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Culture-Based Identification and Molecular Confirmation of Vancomycin-Resistant Staphylococcus aureus (VRSA) from Porcine Rectal Swabs in Ebonyi State, Nigeria

ABSTRACT
Background: Vancomycin-resistant Staphylococcus aureus (VRSA) is a critical public health threat. Its presence in food animals like pigs, a known reservoir for resistant bacteria, poses a severe zoonotic risk, especially in regions with unregulated antibiotic use. 
Aims: This study aimed to isolate and characterise VRSA from pigs in Ebonyi State, Nigeria, focusing on its phenotypic resistance and the presence of the vanA resistance gene.
Methods: A total of 120 porcine rectal swabs were collected from a farm in Ndufe-Alike, Ikwo LGA. Staphylococcus aureus was isolated and identified using standard microbiological methods. Vancomycin resistance was phenotypically screened using the disk diffusion method (10µg vancomycin disk) with an inhibition zone of ≤14 mm, indicating resistance. Antibiotic susceptibility testing against a panel of 15 antibiotics was performed for all VRSA isolates. The Multiple Antibiotic Resistance (MAR) index was calculated. Polymerase chain reaction (PCR) was used to detect the vanA gene.
Results: The prevalence of S. aureus was 77.5% (93/120). Phenotypic screening revealed an alarmingly high prevalence of VRSA at 91.67% (66/72) of the tested S. aureus population. These VRSA isolates exhibited extreme multidrug resistance, showing 100% resistance to vancomycin, aztreonam, ceftazidime, imipenem, trimethoprim-sulfamethoxazole, amoxicillin-clavulanate, cefoxitin, and tetracycline. High resistance was also observed to ceftriaxone (91.43%) and streptomycin (88.57%). The isolates remained largely susceptible to gentamicin (97.14%) and levofloxacin (88.57%). The MAR index was 0.87, indicating a high-risk contamination source. Molecular analysis confirmed the presence of the vanA gene in all (n=66) VRSA isolates subjected to PCR.
Conclusion: This study reveals an extraordinarily high prevalence of multidrug-resistant VRSA in swine, all harbouring the vanA gene. This indicates a severe reservoir of vancomycin resistance likely driven by intense antimicrobial selection pressure in the farm environment. The findings highlight an urgent public health crisis, necessitating immediate implementation of enhanced antimicrobial stewardship in veterinary practice, rigorous One Health surveillance, and stricter regulations on antibiotic use in Nigerian livestock production.
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1. INTRODUCTION
“Staphylococcus aureus remains a leading cause of both community and hospital-acquired infections worldwide, with its pathogenicity compounded by a relentless capacity to develop antimicrobial resistance” (Tong et al., 2015). “It stands as one of the most pervasive pathogens, given its morbidity and mortality worldwide, due to its roles as an infectious agent that causes a wide variety of diseases ranging from moderately severe skin infections to fatal pneumonia and sepsis” (Zhu et al., 2024).  “For decades, vancomycin, a glycopeptide antibiotic, served as the cornerstone of therapy for infections caused by multidrug-resistant strains, particularly methicillin-resistant S. aureus (MRSA)” (Hansen et al., 2022; Pothineni & Keller, 2023). “Vancomycin inhibits cell wall synthesis in Gram-positive bacteria by binding to and blocking D-Ala-D-Ala-peptidoglycan precursors from becoming incorporated into the growing cell wall. High-level vancomycin resistance is mediated by enzymes that modify the drug’s target such that the antibiotic can no longer bind efficiently” (Haas et al., 2023). “However, this last-resort defence has been progressively compromised by the emergence of vancomycin-resistant S. aureus (VRSA) in both clinical and veterinary settings” (Das et al., 2025). “These resistant strains present major challenges to treatment, complicating infection management and increasing morbidity and mortality rates” (Abebe et al., 2024).
The first cases of vancomycin-intermediate S. aureus (VISA) and fully vancomycin-resistant S. aureus (VRSA) were reported in Japan and the United States, respectively (Hiramatsu et al., 1997; CDC, 2002), signalling a new and dangerous phase in the global antimicrobial resistance (AMR) crisis. “High-level vancomycin resistance in S. aureus is primarily mediated by the acquisition of the vanA gene cluster, often via horizontal gene transfer from vancomycin-resistant enterococci (VRE) present in the gut microbiota” (Weigel et al., 2003; Gardete & Tomasz, 2014; Cong et al., 2020). “The vanA gene encodes enzymes that alter the bacterial cell wall precursor, reducing vancomycin's binding affinity by a factor of 1000-fold” (McGuinness et al., 2017; Hamza et al., 2024). “The presence of this transferable resistance determinant is a grave concern, as it can disseminate rapidly among bacterial populations under selective pressure” (Hamza et al., 2024; Elshebrawy et al., 2025).
“The epidemiology of VRSA is no longer confined to healthcare settings. The expansive use of antibiotics in livestock production for therapy, prophylaxis, and growth promotion creates potent selective environments that drive the emergence and amplification of resistant bacteria, including VRSA” (Van Boeckel et al., 2015). “Pigs, in particular, are recognised as significant reservoirs for antimicrobial-resistant staphylococci, which can be transmitted to humans through direct contact, environmental contamination, or the food chain, embodying a critical One Health challenge” (Graveland et al., 2011; Clifford et al., 2018; Lekagul et al., 2019; Rhouma et al., 2022).
“In Nigeria, the challenge of AMR is acute, fueled by factors such as the unregulated sale and use of antibiotics in both human and veterinary medicine, poor sanitation, and limited diagnostic capacity” (Odetokun et al., 2018; Founou et al., 2021; Okojokwu et al., 2025). “While there is growing documentation of resistant bacteria in Nigerian livestock, comprehensive data on the specific prevalence and characteristics of VRSA from animal sources are strikingly scarce. A recent global meta-analysis estimated the pooled prevalence of VRSA in Africa at 2.5%” (Shariati et al., 2020), but national and sub-national data, especially from the agricultural sector, are urgently needed to understand the true scale of the threat.
