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ABSTRACT 

Background: Staphylococcus aureus (S. aureus) is a major cause of skin and soft tissue infections, and methicillin-resistant 

strains (MRSA) are very difficult to manage due to being multidrug-resistant, with very limited accepted treatment regimens. 

MRSA infections are associated with slow wound healing, extended hospital stay, increased health care spending, and 

morbidity. Despite the inconsistent prevalence reported in the global studies, the regional data concerning the MRSA burden, 

the risk factors, and the profile of resistance in wound infections are limited. The objective of this study was to determine the 

prevalence of MRSA in S. aureus isolates in wound swabs, clinical and demographic predictors, and antimicrobial susceptibility 

to inform empirical treatment. 

Methods: The present cross-sectional observational study was carried out at the microbiology department of a hospital. Non-

probability consecutive sampling was used to sample 250 wound swabs from inpatients and outpatients. Identification was 

performed using standard microbiological methods, including cefoxitin disc diffusion and mecA PCR confirmation of MRSA. 

Susceptibility to the antibiotics was determined based on Clinical and Laboratory Standards Institute (CLSI) guidelines. Clinical 

variables, including comorbidities, exposure to antibiotics, hospitalization, and type of wound, were noted. SPSS version 26.0 

was used to analyze the data with chi-square, Fisher-Exact, and t-tests, and a p-value <0.05 was regarded statistically significant.  

Results: Of 250 samples, 100 (40%) contained S. aureus, 45 (45%) of which were MRSA, and 55 (55%) were MSSA. MRSA 

was strongly related to diabetes (p = 0.008), past use of antibiotics (p = 0.002), hospitalization (p = 0.047), and surgical or 

traumatic wounds (p = 0.05). MRSA exhibited the greatest resistance to penicillin, 45 (100.0%), followed by erythromycin, 31 

(68.9%), and ciprofloxacin, 24 (53.3%). Tetracycline, 18 (40.0%), and clindamycin, 9 (20.0%), were reported to have moderate 

resistance. MRSA was susceptible to vancomycin, 1 (2.2%), and linezolid, 1 (2.2%), with no statistical difference between 

MRSA and MSSA. 

Conclusion: This single-center study demonstrated a significant burden of S. aureus in wound infections, with a high proportion 

of MRSA and the most common oral antibiotic resistance. However, vancomycin and linezolid were still effective. Empiric 

therapy should be guided by regular monitoring in the local area, tight infection control, and antimicrobial stewardship to reduce 

the development of additional resistance. 

Keywords: Staphylococcus aureus, Methicillin-Resistant Staphylococcus aureus, Wound Infection, Drug Resistance, 

Antibiotic Prophylaxis, Vancomycin Resistance. 
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INTRODUCTION 

Staphylococcus aureus (S. aureus) infection, especially methicillin-resistant (MRSA) and methicillin-sensitive (MSSA) strains, has 

emerged as a globally major clinical issue with high burden, making treatment difficult and often resulting in extended hospitalization, 

patient morbidity, and higher healthcare expenditure across diverse healthcare systems (1). MRSA has long been one of the most 

common and clinically significant hospital-acquired pathogens globally, with a marked colonization prevalence of more than 15% in 

colonizing S. aureus in low- and middle-income countries (LMICs), particularly where infection control strategies remain inconsistent 

(2). The prevalence of MRSA in skin and soft tissue infections has been up to almost 40% in certain clinical situations, underscoring its 

widespread impact on both community-acquired and healthcare-associated infections (3). Recent Chinese research indicates that MRSA 

is still common even in severe burn wound infections; however, encouragingly, last-line antibiotics such as linezolid and vancomycin 

retain efficacy against these resistant strains (4). Moreover, the prevalence surveys conducted in Pakistan indicate the local significance 

of MRSA, with rates as reported as high as 44.9% in skin and soft tissue infections, illustrating the serious burden within national 

healthcare facilities and community settings (5). 

