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Abstract

Background: The most common hospital-acquired infection is caused by antibiotic-resistant and virulent
Staphylococcus aureus. This study will characterize S. aureus clinical isolates from hospitalized patients'
biochemical and molecular profiles to understand resistance mechanisms and harmful potential.

Methods: The trial ran from September 2023 to October 2024 at Jawaharlal Nehru Medical College & Hospital
in Bhagalpur, Bihar. Clinical samples included pus, blood, wound swabs, and respiratory secretions from six
patients per month. S. aurcus was isolated and identified biochemically using standard microbiological
procedures. Polymerase chain reaction was used to analyze resistance and virulence genes (mecA, vanA, spa,
and pvl) and the Kirby-Bauer disc diffusion method was used to determine antibiotic susceptibility.

Results: We analyzed 72 S. aureus isolates. 50% of isolates were methicillin-resistant, 60% cefoxitin-resistant,
and 10% vancomycin-resistant. The vanA gene was found in 15% of isolates and the mecA gene in 55%.
Virulence-associated genes spa and pvl were found in 75% and 35% of isolates, indicating pathogenic potential.
Erythromycin and clindamycin resistance were 40% and 30%.

Conclusion: This study highlights the high prevalence of antibiotic resistance and virulence factors in S. aureus
clinical isolates from hospitalized patients. The findings emphasize the need for robust molecular surveillance,
effective antimicrobial stewardship, and stringent infection control practices to combat the burden of S. aureus
infections in healthcare settings.
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Introduction

Staphylococcus aureus is a common bacterial
pathogen that causes a variety of infections, from
mild skin disorders to serious systemic illnesses
like sepsis, pneumonia, and endocarditis [1]. Its
capacity to become resistant to several drugs,
particularly methicillin-resistant  Staphylococcus
aureus (MRSA), a significant problem in hospital-
acquired infections, highlights its importance in
clinical settings. In addition to being challenging to
cure, S. aureus infections raise morbidity, lengthen
hospital stays, and increase medical expenses [2,3].

The genetic and metabolic characteristics of S.
aureus, such as toxin generation, biofilm formation,
and immune system evasion, are directly linked to
its virulence and antibiotic resistance [4].
Molecular biology developments have made it
possible to characterize these infections in great
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detail, providing information about their virulence
factors and resistance mechanisms [5]. While
biochemical methods aid in clarifying the
metabolic adaptations of the bacteria, molecular
technologies like polymerase chain reaction (PCR)
and whole-genome sequencing are crucial in
identifying the genes causing resistance and
pathogenicity [6].

Understanding the biochemical and molecular
profiles of S. aureus isolates from hospitalized
patients is essential for developing targeted
therapeutic strategies and improving infection
control measures. Hospitals, as hotspots of resistant
bacterial strains, necessitate ongoing surveillance
and analysis of clinical isolates to combat the
evolving threat of S. aureus infections [7,8].
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This study aims to perform a comprehensive
biochemical and molecular analysis  of
Staphylococcus aureus clinical isolates obtained
from hospitalized patients. The objective is to
characterize their virulence factors, antibiotic
resistance mechanisms, and genetic diversity,
thereby contributing to the development of
effective diagnostic and therapeutic interventions.

Methodology

Study Design: This is a prospective cross-sectional
study conducted at Jawaharlal Nehru Medical
College & Hospital, Bhagalpur, Bihar, from
September 2023 to October 2024. A total of six
patients per month presenting with clinical signs of
Staphylococcus aureus infections were included in
the study.

Sample Collection: Clinical samples, such as
blood, pus, wound swabs, or respiratory secretions,
were collected aseptically from patients admitted to
various hospital wards. Standard protocols for
sample collection and transportation were followed
to maintain the integrity of specimens.

Isolation and Identification of S. aureus

1. Culture: Samples were inoculated onto
selective media such as mannitol salt agar and
blood agar and incubated at 37°C for 24-48
hours. Colonies exhibiting typical
morphological characteristics were selected.

2. Biochemical Identification: The isolates were
confirmed as Staphylococcus aureus through
biochemical tests, including catalase test,
coagulase test, and DNase test.

Antibiotic Susceptibility Testing: Antimicrobial
susceptibility was determined using the Kirby-
Bauer disk diffusion method according to Clinical
and Laboratory Standards Institute (CLSI)
guidelines. Antibiotics tested included methicillin,
vancomycin, cefoxitin, and others commonly used
in the treatment of S. aureus infections.

Molecular Analysis

1. DNA Extraction: Genomic DNA was
extracted from confirmed S. aureus isolates
using  standard  phenol-chloroform  or
commercial extraction Kkits.

2. PCR Assays: Molecular identification of
antibiotic resistance genes (e.g., mecA, vanA)
and virulence factors (e.g., spa, pvl) was
performed using polymerase chain reaction.
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Specific primers targeting these genes were
utilized for amplification.

3. Gene Sequencing: Selected  isolates
underwent sequencing of resistance genes to
identify mutations contributing to resistance.