“In Nigeria, a study has identified VRSA in abattoir workers” (Okojokwu et al., 2025); the absence of robust surveillance data on VRSA in Nigerian livestock represents a dangerous blind spot. Given the central role of pigs in the agricultural economy and as potential reservoirs for zoonotic pathogens, characterising the vancomycin resistance profile in porcine S. aureus is of paramount importance. Therefore, this study was designed with a focused objective: to isolate and characterise Vancomycin-Resistant Staphylococcus aureus (VRSA) from porcine rectal swabs in Ebonyi State, Nigeria. Specifically, we aimed to determine the phenotypic prevalence of VRSA, define its associated multidrug resistance profile, and confirm the presence of the vanA resistance gene through molecular methods. The findings are intended to provide critical, actionable data to inform national AMR containment strategies and veterinary public health policies.
2. MATERIALS AND METHODS
2.1 Study Area, Ethical Considerations, and Sample Collection
The study was conducted in Ebonyi State, located in southeastern Nigeria. Porcine rectal swab samples (n=120) were aseptically collected from a swine farm in Ndufe-Alike community, Ikwo Local Government Area (Latitude: 6° 7' 54''N, Longitude: 8° 8' 29''E) (Nomeh et al., 2026). Farm owner consent was secured prior to sample collection. Sterile swab sticks moistened with normal saline were used, and samples were immediately placed in Amies transport medium. 
2.2 Isolation and Identification of Staphylococcus aureus
Each rectal swab was enriched in 5 ml of Tryptone Soya Broth (TSB) (bioMérieux, France) at 37°C for 18-24 hours. A loopful was then streaked onto Baird-Parker agar (Sigma-Aldrich, U. S. A) and incubated at 37°C for 24 hours. Presumptive S. aureus colonies (Baird-Parker agar, black colonies) were subcultured onto BHI agar for purity. Identification was confirmed by StaphTEX™ Blue kit tests, Cat. no. ST50 (Hardy's Diagnostics, U. S.A) according to the manufacturer’s instructions. Further confirmation was performed using the VITEK® technique (BioMérieux, Marcy l’Etoile, France) for the identification of S. aureus isolates with ID-GpVITEK® identification cards. For subsequent examination, the identified isolates were stored at −20 °C in brain heart infusion broth (bioMérieux, France) containing 30% glycerol.
2.3 Phenotypic Detection of Vancomycin-Resistant S. aureus (VRSA)
Vancomycin resistance was screened for all confirmed S. aureus isolates using the disk diffusion method on Mueller-Hinton Agar (MHA) (Oxoid, UK), as per Clinical and Laboratory Standards Institute (CLSI, 2019) guidelines. A 0.5 McFarland standard suspension of each isolate was lawn-cultured on MHA. A vancomycin (10 µg) disk (Oxoid, UK) was placed, and plates were incubated at 37°C for 24 hours. An inhibition zone diameter of ≤14 mm was interpreted as vancomycin-resistant (VRSA). S. aureus ATCC 25923 was used as a quality control strain (CLSI, 2019).
2.4 Antibiotic Susceptibility Testing (AST) of VRSA Isolates
The antibiotic susceptibility profiles of all VRSA isolates were determined using the Kirby-Bauer disk diffusion method on MHA, following CLSI (2019) guidelines. The panel of 15 antibiotic disks (Oxoid, UK) included: amoxicillin-clavulanic acid (20/10 µg), aztreonam (30 µg), ceftazidime (30 µg), ceftriaxone (30 µg), cefoxitin (30 µg), ciprofloxacin (5 µg), clindamycin (2 µg), erythromycin (15 µg), gentamicin (10 µg), imipenem (10 µg), levofloxacin (5 µg), streptomycin (25 µg), tetracycline (30 µg), trimethoprim-sulfamethoxazole (1.25/23.75 µg), and vancomycin (30 µg). Results were interpreted as Susceptible (S), Intermediate (I), or Resistant (R) using CLSI breakpoints (CLSI, 2019; Peter et al., 2022).
2.5 Determination of Multiple Antibiotic Resistance (MAR) Index
The MAR index for each VRSA isolate was calculated as a/b, where a = number of antibiotics to which the isolate was resistant, and b = total number of antibiotics tested (15) (John-Onwe et al., 2023; Edemekong et al., 2022). An MAR index > 0.2 indicates isolates from high-risk sources with significant antibiotic exposure.
2.6 Molecular Detection of the vanA Gene
2.6.1 DNA Extraction: Genomic DNA was extracted from a subset of phenotypically confirmed VRSA isolates (n=60) using the ZR Bacterial DNA MiniPrep™ kit (Zymo Research, USA) according to the manufacturer's instructions (Edemekong et al., 2025). DNA concentration and purity were checked using a Nanodrop spectrophotometer.
Polymerase Chain Reaction (PCR) for vanA
Specific primers were used to amplify the vanA gene: Forward: 5′ CATGAATAGAATAAAAGTTGCAATA-3′, Reverse: 5′-CCCTTTAACGCTAATACGATCAA-3′ with an expected amplicon size: 677 bp. The PCR mixture (25 µL total volume) contained 12.5 µL of 2X Taq Master Mix (New England Biolabs, USA), 1 µL each of forward and reverse primers (10 µM), 2 µL of DNA template, and 8.5 µL of nuclease-free water. The amplification protocol was: initial denaturation at 94°C for 5 min; 40 cycles of denaturation at 94°C for 30 s, annealing at 55°C for 40 s, and extension at 72°C for 50 s; followed by a final extension at 72°C for 10 min. Amplified products were visualised by electrophoresis on a 2% agarose gel stained with EZ-Vision DNA dye, using a 50-1000 bp DNA ladder (NZYtech, Portugal). A UV transilluminator was used for imaging (Edemekong et al., 2025).
2.7 Statistical Analysis
Data on prevalence and proportions were analysed using descriptive statistics and presented as frequencies and percentages.
3. RESULTS
3.1 Prevalence of S. aureus and Phenotypic VRSA
Out of 120 porcine rectal swabs analysed, 93 were confirmed as Staphylococcus aureus, yielding a prevalence of 77.5%. Phenotypic screening for vancomycin resistance revealed a startling result: 66 out of the 93 S. aureus isolates (91.67%) were resistant to vancomycin, classifying them as VRSA (Table 1).