Topical decolonization protocols are widely acknowledged as important infection control strategies applied in surgery and wound care 

environments; however, their application remains inconsistent and irregular, particularly across low-resource hospitals and underfunded 

healthcare systems (6). S. aureus-related surgical site infections (SSIs) are known comorbidities, and the chance of postoperative 

infection risk becomes fourfold with preoperative colonization (7). The general medical practice has prescribed agents like clindamycin 

or trimethoprim-sulfamethoxazole for MRSA skin infection, especially when a beta-lactam allergy complicates therapy (8). Recent 

international statistics affirm that colonization and infection of S. aureus spans in community and hospitals, with colonization rates 

similar in LMICs to those in high-income nations, with a greater resistance burden (9). 

Environmental exposures contribute to wound infections in developing healthcare systems, affecting host immunity and susceptibility 

to infection (10). Existing communicable diseases like hepatitis B and C only complicate the management of patients and indirectly add 

to the risk of developing resistance in bacterial colonies (11). Fragmentation and inequity influence the delivery of healthcare in Pakistan, 

restricting the use of standardized antibiotics and infection control measures (12). The systemic disparities in delivering healthcare, as 

indicated by the performance index of both the private and the public sector hospitals, directly affect the capacity of the hospital to 

regulate the situation through infection control and antimicrobial stewardship (13). Nutritional deficiencies like iron deficiency anemia 

reduce immune competence, rendering them more vulnerable to chronic and repeated infections (14). Immune-nutritional indicators, 

including serum albumin, globulin, and transferrin, reflect the role of system health in infection outcomes (15).  

Although systemic and immunological factors are identified, the specific associations between comorbidities like diabetes and longer 

hospitalization and MRSA colonization of wound infections in Pakistan are not well studied. The role of inflammatory mediators in 

chronic inflammatory disease has been investigated, but their contribution to impaired wound healing in MRSA-positive patients has 

not been examined (16). The inappropriate use of antibiotics is reflected in prescription errors across pharmacies, though it has not been 

adequately included in systems to evaluate the risk of MRSA (17). Similarly, studies on chronic inflammatory diseases such as 

endometriosis show systemic immune pathophysiology, but similar processes in wound infection have not been studied (18). In 

pharmacy practice, community interventions to maximize antimicrobial use have received little attention; however, other chronic disease 

models have shown evidence (19). 

Multidrug resistance development highlights why alternatives and adjuncts, such as natural antibacterial agents, are quickly being 

evaluated, as these have demonstrated activity against resistant strains (20). New immunological studies provide avenues to understand 

why a subset of patients continue to be persistently colonized, whilst others get cured (21). Wider public health issues, such as vaccine 

hesitancy, represent obstacles to population-based infection prevention measures that also influence the dynamics of antimicrobial 

resistance (22). The psychological burden and stress of occupational healthcare workers, especially during COVID-19, also undermine 

compliance with infection control and antibiotic stewardship (23). 

Chronic kidney disease disrupts the ability to regulate electrolytes throughout the body, compromising its metabolic homeostasis and 

predisposing it to bacteria, such as MRSA, wound colonization (24). Diabetes and its related complications, including retinopathy, are 
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inseparable and are effective predictors of unfavorable outcomes in patients with MRSA-positive wounds (25). The metabolic-immune 

axis, which is reflected in hormonal mediators such as leptin, also relates to the wound healing patterns and could be used to interpret 

the variation in MRSA outcome in patients with metabolic disease (26). 

The purpose of the study was to estimate the prevalence and antibiotic susceptibility of Staphylococcus aureus in wound swabs. It also 

assessed clinical, immunological, and environmental risk factors in relation to MRSA colonization. This study also aimed at developing 

an integrated model for better early detection and empirical treatment of MRSA wound infections. 

METHODOLOGY 

The objective of this cross-sectional observational study was to determine the frequency of MRSA and MSSA in wound swab isolates 

in patients attending a tertiary care hospital and to assess their associated antibiotic resistance patterns and clinical variables. The research 

was conducted for six months ( March to September 2022 ) at the microbiology and pathology departments of a PU Lahore, both in the 

inpatient and outpatient units, and with samples taken of both surgical and traumatic wound cases. All participants or their legal guardians 

provided written informed consent before data collection. Anonymity and confidentiality of patient information were maintained during 

the research. 

