus aureus isolates recovered from fomites in the emergency units of selected tertiary hospitals in the Abuja Municipal Area, Nigeria. Determining the prevalence of these genes in environmental isolates will provide crucial insights into the potential risk of transmission within these critical healthcare settings and inform more effective infection control and prevention strategies.

2. material and methods 
2.1 Collection of Organism 
A total of 23 cefoxitin resistance S. aureus from our previous studies [9] stored at -80 °C were used from DNA extraction and amplification of mecA and PVL gene. 

2.2 DNA Extraction
Genomic DNA was extracted from cefoxitin-resistant S. aureus isolates, collected from fomites in the emergency units of selected hospitals in Abuja, Nigeria, using a PureLink Genomic DNA extraction kit according to the manufacturer's protocol. DNA concentration and purity were assessed with a NanoDrop 1000 spectrophotometer, which calculated the A₂₆₀/A₂₈₀ ratio. All samples had ratios between 1.7 and 1.9, indicating pure DNA.


2.3 Amplification of mecA Gene
The mecA gene was amplified from cefoxitin-resistant isolates using a specific primer pair (Forward: 5′-AAAATCGATGGTAAAGGTTGGC-3′ and Reverse: 5′-AGTTCTGGAGTACCGGATTTGC-3′) yielding a 585 bp product [10]. PCR was performed in a 15 µL reaction volume containing 2.5 µL (10 ng/µL) of DNA template, 7.5 µL of 2X Taq Master Mix (Zymo Research, United States), 1 µL of each forward and reverse primer (10 µM), and 3.5 µL of nuclease-free water. Amplification was carried out in an ABI 9700 thermal cycler (Applied Biosystems) under the following conditions: initial denaturation at 95 °C for 5 min; 35 cycles of denaturation at 95 °C for 1 min, annealing at 55 °C for 30 s, and extension at 72 °C for 1 min; followed by a final extension at 72 °C for 5 min.

2.5 Amplification of PVL Gene
The Panton-Valentine leukocidin (PVL) gene was amplified from cefoxitin-resistant isolates using a specific primer pair (Forward: 5’-ATCATTAGGTAAAATGTCTGGACATGATCCA-3’; Reverse: 5’-GCATCAAGTGTATTGGATAGCAAAAGC-3’) that yields a 433 bp product (10). The PCR was performed in an ABI 9700 thermal cycler (Applied Biosystems) in a final reaction volume of 15 µL. Each reaction contained 4 µL of DNA template (10 ng/µL), 7.5 µL of 2X Taq Master Mix (Zymo Research, United States), 1 µL of forward primer (10 µM), 1 µL of reverse primer (10 µM), and 3.5 µL of nuclease-free water.
The thermocycling conditions were as follows: an initial denaturation at 95 °C for 5 min; followed by 35 cycles of denaturation at 94 °C for 45 s, annealing at 56 °C for 45 s, and extension at 72 °C for 30 s; with a final extension at 72 °C for 5 min.

2.6 Agarose Gel Electrophoresis
Amplified PCR products (8 µL per sample) were separated by electrophoresis on a 1.5% agarose gel. A 100 bp DNA ladder (Thermo Scientific) was loaded into one well to estimate amplicon size. Electrophoresis was carried out at 125 V for 20 minutes in 1X TAE buffer. Following separation, the gel was stained with ethidium bromide and DNA bands were visualized under ultraviolet light using a trans-illuminator.
3. results and discussion
3.1 Prevalence of PVL and mecA genes
The prevalence of the PVL and mecA genes among cefoxitin-resistant S. aureus isolates is shown in Figure 1. Of the 23 resistant isolates, 17 (73.9%) were positive for the PVL gene and 13 (56.5%) were positive for the mecA gene; representative amplification products are shown in Figures 3 and 4 respectively.
Among the PVL-positive isolates, the co-prevalence of the mecA gene was 52.9% (9/17), as detailed in Figure 2. The relationship between PVL and mecA gene carriage was determined using Pearson's chi-square test. The results indicated no significant association between the presence of the mecA gene and PVL gene carriage (χ² = 0.011, p = 0.917).


