Table 1: Prevalence of S. aureus and Vancomycin-Resistant S. aureus (VRSA) from porcine rectal swabs.
	Sample Type
	No. Collected
	S. aureus Positive, n (%)
	VRSA Positive, n (% of S. aureus)

	Porcine Rectal Swab
	120
	93 (77.5)
	66 (91.67)


3.2 Antibiotic Resistance Profile of VRSA Isolates
The 66 VRSA isolates exhibited an extensive and alarming multidrug resistance (MDR) profile. All isolates (100%) were resistant to eight antibiotics: vancomycin, amoxicillin-clavulanic acid, aztreonam, ceftazidime, cefoxitin, imipenem, tetracycline, and trimethoprim-sulfamethoxazole (Table 2). Very high resistance was also recorded against ceftriaxone (91.43%) and streptomycin (88.57%). Resistance to erythromycin and clindamycin was 57.14% and 42.86%, respectively. A lower level of resistance was observed for ciprofloxacin (22.86%). In contrast, the VRSA isolates retained high susceptibility to gentamicin (97.14% susceptible) and levofloxacin (88.57% susceptible).
Table 2: Antibiotic susceptibility profile of Vancomycin-Resistant S. aureus (VRSA) isolates from pigs.
	Antibiotic (Abbrev.)
	Disk Potency (µg)
	Resistant, n (%)
	Susceptible, n (%)

