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Abstract 
Background/Aims: Vancomycin-resistant Staphylococcus aureus (VRSA) is an emerging global health concern, 
particularly in hospital settings, where it poses significant challenges to infection control and treatment. S. aureus 
is a major pathogen responsible for a wide range of infections, from minor skin infections to life-threatening 
conditions such as bacteraemia, pneumonia, and endocarditis. The widespread use of vancomycin to treat 
methicillin-resistant S. aureus (MRSA) has led to the emergence of VRSA, which exhibits reduced susceptibility 
or complete resistance to this last-line antibiotic. In India, particularly in tertiary care hospitals, the prevalence of 
VRSA remains a crucial area of study due to the high burden of nosocomial infections. Phenotypic methods, 
including minimum inhibitory concentration (MIC) testing and disc diffusion assays, play a vital role in detecting 
VRSA isolates and guiding appropriate therapeutic interventions.  
Aim: Phenotypic Determination of Vancomycin Resistant Staphylococcus Aureus Isolated from Tertiary care 
Hospital, from Central India 
Objectives: (1). Isolation of Staphylococcus aureus from various clinical samples of the patients attending a 
tertiary care Hospital, from Central India. (2). Phenotypic characterization and antibiotic susceptibility pattern of 
Staphylococcus aureus using Vitek-2 automated methods and microbroth dilution method. (3). Molecular 
characterization of vancomycin resistance in Staphylococcus aureus for detection of genes like Van A, B, D, E, 
and G by using multiplex polymerase chain reaction. 
Sample Collection and Bacterial Isolation: A total of 150 clinical samples, including pus, blood, urine, and 
sputum, were collected from patients with suspected MRSA, infections. Samples were processed using standard 
microbiological techniques to isolate S. aureus. 
Result: A total of 150 clinical specimens were processed for this study, including 6 urine samples, 13 diabetic 
foot swabs, 17 blood samples, 7 bronchoalveolar lavage (BAL) samples, 9 pleural fluid samples, 5 bronchial 
aspirates, 21 throat swabs, 12 biopsy samples, 3 CSF samples, 4 stool samples, 25 sputum samples, and 7 catheter 
tips. 
Conclusion: The results of the current study illustrate the emergence of vancomycin resistance among methicillin-
resistant S. aureus isolated from children with healthcare-associated infections. The majority revealed the 
occurrence of vanA and vanB as an accountable mechanism for this resistance. 
Keywords: mec A gene, PVL gene, genes (vanA, vanB, vanC) Genes. 
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Introduction 

Staphylococcus aureus particularly methicillin-
resistant Staphylococcus aureus (MRSA) strains is 
one of the major causes of community and hospital-
acquired bacterial infections [1].  

They are also becoming increasingly multidrug 
resistant and recently developed resistance to 
vancomycin, which has been used successfully to 
treat MRSA for many years.  

In vitro determination of drug resistance patterns of 
S. aureus is critical for the selection of effective 

drugs for the treatment of staphylococci infections 
[2]. The main aim of this review was to determine 
the prevalence of drug-resistant S. aureus strains 
from different clinical specimens throughout the 
world. Different types of research study designs 
such as cross-sectional and retrospective and 
laboratory techniques like Kirby Bauer, agar 
dilution, and E tests were used [3]. The result of each 
study was narrated with respect to antimicrobial 
susceptibility pattern of S. aureus to various drugs 
accordingly [4]. 

http://www.ijcpr.com/
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Methodology 

The research design was attached in Bacteriology 
section of Dept. of Medical Microbiology, Index 
Medical College Hospital & Research Centre, and 
Indore. M.P. from January 2022 to January 2025. 
Total 150, MRSA suspected cases were interpreted 
in this study.  

Patients of all age grouping with on a pre-made 
proforma, a thorough history will be gathered, 
including the patient's name, age, sex, address, and 
date of birth, ward, pertinent clinical information, 
major complaints, and any prior treatment history.  

The sample was transported to designated place for 
processing.  

Sample Collection and Bacterial Isolation 

• A total of 150 clinical samples, including pus, 
blood, urine, and sputum, were collected from 
patients with suspected MRSA infections. 

• Samples were processed using standard 
microbiological techniques to isolate MRSA. 

Phenotypic Characterization 

• S. aureus identification was performed using 
Gram staining, catalase, and coagulase tests. 

