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Background: Methicillin-resistant Staphylococcus aureus (MRSA) is a 

persistent global health concern due to its role in hospital-acquired infections 

(HAIs) and its resistance to commonly used antibiotics, particularly beta-

lactams. The emergence of MRSA clones in healthcare settings presents a 

significant challenge to infection control, leading to high morbidity, mortality, 

and increased healthcare costs. Purpose: This observational study explores the 

molecular epidemiology of MRSA within a tertiary care hospital, identifying 

the prevalent MRSA strains, molecular characteristics, and potential risk 

factors associated with colonization and infection. 
Materials and Methods: A cross-sectional observational study was 

conducted over one year at a tertiary care hospital. Clinical specimens were 

obtained from patients with suspected MRSA infections across various wards. 

Standard microbiological methods confirmed MRSA presence. Molecular 

typing, including pulsed-field gel electrophoresis (PFGE) and staphylococcal 

cassette chromosome mec (SCCmec) typing, was performed to identify 

genetic relationships between strains. STROBE guidelines were strictly 

adhered to in designing and reporting the study. Antibiotic susceptibility 

testing was conducted using the Kirby-Bauer disk diffusion method.  

Results: Of the 500 clinical specimens collected, 150 were identified as 

MRSA-positive. Molecular analysis revealed three dominant MRSA clones 

circulating within the hospital, with SCCmec type IV accounting for the 

majority of isolates. Prolonged hospitalization, antibiotic use, and ICU 

admissions emerged as significant risk factors for MRSA acquisition. All 

isolates exhibited high resistance to commonly used antibiotics, with 100% 

susceptibility to vancomycin. 

Conclusion: This study underscores the importance of continuous molecular 

surveillance of MRSA to control its spread in healthcare settings. Identifying 

dominant clones and associated risk factors is vital for tailoring infection 

control measures and optimizing antibiotic stewardship.  

Keywords: molecular epidemiology, Methicillin-Resistant, Staphylococcus 

Aureus, Treatment Measures. 
 

 

INTRODUCTION 
 

Methicillin-resistant Staphylococcus aureus 

(MRSA) remains a significant pathogen responsible 

for a wide range of infections, particularly in 

hospital environments. Its ability to acquire 

resistance to beta-lactam antibiotics, including 

methicillin, has created a persistent challenge in 

healthcare settings.[1-3] MRSA contributes 

significantly to the global burden of HAIs, resulting 
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in prolonged hospital stays, increased healthcare 

costs, and adverse patient outcomes. Despite various 

infection control programs and antibiotic 

stewardship initiatives, MRSA continues to thrive in 

healthcare settings due to its capacity for rapid 

genetic adaptation and clonal dissemination.[4,5] 

Understanding the molecular epidemiology of 

MRSA is critical to improving hospital infection 

control measures and preventing outbreaks.[6] The 

ability to identify prevalent MRSA clones and their 

transmission dynamics can inform targeted 

interventions and optimize patient care. The present 

study seeks to provide an in-depth examination of 

the molecular epidemiology of MRSA in a tertiary 

care hospital, with a focus on identifying prevalent 

strains, their molecular characteristics, and the risk 

factors associated with colonization and infection. 

 

MATERIALS AND METHODS 
 

This study was designed and reported in accordance 

with the Strengthening the Reporting of 

Observational Studies in Epidemiology (STROBE) 

guidelines, ensuring rigorous data collection, 

analysis, and interpretation. The observational 

nature of the study allowed for the comprehensive 

evaluation of MRSA epidemiology within the 

hospital setting. 

Study Design and Setting 

This cross-sectional observational study was 

conducted over a one-year period (August 2023 - 

August 2024) in Department of Microbiology, P K 

Das Insitute of Medical Sciences. The hospital 

caters to a diverse population, including critical 

care, medical, surgical, and outpatient services. The 

study was conducted across all hospital wards, with 

a particular focus on the Intensive Care Unit (ICU), 

general medical wards, and surgical wards, where 

MRSA infections are most prevalent. 

Population and Sample 

The study population consisted of all patients 

admitted to the hospital during the study period who 

presented with clinical signs of infection and were 

suspected of harboring Staphylococcus aureus. 

Inclusion criteria included patients of all ages, sexes, 

and comorbid conditions who had not previously 

been diagnosed with MRSA. Patients who received 

treatment in the hospital for less than 48 hours were 

excluded, as were those who had recent antibiotic 

exposure unrelated to the suspected infection. 

A total of 500 clinical samples were collected from 

these patients. The samples included blood, wound 

swabs, pus, respiratory secretions, and urine. Ethical 

approval was obtained from the institutional review 

board (IRB), and informed consent was obtained 

from all participants or their legal guardians. 