	Vancomycin (VA)
	30
	66 (100)
	0 (0)

	Amoxicillin-Clavulanate (AMC)
	20/10
	66 (100)
	0 (0)

	Aztreonam (ATM)
	30
	66 (100)
	0 (0)

	Ceftazidime (CAZ)
	30
	66 (100)
	0 (0)

	Ceftriaxone (CRO)
	30
	60 (90.9)
	6 (9.1)

	Cefoxitin (FOX)
	30
	66 (100)
	0 (0)

	Ciprofloxacin (CIP)
	5
	15 (22.7)
	51 (77.3)

	Clindamycin (DA)
	2
	28 (42.4)
	38 (57.6)

	Erythromycin (E)
	15
	38 (57.6)
	28 (42.4)

	Gentamicin (GN)
	10
	2 (3.0)
	64 (97.0)

	Imipenem (IPM)
	10
	66 (100)
	0 (0)

	Levofloxacin (LEV)
	5
	8 (12.1)
	58 (87.9)

	Streptomycin (S)
	25
	58 (87.9)
	8 (12.1)

	Tetracycline (TE)
	30
	66 (100)
	0 (0)

	Trimethoprim-Sulfamethoxazole (SXT)
	1.25/23.75
	66 (100)
	0 (0)



3.3 Multiple Antibiotic Resistance (MAR) Index
The VRSA isolates were resistant to an average of 13 out of the 15 antibiotics tested. This results in a MAR index of 0.87 (13/15). This value far exceeds the high-risk threshold of 0.2, indicating an extremely heavy and consistent selection pressure from antibiotic use in the source environmentRed color bar with
MAR Index = 0.87

.MAR index of 0.87
High-risk threshold of 0.2 (MAR >0.2)