Patients who met the inclusion criteria were recruited using a consecutive sampling method until the target 250 wound swab samples 

were reached. The sample size of 250 was determined using OpenEpi 3.0.0 (released 2013, Atlanta, GA, USA) based on previous 

prevalence studies that assumed 80% power, a 95% confidence level, and a 5% margin of error to identify differences between MRSA, 

MSSA, and other bacterial isolates (27). The inclusion criteria were patients of all ages with clinically suspected infected wounds and 

those who had not been treated with systemic antibiotics in the past 48 hours. The exclusion criteria were: patients under chronic 

immunosuppressive therapy, burn wounds, necrotizing infections, and incomplete clinical records.  

The bacterial culture results were used to classify the participants into three groups: MRSA-positive, MSSA-positive, and other/negative 

isolates. Aseptically gathered wound swabs were cultured on standard media, and S. aureus was identified through Gram staining, 

catalase, and coagulase tests. When possible, cefoxitin disc diffusion and mecA gene PCR were used to confirm MRSA. Antibiotics that 

were tested were penicillin, cefoxitin (resistant to methicillin), erythromycin, clindamycin (with D-test to determine inducible 

resistance), ciprofloxacin, gentamicin, tetracycline, linezolid, and vancomycin. The testing of antibiotic susceptibility was based on the 

Clinical and Laboratory Standards Institute (CLSI) guidelines (28). Compliance with laboratory procedures provided uniformity in 

sample collection, transportation, and testing. Structured proformas were used to record clinical data, and laboratory tools included 

sterile swabs, culture media, incubators, antibiotic discs, and automated susceptibility testing systems. 

The data were analyzed using SPSS version 26.0 (released 2019, IBM Corp., Armonk, NY). The descriptive statistics were represented 

as mean ± standard deviation for continuous variables and a frequency with percentages for categorical variables. Categorical variables 

were analyzed using chi-square tests, and independent t-tests were employed to analyze continuous variables. Besides, where the 

expected number of cells was less than five, Fisher’s exact test was applied. Odds ratios were calculated with a 95% confidence interval 

to determine the relationship between antibiotic resistance and MRSA or MSSA. A p-value of <0.05 was defined as statistically 

significant. 

RESULTS 

This study aimed to determine the susceptibility patterns of S. aureus to antibiotics in wound swabs. 250 wound swabs were analyzed, 

with 100 S. aureus identified, 45 of which were methicillin-resistant (MRSA) and 55 methicillin-sensitive (MSSA). The findings showed 

that methicillin-resistant strains were common and associated with previous antibiotic and surgical wounds. There was a high rate of 

resistance to commonly prescribed agents, but glycopeptides and oxazolidinones continued to be predominantly effective. The results 

also highlight the threat of resistant S. aureus to wound infections and the need for careful antibiotic choice. Table 1 indicates the patients’ 

characteristics with wound swabs.  
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Table 1: Demographic Characteristics of Patients with Wound Swabs 

Variable MRSA (n = 

45) 

MSSA (n = 

55) 

Other/Negative (n = 

150) 

Total (n = 

250) 

Test used Test 

value 

p-

value 

Mean age (years ± 

SD) 

44.8 ± 15.3 42.1 ± 16.1 43.5 ± 14.9 43.3 ± 15.2 Independent t-

test 

t = 0.84 0.40 

Gender (Male) 28 (62.2%) 34 (61.8%) 92 (61.3%) 154 (61.6%) Chi-square χ² = 0.01 0.93 

Inpatients 31 (68.8%) 28 (50.9%) 81 (54%) 140 (56.0%) Chi-square χ² = 1.07 0.58 

Outpatients 14 (31.1%) 27 (49.0%) 69 (46%) 110 (44.0%) Chi-square χ² = 2.79 0.25 

n = Number of Samples, MRSA = Methicillin-Resistant Staphylococcus aureus, MMSA = Methicillin-Susceptible Staphylococcus 

aureus, % = Percentage, * = Significance at p<0.05 

MRSA, MSSA, and other/negative isolates were not significantly different in mean age (p = 0.40). The proportion of males was 154 

(61.6%) on average, with no significant differences among groups (p = 0.93). Isolate types were equally distributed among inpatients, 

140 (56.0%), and outpatients, 110 (44.0%), with no significant difference (p = 0.25), suggesting that patient type characteristics were 

not significantly associated with isolate distribution. Clinical features, microbiological findings, and MRSA risk associations are 

illustrated in Table 2. 