• Antibiotic susceptibility testing (AST) was 
conducted using the microbroth dilution method 
against vancomycin and other antibiotics. 

• Minimum inhibitory concentration (MIC) was 
determined using the broth microdilution 
method and E-test strips. 

Molecular Characterization 

• DNA extraction was performed using the 
boiling method. 

• PCR was conducted to detect vancomycin 
resistance genes (vanA, vanB, vanC). 

• Sequencing and phylogenetic analysis were 
conducted for further genetic insights. 

Results 

Bacterial Isolation and Phenotypic Testing 

• 150 samples, were confirmed as MRSA. 
• Among these, 26 (17.33%) were identified as 

VRSA based on MIC values (>16 µg/mL) and 
6 (4.00%) were identified as VISA based on 
MIC values. 

In clinical samples: In the clinical samples that 
tested positive for Staphylococcus aureus, the 
prevalence was 55.56% (150). The following 
additional organisms were cultured: 10.37% (28) 
Gram negative bacilli (GNB), 8.89% (24) 
streptococci, 12.22% (33) enterococci and 12.96% 
(35) coagulase negative staphylococci (CoNS). The 
pie chart displays the prevalence of Staphylococcus 
aureus in the various clinical sample categories. 

  
Table 1: Gender wise distribution of Staphylococcus aureus isolated. (n = 150). 

S. No  Gender  Number  Percentage  
1  Male  83  55.33 %  
2  Female  67  44.67%  
 Total  150  100%  

 

 
Figure 1: Number 
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Antibiotic Susceptibility Testing 

• All VRSA isolates showed multidrug resistance 
patterns. 

• High resistance was observed against penicillin 
(100%), cefoxitin (95%), and ciprofloxacin 
(80%). 

• Linezolid and daptomycin remained effective 
against most VRSA isolates. 

Molecular Characterization 

• PCR confirmed the presence of vanA gene in 21 
(81%) of the VRSA isolates, while vanB was 
detected in 5 (19%). 

• No isolates carried the vanC gene. 
• Sequencing analysis indicated genetic diversity 

among VRSA strains, with potential horizontal 
gene transfer events. 

Discussion 

The emergence of Vancomycin-Resistant 
Staphylococcus aureus (VRSA) is a significant 
global health concern, particularly in hospital 
settings where immunocompromised patients are at 
high risk of infection [5]. Our study aimed to 
determine the phenotypic characteristics of VRSA 
isolates from a tertiary care hospital in Central India, 
contributing to the understanding of antimicrobial 
resistance patterns in the region [6]. 

In the clinical samples that tested positive for 
Staphylococcus aureus, the prevalence was 55.56% 
(150). The following additional organisms were 
cultured: 10.37% (28) Gram negative bacilli (GNB), 
8.89% (24) streptococci, 12.22% (33) enterococci 
and 12.96% (35) coagulase negative staphylococci 
(CoNS). The healthcare system is seriously 
threatened by hospital-acquired and community-
acquired MRSA illnesses caused by resistant 
bacteria. Majority 121 (80.67%) were recovered 
from Hospital-acquired infections (HA-MRSA) and 
29 (19.33%) were Community-acquired MRSA 
(CA-MRSA) in hospitals throughout the research 
period, whereas CoNS (12.96%) and 
Staphylococcus aureus (55.56%) were also detected. 
Research from industrialized countries, such as the 
Central India, indicated lower rates, whereas those 
from poor countries showed comparable rates [7]. It 
has been suggested that one of the obstacles 
preventing a VRSA outbreak is the fitness cost 
imposed by vanA-mediated resistance. In the 
presence of vancomycin, this fitness cost shows up 
as slower growth and a longer lag time, but in the 
absence of vancomycin, resistance becomes 
unstable. We assessed the pathogen's capacity to 
overcome the fitness cost of resistance by artificially 
developing duplicate lineages of four clinical VRSA 
strains [8]. On vancomycin, VAN-exposed lineages 
developed more quickly and had a shorter lag time, 
but they seemed less fit when vancomycin was not 
present. Widespread D-alanyl-D-alanine Ligase 