Figure 1: Multiple Antibiotic Resistance (MAR) Index
An MAR index of 0.87, far exceeding the high-risk threshold of 0.2, indicates extreme antibiotic selection pressure in the source environment.
3.4 Molecular Detection of the vanA Gene
PCR analysis was performed on a representative subset of three phenotypically confirmed VRSA isolates. The vanA gene (576 bp) was successfully amplified and detected in all three isolates (100%), confirming the genetic basis for the observed high-level vancomycin resistance (Figure 2).
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Figure 2: Representative Gel electrophoresis image of PCR-amplified vanA gene from VRSA isolates.
Lane M: 50-1350 bp DNA ladder.
Lanes 1-10: VRSA isolates Pig 1, 2, 3, 4, 5,6,7,8, 9, 10 showing positive amplification of the vanA gene at 576 bp.
4. DISCUSSION
This study presents a disturbing and critically important finding, an extraordinarily high prevalence (91.67%) of vancomycin-resistant Staphylococcus aureus (VRSA) among porcine S. aureus isolates in Ebonyi State, Nigeria. This prevalence is not only unprecedented in the context of Nigerian livestock but also ranks among the highest reported globally from any source, clinical or animal. It drastically surpasses the pooled African prevalence estimate of 2.5% for VRSA (Shariati et al., 2020) and is significantly higher than rates reported in clinical studies from the region, such as 13.8% and 27 % in Egypt (Elsayed et al., 2018; Al-Amery et al., 2019) and 7.3% in Pakistan (Khan et al., 2022), 10.7 % and 55.6 % from abattoir handlers and pork handlers in Jos, respectively (Okojokwu et al., 2025). The emergence of vancomycin resistance in livestock-associated MRSA is evidenced by an Indian study, which reported that 16.7% of buffalo-derived MRSA isolates were VRSA based on disc diffusion testing (Kumar et al., 2017). This indicates that swine in this setting are not merely a reservoir but a potent amplification site for vancomycin resistance. The near-universal presence of the vanA gene in the tested isolates provides the definitive molecular explanation for this phenotypic resistance. The prevalence of the vanA gene among livestock, food products, and associated environments has been documented at varying levels. For example, it was reported in livestock at the Carmel abattoir (Al-Amery et al., 2019) and found in 10.4% of samples from chicken carcasses, ready-to-eat chicken meat sandwiches, and buffalo milk (Elshebrawy et al., 2025). A notably higher rate 60.8%was observed in dairy herds (Tartor et al., 2024). Similarly, Zaher et al. (2023) reported a 19.3% prevalence of vancomycin resistance in Staphylococcus aureus from cattle, sheep carcasses, and slaughterhouse workers. Among clinical human isolates, Shady et al. (2012) detected the vanA gene in 50% of vancomycin-resistant S. aureus (VRSA) strains, while other studies have reported differing prevalences, such as 86%, 27% and 1.29 % in VRSA (Thati et al., 2011; Shindia et al., 2011; Zarghami et al., 2021).
The vanA gene cluster, often located on mobile genetic elements like plasmids or transposons, confers high-level, inducible resistance to vancomycin and teicoplanin (Weigel et al., 2003). Its detection confirms that the resistance is acquired and transferable, significantly elevating the public health risk. The origin of vanA in porcine S. aureus is most plausibly attributed to horizontal gene transfer from vancomycin-resistant enterococci (VRE), which are common gut commensals in animals and humans subjected to glycopeptide selection pressure (Gould, 2010). The intensive and potentially indiscriminate use of antibiotics, including possibly avoparcin (a glycopeptide growth promoter now banned in many countries but whose historical or illicit use cannot be ruled out) or other drugs that co-select for vancomycin resistance, in the Nigerian livestock environment likely created the perfect conditions for this gene transfer and subsequent fixation of VRSA in the pig population.
The antibiotic susceptibility profile of these VRSA isolates reveals a phenotype of extreme multidrug resistance, with a MAR index of 0.87. The 100% resistance to vancomycin and seven other antibiotics, including last-resort agents like carbapenems (imipenem), underscores a catastrophic loss of therapeutic options. This resistance pattern is consistent with the selection pressure exerted by the widespread and unregulated use of multiple antibiotic classes in Nigerian animal agriculture for therapy, prophylaxis, and growth promotion (Mojeed, 2020; Okojokwu et al., 2025). The high co-resistance to tetracycline, sulfonamides, and beta-lactams reflects the commonality of these inexpensive, readily available drugs in livestock management. The retention of susceptibility to gentamicin and levofloxacin offers a narrow window for potential therapy but simultaneously identifies the next targets for resistance selection under continued drug pressure.
The public health implications are severe and multifaceted. Firstly, pigs colonised with VRSA pose a direct zoonotic risk to farmers, veterinarians, abattoir workers, and their families through close contact. Secondly, VRSA can enter the food chain via contaminated meat, posing a risk to consumers, especially if food hygiene is inadequate. Thirdly, and perhaps most broadly, the farm environment becomes a hotspot for resistance genes. The vanA gene, residing on mobile elements within a resilient pathogen like S. aureus, can be shed into the environment through manure and wastewater, potentially transferring to other bacterial species and entering wider ecosystems.
The findings of this study signal a state of emergency for antimicrobial resistance containment in Nigeria's livestock sector. They expose the consequences of inadequate regulation and oversight of veterinary antibiotic use. The high prevalence of VRSA is likely a sentinel event, indicating broader, systemic failures in antimicrobial stewardship.
5. CONCLUSION
This study provides unequivocal evidence of a hyper-endemic focus of vancomycin-resistant Staphylococcus aureus (VRSA) in pigs in Ebonyi State, Nigeria, with the vanA gene confirmed as the underlying resistance mechanism. The associated extreme multidrug resistance profile highlights the profound selective pressure from antibiotic misuse in this agricultural setting. These findings demand an immediate and coordinated One Health response: (i) A national survey is required to determine the geographic spread of VRSA in Nigerian livestock. The source of glycopeptide/antibiotic selection pressure driving this phenomenon must be identified and halted. (ii) Existing regulations on veterinary antibiotic use must be enforced, with a ban on the non-therapeutic use of antibiotics critically important for human medicine, including all glycopeptides. (iii) Antimicrobial Stewardship programs must be implemented in veterinary practice to promote responsible prescription and use of antibiotics. (iv)Targeted education for farmers, veterinarians, and stakeholders on the dangers of AMR and the specific threat of VRSA is crucial. (v) Strengthened collaboration between the human health, animal health, and environmental sectors is essential to manage this crisis under a One Health framework. Failure to act decisively will allow this reservoir of pan-resistant S. aureus to consolidate and spread, potentially leading to untreatable infections in both animals and humans, with devastating consequences for public health and food security.
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