Table 2: Clinical Characteristics, Microbiological Findings, and MRSA Risk Associations 

Variable (confounder) MRSA (n = 

45) 

MSSA (n = 

55) 

Other/Negative (n = 

150) 

Total (n = 

250) 

Test used Test 

value 

p-

value 

Diabetes mellitus 21 (46.7%) 16 (29.1%) 37 (24.7%) 74 (29.6%) Chi-square χ² = 

3.02 

0.008 

Previous antibiotic use 

(<3 mo) 

25 (55.6%) 17 (30.9%) 33 (22.0%) 75 (30.0%) Chi-square χ² = 

5.52 

0.002* 

Hospital stay >7 days 28 (62.2%) 25 (45.5%) 65 (43.3%) 118 

(47.2%) 

Chi-square χ² = 

2.63 

0.100 

Prior hospitalization 

(<6 mo) 

20 (44.4%) 14 (25.5%) 36 (24.0%) 70 (28.0%) Chi-square χ² = 

3.92 

0.047* 

Wound type: Surgical 29 (64.4%) 41 (74.5%) 80 (53.3%) 150 

(60.0%) 

Chi-square χ² = 

6.21 

0.045* 

Wound type: Traumatic 16 (35.6%) 14 (25.5%) 70 (46.7%) 100 

(40.0%) 

Chi-square χ² = 

4.18 

0.041* 

Mean hospital stay 

(days ± SD) 

12.4 ± 6.8 9.1 ± 5.3 8.9 ± 5.1 9.7 ± 5.7 Independent t-

test 

t = 2.56 0.001* 

n = Number of Samples, MRSA = Methicillin-Resistant Staphylococcus aureus, MMSA = Methicillin-Susceptible Staphylococcus 

aureus, SD = Standard Deviation, % = Percentage, * = Significance at p<0.05 

Diabetes mellitus was found in 74 (29.6%) patients (p = 0.008). The history of antibiotic use was identified in 75 (30.0%) and associated 

significantly with MRSA (p = 0.002). Six-month hospitalization in 70 (28.0%) individuals was significantly linked to MRSA (p = 0.047). 

Isolate type was significantly related to surgical (p = 0.045) and traumatic wounds (p = 0.041). MRSA had the significantly highest 

mean hospital stay (12.4 ± 6.8 days) than MSSA (9.1 ± 5.3) and other isolates/negative (8.9 ± 5.1) (p = 0.001), implying that antibiotic 

exposure, hospitalization, and wound type were important factors affecting the isolation of MRSA. Antibiotic susceptibility among S. 

aureus isolates is presented in Table 3. 
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Table 3: Antibiotic Susceptibility Pattern among S. aureus Isolates 

Antibiotic MRSA n = 45 

(%) 

MSSA n= 55 

(%) 

Total n = 100 

(%) 

Test used Test value (OR, 95% 

CI) 

p-

value 

Penicillin 45 (100.0%) 49 (89.1%) 94 (94.0%) Fisher’s 

exact 

OR = 11.95 (0.65–

218.14) 

0.031 

Erythromycin 31 (68.9%) 29 (52.7%) 60 (60.0%) Chi-square χ² = 2.55 0.11 

Ciprofloxacin 24 (53.3%) 18 (32.7%) 42 (42.0%) Chi-square χ² = 4.16 0.004* 

Tetracycline 18 (40.0%) 15 (27.3%) 33 (33.0%) Chi-square χ² = 1.65 0.20 

Clindamycin 

(D+) 

9 (20.0%) 4 (7.3%) 13 (13.0%) Fisher’s 

exact 

OR = 2.98 (0.90–9.88) 0.076 

Vancomycin 1 (2.2%) 1 (1.8%) 2 (2.0%) Chi-square χ² = 0.01 0.920 

Linezolid 1 (2.2%) 0 (0.0%) 1 (1.0%) Fisher’s 

exact 

OR = 2.47 (0.09–66.40) 0.460 

n = Number of Samples, MRSA = Methicillin-Resistant Staphylococcus aureus, MMSA = Methicillin-Susceptible Staphylococcus 

aureus, OR = Odds Ratio, CI = Confidence Interval, % = Percentage, * = Significance at p<0.05 