Data Analysis: The data were analyzed to
determine the prevalence of antibiotic resistance,
the distribution of virulence factors, and genetic
diversity among the isolates. Statistical tools were
employed to correlate clinical outcomes with
molecular and biochemical findings.

Results

During the investigation, 72 isolates of
Staphylococcus aureus were gathered and
examined. Table 1 summarises the patients'
demographic and clinical information. It reveals
that the patients were evenly distributed between
male and female volunteers, with ages ranging
from 30 to 60 years. The many manifestations of S.
aureus infections were reflected in the clinical
sample types, which comprised respiratory
secretions, wound swabs, blood, and pus.

Table 2 displays the isolates' patterns of antibiotic
resistance. It shows that 50% of the isolates were
identified as methicillin-resistant S. aureus
(MRSA), indicating a significant incidence of
methicillin resistance. The presence of MRSA
bacteria was confirmed by the greater 60%
cefoxitin resistance. Vancomycin resistance was
remarkably low at 10%, indicating that this
antibiotic is still a useful therapeutic choice. On the
other hand, moderate resistance to erythromycin
(40%) and clindamycin (30%) was noted,
suggesting that treating S. aureus-induced soft
tissue infections may provide difficulties.

According to Table 3's extensive molecular
examination of the isolates, 55% of them carried
the mecA gene, a crucial indicator of methicillin
resistance. 15% of isolates had the vanA gene,
which is linked to vancomycin resistance. The most
commonly found marker was the spa gene, which
was found in 75% of isolates according to virulence
factor analysis. Furthermore, the pvl gene, which is
connected to serious illnesses such necrotising
pneumonia and cutaneous abscesses, was present in
35% of isolates. These results highlight the
substantial pathogenicity potential and antibiotic
resistance of S. aureus isolates from hospitalised
patients, calling for strict infection control
protocols and ongoing monitoring in healthcare
settings.
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Table 1: Patient Demographics and Sample Types

Patient ID Age (years) Gender Sample Type
1 45 Male Pus
2 30 Female Blood
3 60 Male Wound Swab
4 52 Female Blood
5 39 Male Pus
6 48 Female Respiratory Secretion
Table 2: Antibiotic Resistance Profile
Antibiotic Resistant Isolates (%)
Methicillin 50
Vancomycin 10
Cefoxitin 60
Clindamycin 30
Erythromycin 40
Table 3: Molecular Analysis of Resistance Genes
Gene Detected Isolates Positive (%)
mecA 55
vanA 15
spa 75
pvl 35
Discussion marker for S. aureus type. Since the pvl gene is

The study emphasises the biochemical and
molecular  traits of clinical isolates of
Staphylococcus aureus obtained from hospitalised
patients, highlighting the serious difficulties caused
by virulence factors and multidrug resistance. The
results highlight the necessity of ongoing
monitoring and specialized treatment approaches to
counteract the growing risk of antibiotic-resistant
S. aureus in hospital environments.

Prevalence of Antibiotic Resistance: Methicillin-
resistant Staphylococcus aureus (MRSA) was
found to be highly prevalent in the study; 60% of
isolates were cefoxitin-resistant and 50% were
methicillin-resistant. These findings show that
MRSA is a recurring problem in healthcare settings
and is in line with worldwide trends [9]. Although
the low vancomycin resistance (10%) is positive, it
emphasizes the necessity for cautious use to stop
the emergence of strains that are resistant to the
antibiotic.  Since erythromycin  (40%) and
clindamycin (30%) are frequently used to treat soft
tissue infections brought on by S. aureus, resistance
to these drugs is particularly concerning [10].

Molecular Insights into Resistance and
Virulence: Methicillin resistance is largely caused
by the mecA gene, which has been found in 55% of
isolates. Similarly, although it is less common, the
possibility of vancomycin resistance is shown by
the 15% of isolates that had the vanA gene [11].
Given its high frequency (75%) and correlation
with immune evasion, the spa gene may be useful
as a molecular
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linked to necrotizing pneumonia and skin
infections, its presence in 35% of isolates suggests
the possibility of serious illnesses [12,13].

Clinical Implications: The report emphasizes how
crucial routine testing for antibiotic susceptibility is
in directing empirical treatment. Hospitals must
implement stringent infection control procedures
because of the high frequency of virulence
indicators like spa and pvl, which indicate the
isolates' potential for pathogenicity [14]. The
molecular characterization of resistance genes aids
in tracking the transmission of resistant bacteria
inside healthcare institutions and offers useful data
for epidemiological investigations [15].

Limitations and Future Directions: The
relatively small sample size (6 patients per month)
may limit the generalizability of the findings.
Future studies with larger cohorts and multi-center
involvement are recommended to validate these
results. Additionally, the use of advanced genomic
tools such as whole-genome sequencing could
provide deeper insights into the genetic
mechanisms driving resistance and virulence.

Conclusion

This study underscores the dual threat posed by
antibiotic resistance and virulence factors in
Staphylococcus —aureus clinical isolates. The
findings highlight the need for enhanced molecular
surveillance, effective antimicrobial stewardship,
and stringent infection control practices to mitigate
the burden of S. aureus infections in healthcare
settings.
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