Microbiological Procedures 

Microbiological identification of Staphylococcus 

aureus was carried out using Gram staining, catalase 

testing, and coagulase tests. Confirmation of 

methicillin resistance was conducted using the 

cefoxitin disc diffusion method following the 

guidelines provided by the Clinical and Laboratory 

Standards Institute (CLSI). MRSA isolates were 

confirmed by the presence of the mecA gene, 

detected through polymerase chain reaction 

(PCR).[6] 

Molecular Typing 

Pulsed-field gel electrophoresis (PFGE) was used to 

establish clonal relationships among MRSA isolates. 

The genomic DNA of each MRSA isolate was 

digested using SmaI restriction enzyme, and the 

resulting fragments were separated using PFGE. 

Banding patterns were analyzed and compared to 

identify distinct clones circulating within the 

hospital. Additionally, staphylococcal cassette 

chromosome mec (SCCmec) typing was performed 

to determine the types of SCCmec elements present 

in each MRSA isolate. PCR was utilized for 

SCCmec typing, focusing on the identification of 

types I-V, which are commonly associated with 

healthcare-associated MRSA strains.[7] 

Data Collection and Variables 

Demographic data (age, gender), clinical 

information (comorbidities, previous 

hospitalizations, and antibiotic use), and 

hospitalization characteristics (ward, length of stay, 

and ICU admission) were collected from patient 

records. Data on infection outcomes, including 

complications, treatment, and discharge status, were 

also recorded. The primary outcome was the 

identification of MRSA colonization or infection. 

Secondary outcomes included the determination of 

MRSA prevalence and identification of molecular 

characteristics of the isolates. 

Antibiotic Susceptibility Testing 

 Antibiotic susceptibility testing (AST) was 

performed using the Kirby-Bauer disc diffusion 

method, with results interpreted based on CLSI 

guidelines. The antibiotics tested included cefoxitin, 

clindamycin, erythromycin, tetracycline, 

ciprofloxacin, gentamicin, linezolid, and 

vancomycin. The minimum inhibitory concentration 

(MIC) for vancomycin was determined using the E-

test method. The resistance profiles of MRSA 

isolates were analyzed to identify multidrug-

resistant strains and assess the effectiveness of 

current antibiotic regimens.[4] 

Statistical Analysis 

 Data analysis was performed using SPSS software 

version 25. Descriptive statistics, including means, 

medians, frequencies, and percentages, were used to 

summarize the data. The prevalence of MRSA was 

calculated as the proportion of MRSA-positive 

samples among all clinical samples collected. Chi-

square tests and logistic regression analysis were 

conducted to determine the significance of risk 

factors associated with MRSA colonization or 

infection. P-values <0.05 were considered 

statistically significant. 
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RESULTS 

 

Patient Demographics and Clinical 

Characteristics 
A total of 500 patients were enrolled in the study, 

and 150 patients (30%) were confirmed to have 

MRSA infections. The median age of MRSA-

positive patients was 61 years (IQR: 45-75), with a 

slight male predominance (58%). Most of these 

patients presented with multiple comorbidities, such 

as diabetes (45%), chronic obstructive pulmonary 

disease (COPD) (27%), and chronic kidney disease 

(21%). Table 1 summarizes the demographic and 

clinical characteristics of MRSA-positive patients. 

MRSA Prevalence and Specimen Source 

The study identified MRSA in 150 (30%) of the 

clinical specimens, distributed across various 

departments of the hospital. Wound swabs were the 

most common sample type (40%), followed by 

blood cultures (30%) and respiratory secretions 

(20%). The MRSA-positive cases were heavily 

concentrated in the ICU (68%), with medical and 

surgical wards accounting for 18% and 14%, 

respectively. The distribution of MRSA-positive 

specimens across different sources is presented in 

Table 2. 

Molecular Typing 
Molecular typing of MRSA isolates using PFGE 

revealed the presence of three major clones (A, B, 

and C). Clone A was the most prevalent, accounting 

for 48% of the isolates, followed by Clone B (36%) 

and Clone C (16%). Further SCCmec typing showed 

that the majority of isolates (67%) belonged to 

SCCmec type IV, with SCCmec type II (21%) and 

type V (12%) also detected. The results of the 

molecular typing are detailed in Table 3. 

Risk Factors for MRSA Acquisition 
Significant risk factors for MRSA colonization and 

infection were identified through multivariable 

logistic regression. Prolonged hospital stay (>14 

days) was the strongest predictor (OR: 3.5; 95% CI: 

2.1-5.9), followed by prior antibiotic use within six 

months (OR: 2.9; 95% CI: 1.8-4.7), and ICU 

admission (OR: 5.2; 95% CI: 3.1-8.6). 

Comorbidities such as diabetes, COPD, and chronic 

kidney disease were common among MRSA 

patients, although they did not emerge as 

statistically significant predictors in the adjusted 

model. Table 4 presents the results of the risk factor 

analysis. 