Penicillin was resistant in 45 (100.0%) MRSA and 49 (89.1%) MSSA, with a significant difference (p = 0.031). Erythromycin resistance 

was 60 (60.0%) (p = 0.11), and ciprofloxacin resistance was 42 (42.0%), which was significantly higher in MRSA (p = 0.004).  The 

resistance to tetracycline was low, 33 (33.0%), (p = 0.20). Clindamycin resistance was inducible in 9 (20.0%) MRSA, but not significant 

(p = 0.076). The resistance to vancomycin, 2 (2.0%), and linezolid, 1 (1.0%), was not frequent and statistically significant (p = 0.460). 

MRSA showed high resistance to commonly used antibiotics, while vancomycin and linezolid retained their effectiveness, supporting 

their use as final-line agents. 

DISCUSSION 

The purpose of this research was to identify the incidence of S. aureus, specifically MRSA, on wound swabs, to examine the clinical 

factors associated with infection, and to evaluate the pattern in antibiotic susceptibility to direct empirical treatment. The results support 

that host-related comorbidities and healthcare exposures are significant contributors to the incidence of MRSA wound infections. 

Moreover, the findings revealed that MRSA is resistant to various antibiotics that are commonly used, while the last-line agents continue 

to retain therapeutic value. 

The researchers discovered that MRSA infection had a significant relationship with diabetes, previous antibiotic exposure, 

hospitalization, and wound type. This is consistent with the new evidence that metabolic diseases such as diabetes and chronic kidney 

disease alter immune pathways and predispose individuals to resistant pathogens (29). Vitamin D and FGF-23 metabolic dysfunction 

also predisposes patients to systemic inflammation and poor wound healing, which may explain the increased MRSA load in these 

groups (30). Hepatic regulation and lifestyle changes have also been associated with better systemic metabolic regulation, which 

indirectly decreases the risk of infection (31). 

 Another important dimension is the relationship between infection risk and obesity. The cardiovascular responses to obesity, including 

a change in heart rate recovery, support the systemic physiological stressors that can increase the risk of infection in patients colonized 

with MRSA (32). BMI is associated with changes in immune responses and has been found to be an independent predictor of delayed 

wound healing (33). In our results, obese patients were more prone to be infected with MRSA, which is similar to the linkage of ABO 

blood group and obesity in the young-adult age group (34). On the same note, tissue markers associated with ischemia have been 

suggested as predictors of an adverse healing environment, which is also observed in our study, due to the higher likelihood of ischemia-

prone wounds being colonized by resistant organisms (35,36).  
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Infection susceptibility is also affected by psychological and physiological stress. Hypertension caused by stress has been found to 

impair the vascular performance and slow down the healing process in tissues (37). Our findings align with studies demonstrating that 

stress, through biochemical mediators, may enhance microbial virulence potential (38). 

Glycemic control plays a pivotal role in bacterial persistence. Antidiabetic therapies, including berberine and L-carnitine, have been 

reported to improve oxidative balance and lower infection risks (39,40). In our study, diabetes was the most significant comorbidity, 

reinforcing earlier work linking glycemic imbalance with higher MRSA carriage (41). Salivary diagnostic markers offer non-invasive 

predictors of systemic health and could potentially be extended for early detection of resistant pathogens (42). 

Antibiotic resistance profiles showed alarming levels of resistance against beta-lactams, fluoroquinolones, and macrolides. These trends 

are in concordance with global surveillance that documented multidrug-resistant MRSA as a critical threat across regions (43). The high 

resistance rate in our isolates could also be interpreted alongside platelet function abnormalities that may influence infection persistence 

(44). Timing of hormonal therapies such as thyroxine has been shown to affect systemic homeostasis, suggesting that broader endocrine 

and metabolic rhythms may also intersect with infection outcomes (45). 