Figure 1: Prevalence of mecA gene in cefoxitin resistant Staphylococcus aureus from fomites of the emergency units of selected Tertiary hospitals in Abuja Municipal Area, Nigeria




Figure 2: Prevalence of PVL gene in cefoxitin resistant Staphylococcus aureus from fomites of the emergency units of selected Tertiary hospitals in Abuja Municipal Area, Nigeria
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Figure 3: Agarose gel electrophoresis of the amplified MecA gene of S. aureus isolates. Lane M represents 1500bp DNA molecular ladder. Lane 3, 6-8, 10-13, 16-17, 19-21 represent MecA (585bp) gene and L represent 100bp DNA ladder 
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[image: ]Figure 4: Agarose gel electrophoresis of the amplified PVL gene of S. aureus isolates. Lane M represents 1500bp DNA molecular ladder. Lane 1-6, 8-11, 16-20, 22-23 and Lane NS10 represent the expression of the PVL (433bp) gene in S. aureus isolates. 
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The results of the present study assessed the prevalence of mecA and PVL genes in cefoxitin-resistant S. aureus from fomites in the emergency units of selected hospitals in the Abuja Municipal Area, Nigeria. Most notably, the prevalence of both mecA (56.5%) and PVL (73.9%) genes in these cefoxitin-resistant S. aureus isolates from fomites was high, highlighting a substantial reservoir of potentially virulent and antibiotic-resistant strains in hospital environments. To the best of our knowledge, several studies had reported the carriage of mecA and PVL gene in S. aureus isolated from clinical samples (1, 2, 4, 6, 7, and 8). The carriage of mecA and PVL gene in the cefoxitin resistant S. aureus from fomites suggest that they are resistant to methicillin and produce toxins that may likely cause apoptosis and necrosis in human monocytes as well as polymorphonuclear cells by provoking inflammatory reactions [8, 11, 12]. The detection of the PVL gene in cefoxitin-resistant S. aureus from fomites in emergency units represents a novel finding in the Nigerian context, as prior reports have predominantly focused on clinical samples. Several other studies have documented the carriage of mecA and PVL genes in S. aureus isolated from clinical sources, including skin and soft tissue infections (SSTIs) and other hospital-acquired infections [13, 14, 15, 16]. 
A recent cross-sectional study in Calabar, Nigeria, by Gaddafi et al (2025) [12], reported a PVL prevalence of 12.5% among 80 S. aureus isolates from SSTIs, with mecA detected in 58.8% of cases, underscoring regional variations that may be influenced by sampling sources and infection types. Similarly, in ready-to-eat foods from Delta State, MRSA prevalence was 14.25%, with mecA present in 100% of MRSA isolates and PVL in 40.5%, particularly associated with SCCmec type V cassettes in Nigeria as reported by Odetokun et al, 2023 [17]. These comparisons suggest that fomite-associated S. aureus in high-traffic emergency settings may harbor higher virulence gene burdens than clinical or food-related isolates, potentially due to selective pressures from disinfection practices or patient turnover.
The carriage of mecA and PVL genes in cefoxitin-resistant S. aureus from fomites indicates that these strains are resistant to methicillin and capable of producing toxins that induce apoptosis and necrosis in human monocytes and polymorphonuclear cells, thereby provoking severe inflammatory reactions [14]. This dual burden of resistance and virulence amplifies the public health risk, as contaminated environmental surfaces in emergency units could facilitate nosocomial transmission, especially in resource-limited settings like Nigeria where MRSA colonization rates remain elevated [18]. Recent global surveillance data further emphasize the need for enhanced environmental monitoring, as PVL-positive MRSA has been linked to outbreaks in hospital settings, with median prevalences reaching 33% in some populations [19].
The lack of significant association between PVL carriage and methicillin resistance in the isolates from our study (p = 0.917) contrasts with previous reports of strong correlations between mecA and PVL genes in S. aureus as reported by Thapaliya et al [20], Wang et al [16], Ozekinchi et al [21], and  Ide et al [8]. However, this finding aligns with more recent investigations that have observed no statistically significant linkage; a 2024 hospital-based study by Adhikari et al in [11] Nepal reported no association between mecA (72.5% prevalence in MRSA) and PVL (7.5%) genes among clinical isolates (p = 0.267), and a 2025 analysis of SSTIs in Nigeria by Gaddafi et al [12] similarly found no difference in PVL positivity between MRSA and MSSA strains (p = 0.2). Such discrepancies may stem from clonal diversity, geographic factors, or the environmental niche of isolates, where PVL may confer independent advantages in surface persistence rather than co-evolving with mecA-mediated resistance [10]. Future genomic sequencing of these fomite-derived strains could elucidate underlying mechanisms, including plasmid mobility or horizontal gene transfer, to better inform targeted interventions.

4. Conclusion
This study reveals a high prevalence of both the PVL (73.9%) and mecA (56.5%) genes in cefoxitin-resistant Staphylococcus aureus isolates from fomites in emergency units of hospitals in Abuja, Nigeria, These findings underscore the role of environmental surfaces as reservoirs for virulent, methicillin-resistant strains capable of inducing leukocyte lysis, tissue necrosis, and severe inflammatory responses, potentially exacerbating nosocomial transmission in high-traffic settings. To mitigate this threat, intensified environmental surveillance, enhanced disinfection protocols, and antimicrobial stewardship are urgently recommended to curb the spread of these dual-threat pathogens.
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