Antibiotic Resistance Patterns 
All MRSA isolates were subjected to antibiotic 

susceptibility testing (AST). The results revealed 

high resistance rates to erythromycin (90%), 

ciprofloxacin (85%), and gentamicin (78%). 

Resistance to clindamycin (60%) and tetracycline 

(55%) was also common. Importantly, no 

vancomycin-resistant isolates were identified, and 

all MRSA isolates remained susceptible to linezolid 

and vancomycin. The full antibiotic susceptibility 

profiles of the MRSA isolates are detailed in Table 

5. 

MRSA Outcomes 
Outcomes of patients with MRSA infections were 

also analyzed. The majority of MRSA-positive 

patients required intensive medical care, with 42% 

needing mechanical ventilation, and 25% developed 

sepsis during their hospital stay. The overall in-

hospital mortality rate among MRSA patients was 

18%. The outcome analysis is summarized in Table 

6. 

 

Table 1: Patient Demographics and Clinical Characteristics (n = 150) 

Characteristic n (%) 

Age (median, IQR) 61 (45-75) 

Male 87 (58%) 

Diabetes mellitus 68 (45%) 

COPD 40 (27%) 

Chronic kidney disease 32 (21%) 

ICU Admission 102 (68%) 

Average hospital stay (days, range) 24 (10-60) 

 

Table 2: Distribution of MRSA-Positive Specimens by Source (n = 150) 

Specimen Source n (%) 

Wound Swabs 60 (40%) 

Blood Cultures 45 (30%) 

Respiratory Secretions 30 (20%) 

Urine 15 (10%) 

 

Table 3: Molecular Typing of MRSA Isolates (n = 150) 

PFGE Clone n (%) 

Clone A 72 (48%) 

Clone B 54 (36%) 

Clone C 24 (16%) 

SCCmec Type  

Type IV 101 (67%) 

Type II 32 (21%) 

Type V 17 (12%) 
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Table 4: Multivariable Analysis of Risk Factors for MRSA Acquisition 

Risk Factor OR (95% CI) 

Prolonged Hospital Stay (>14 days) 3.5 (2.1-5.9) 

Prior Antibiotic Use (within 6 months) 2.9 (1.8-4.7) 

ICU Admission 5.2 (3.1-8.6) 

Age > 65 years 1.4 (0.8-2.3) 

Diabetes Mellitus 1.6 (0.9-2.7) 

COPD 1.3 (0.7-2.1) 

Chronic Kidney Disease 1.7 (0.8-2.8) 

 

Table 5: Antibiotic Susceptibility Patterns of MRSA Isolates (n = 150) 

Antibiotic Resistant (%) 

Erythromycin 135 (90%) 

Ciprofloxacin 128 (85%) 

Gentamicin 117 (78%) 

Clindamycin 90 (60%) 

Tetracycline 83 (55%) 

Linezolid 0 (0%) 

Vancomycin 0 (0%) 

 

Table 6: Clinical Outcomes of MRSA-Positive Patients (n = 150) 

Outcome n (%) 

Mechanical Ventilation 63 (42%) 

Development of Sepsis 38 (25%) 

Length of Stay > 30 Days 29 (19%) 

In-Hospital Mortality 27 (18%) 

 

DISCUSSION 
 

The results of this study highlight the continuing 

burden of MRSA in healthcare settings, particularly 

in tertiary care hospitals. The molecular 

epidemiology of MRSA in this study demonstrated 

the dominance of three clones, with clone A being 

the most prevalent. SCCmec typing further indicated 

the predominance of type IV, which is typically 

associated with healthcare-associated MRSA (HA-

MRSA). The presence of clone A in such a 

significant proportion of isolates suggests a 

localized outbreak that requires immediate infection 

control measures.[7,8] 

Risk factors associated with MRSA acquisition in 

this study were consistent with previous reports, 

with prolonged hospital stays and ICU admission 

being the most significant predictors. ICU patients 

often present with critical conditions and require 

invasive procedures, making them more susceptible 

to colonization and infection by MRSA [9,10]. 

Antibiotic resistance patterns among MRSA isolates 

confirmed the ongoing challenge of treating MRSA 

infections, with high levels of resistance to 

commonly used antibiotics. However, the absence 

of vancomycin resistance is a positive finding, 

ensuring that this antibiotic remains a viable option 

for treating MRSA infections in this setting.[11] 

 

CONCLUSION 

 

In conclusion, the high prevalence of MRSA in this 

tertiary care hospital underscores the need for 

enhanced infection control practices, including 

stringent hand hygiene, antimicrobial stewardship, 

and continuous molecular surveillance to prevent 

further transmission of MRSA and improve patient 

outcomes.  
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