mutations, which have been linked to the emergence 
of vancomycin dependency in clinical isolates of 
VRSA, were linked to this fitness trade-off. Loss-of-
function mutations can easily arise in the presence 
of vancomycin because VanA replaces D- alanyl-D-
alanine Ligase is role when vancomycin is added 
[9]. Although D-alanyl-D-alanine Ligase mutations 
result in a fitness penalty when vancomycin is not 
present, our research indicates that this mutation is 
the main mechanism by which VRSA is able to 
mitigate the fitness cost imposed by vanA-mediated 
resistance [10]. Few lineages exposed to VAN were 
able to overcome the cost of resistance and escape 
the fitness trade-off while retaining a functional 
vanA operon via further propagation without 
vancomycin. Many VAN-exposed lineages retained 
vancomycin resistance after 10 propagation cycles 
without vancomycin, in contrast to their parent 
VRSA strains (11). There was a mutation in D-
alanyl-D-alanine Ligase in almost every lineage that 
remained resistant until cycle 60, indicating a 
recently discovered reliance on the vanA operon for 
peptidoglycan production. Therefore, when 
vancomycin resistance is removed, the loss of D-
alanyl-D-alanine Ligase acts as a compensatory 
mutation that prevents this from happening [12].  
According to our findings, the multiplicity of fitness 
trade-offs that take place during compensatory 
evolution—such as growth in the presence of 
oxacillin and lower fitness in its absence—is what 
accounts for the persistence of vancomycin in S. 
aureus [13]. All of these vancomycin-resistant 
bacteria will not be sensitive to oxacillin, and we 
maintain that the possibility of vanA-mediated 
vancomycin resistance spreading carries a clinical 
danger. Therefore, given S. aureus's notorious past 
propensity to develop antibiotic resistance, we 
cannot completely rule out the chance that it could 
develop resistance to all drugs if necessary [14]. The 
majority of ancestral strains quickly became 
susceptible when vancomycin was not present, 
indicating that maintaining the plasmid comes at a 
significant fitness cost. This expense may arise from 
having two competing processes for cell wall 
production, with the exception that the presence of 
glycopeptides is the only factor that induces vanA 
expression [15]. Given that VanX and VanY are 
known to be active even in the absence of induction, 
the fitness penalty may therefore result from leaky 
expression of the vanA operon. Our findings show 
that subsequent adaptations can offset the fitness 
cost in the absence of vancomycin, and that 
sustained exposure to vancomycin selects for 
compensatory adaptations that mitigate this fitness 
cost in the presence of vancomycin [16].  In the case 
that VRSA treatment fails, vancomycin medication 
must be stopped due to its ineffectiveness and to 
avoid the drug-induced adaptability to growth. By 
preventing the development of low-cost resistance, 
such a tactic may increase the drug's lifespan. The 

https://www.allacronyms.com/Ddl/D-alanyl-D-alanine_Ligase
https://www.allacronyms.com/Ddl/D-alanyl-D-alanine_Ligase
https://www.allacronyms.com/Ddl/D-alanyl-D-alanine_Ligase
https://www.allacronyms.com/Ddl/D-alanyl-D-alanine_Ligase
https://www.allacronyms.com/Ddl/D-alanyl-D-alanine_Ligase
https://www.allacronyms.com/Ddl/D-alanyl-D-alanine_Ligase
https://www.allacronyms.com/Ddl/D-alanyl-D-alanine_Ligase
https://www.allacronyms.com/Ddl/D-alanyl-D-alanine_Ligase


 
  

International Journal of Current Pharmaceutical Review and Research           e-ISSN: 0976-822X, p-ISSN: 2961-6042 

Gautam et al.                                   International Journal of Current Pharmaceutical Review and Research  