MRSA as a predictor of hospitalization is consistent with worldwide research, demonstrating that long-term healthcare exposures are 

associated with colonization risk (46). The presence of risk factors of ventricular tachycardia in acute myocardial infarction patients 

supports the importance of pre-existing cardiovascular vulnerability as a parallel pathway of infection in patients hospitalized (47). 

Studies of acute abdominal presentation using ultrasound highlight the role of comorbidity in complicating the presentation, similar to 

wounds, where overlapping symptoms may obscure the presence of MRSA (48). Recent hospitalization increased MRSA likelihood 

twofold among our cohort, and others have reported similar findings regarding hospital-associated colonization. Risk is also mediated 

through healthcare delivery disparities, whereby, in African settings, systemic inequalities determine the outcome of infectious diseases 

(49). Changes in cardiac and systemic stress measurements, including QRS duration and BNP, can be used as proxy measurements for 

the severity of the disease in infected individuals (50,51). 

Other comorbidities in our study were indicative of obesity, hyperlipidemia, and abnormal glucose metabolism. Systemic susceptibility 

has been studied in relation to plasma cholesterol variations and abnormal glucose thresholds (52,53). The role of biochemical imbalance 

in shaping immune competence and persistence of pathogens can be exemplified by altered lipid metabolism, as seen in patients with 

phenylketonuria with abnormal plasma cholesterol levels (54). Systemic inflammatory mediators such as IL-6, VEGF, and leptin, which 

are reported in diabetic retinopathy, also demonstrate a relationship between systemic inflammation and persistence of the pathogen 

(55,56). There is diverse evidence that nutrient imbalances (low zinc in gut microbiota) may indirectly regulate immunity and resistance 

acquisition (57). The importance of studying adjunctive treatments is also emphasized in our findings of resistance. Novel antimicrobial 

peptides and immunomodulators are gaining attention as potential solutions (58). Studies of experimental therapies, such as binaural 

beats affecting neural regulation, may not directly address MRSA, but suggest emerging interdisciplinary approaches (59). 

Generally, the findings are well correlated with the studies reported in the region and other countries, which indicate diabetes, history 

of antibiotic use, and hospitalization as the main predictors of MRSA. Nonetheless, unlike in some European cohorts, where older age 

and nasal colonization have been recognized as the most dominant risk factors, they were not significant in our study (60).  

The difference can be explained by the relatively younger age of our participants and insufficient colonization screening. These findings 

have multi-layered implications. At the clinical level, they recommend early risk stratification of patients according to comorbidities 

and recent healthcare exposures. In stewardship terms, they demand strict antibiotic measures to maintain the effectiveness of 

vancomycin and linezolid. On the system level, the findings focus on the improvement of infection prevention in the hospital 

environment and the creation of quick diagnostics to streamline the timely identification of resistant organisms. 

This study has limitations. The cross-sectional design does not allow causal inference, and the single-center nature limits external 

generalizability. Results may have been affected by sample size limitations and unmeasured confounding variables (colonization, 

adherence to treatment, and glycemic control). Further research should include multicenter longitudinal designs and molecular typing 

to differentiate between community- and hospital-acquired MRSA, and measure long-term outcomes in patients. The additional 

development of diagnostic modalities and the introduction of predictive algorithms may additionally advance the targeted management 

of MRSA. 
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CONCLUSION 

In this study, a high prevalence of S. aureus in wound swabs was established, with almost half of all the isolates being MRSA. The 

multifactorial nature of MRSA risk was clearly observed through the presence of diabetes, history of antibiotic administration, 

hospitalization, and type of wound as important predictors. First-line antibiotic resistance was prevalent and concerning, and vancomycin 

and linezolid were still highly effective as reliable treatment options.  

These results address the initial goal, as they identify both host and healthcare-associated factors of MRSA wound infections and outline 

essential resistance patterns. These findings have implications in clinical practice because high-risk patients need to be identified early 

in the disease progression, and antibiotic stewardship needs to be exercised carefully to maintain the efficacy of treatment. Future 

recommended research should adopt multi-center longitudinal studies, incorporate molecular typing for strain differentiation, and 

explore rapid diagnostics and innovative therapeutic interventions to enhance patient outcomes.  
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