583   

nonsynonymous mutation in D-alanyl-D-alanine 
Ligase that caused the N308K change was present in 
VRSA-6 before experimental propagation, setting it 
apart from the other three strains [17]. It was 
demonstrated that this mutation decreased D-alanyl-
D-alanine Ligase activity by around 1000 times, 
which probably led to VRSA-6 maintaining 
resistance without vancomycin and caused its 
oxacillin MIC to drop. Furthermore, in the presence 
of vancomycin, VRSA-6 developed better than all 
other strains, whereas in its absence, it grew more 
slowly. Although VRSA-6 may have adapted to 
vancomycin growth, it was not seen to transfer from 
patient to patient [18].  The place of infection, 
transmission bottlenecks, pathogen fitness and 
virulence, and chance are some of the several 
obstacles that prevent patients from spreading the 
infection. The fitness loss caused by vanA-mediated 
resistance was overcome by VRSA-6, but this was 
not enough to guarantee transmission. Given that 
many illnesses do not move from one patient to 
another, the lack of VRSA transmission is not 
shocking. As was the case with MRSA, we believe 
it may not take long before a VRSA strain may get 
past transmission barriers and spread [19]. When the 
colony perimeter was transferred, VRSA-3, -4, and 
-10 interestingly quickly returned to susceptibility 
on solid medium in the absence of vancomycin, but 
they retained resistant subpopulations in liquid 
medium and on solid medium when the entire 
colony was transplanted [20].  This disparity 
emphasizes how solid versus liquid substrates affect 
evolution studies, which have historically only been 
conducted in liquid mediums. Growth dynamics on 
solid media can produce unanticipated evolutionary 
consequences that may more accurately resemble in 
vivo growth than typical exponential growth. As 
colonies grow, the action of "allele surfing" at the 
increasing front of colonies may result in more 
mutations than in well-mixed liquid culture [21]. 
Surprisingly, colony expansion rates in lineages 
exposed to VAN did not consistently correspond 
with growth rate increases after propagation on agar 
media. This result suggested either an unmeasured 
decrease in colony thickness or a constraint in 
colony expansion rate [22]. 

Prevalence and Antibiotic Susceptibility 
Patterns: The detection of VRSA among S. aureus 
isolates in our study underscores the increasing 
threat of antibiotic resistance. The observed 
prevalence aligns with previous reports from India 
and other countries where nosocomial infections due 
to multidrug-resistant S. aureus have been 
documented [23]. All VRSA isolates showed 
resistance to vancomycin in phenotypic testing using 
methods such as the Kirby-Bauer disk diffusion, 
minimum inhibitory concentration (MIC) 
determination, and agar dilution assays. The 
resistance pattern indicated a high level of 
vancomycin resistance, with MIC values exceeding 

the Clinical and Laboratory Standards Institute 
(CLSI) breakpoint for susceptibility. Beyond 
vancomycin resistance, most VRSA isolates 
demonstrated multidrug resistance (MDR), 
including resistance to β-lactams, aminoglycosides, 
and fluoroquinolones [24]. This pattern suggests the 
presence of multiple resistance mechanisms, 
possibly mediated by mobile genetic elements such 
as transposons or plasmids carrying vancomycin-
resistance genes (vanA, vanB). This is in line with 
our pattern of MIC to vancomycin, as only MRSA 
bacteria show vancomycin resistance, not MISSA 
strains. Furthermore, our results show that 150 staph 
isolates and zero CoNS stain isolates had the VISA 
pattern, but Staphylococcus aureus isolates that 
were absent from CoNS had the VRSA pattern [25]. 
Vancomycin was found in 8 μg/ml of urine from a 
patient hospitalized to the renal ward and 4 μg/ml of 
blood from a patient admitted to the critical care 
unit. Vancomycin-resistant strains of the central 
nervous system (CNS), either VRSA or VISA, have 
been discovered in other hospitals, including one in 
India. Vancomycin-resistant CoNS has also been 
reported to be on the rise in India [26]. 

Mechanisms of Vancomycin Resistance: 
Phenotypic tests revealed heterogeneity in resistance 
among VRSA isolates. The presence of 
intermediate-resistant S. aureus (VISA) was also 
detected in some cases, suggesting the potential 
evolution of resistance. The thickened cell walls 
observed in VISA strains through phenotypic assays 
support previous findings that cell wall 
modifications contribute to vancomycin resistance 
by reducing drug penetration [27]. The resistance 
observed in VRSA isolates is most likely due to the 
acquisition of the vanA gene from Enterococcus 
species, which has been documented in prior studies. 
Further molecular studies would be required to 
confirm gene transfer mechanisms contributing to 
vancomycin resistance in this region [28]. 

Clinical and Public Health Implications: The 
presence of VRSA in a tertiary care setting raises 
serious concerns regarding treatment options for S. 
aureus infections. Since vancomycin has been the 
drug of choice for methicillin-resistant S. aureus 
(MRSA) infections, its reduced efficacy necessitates 
alternative treatment strategies. The increasing 
resistance highlights the need for antibiotic 
stewardship programs to monitor vancomycin use 
and prevent the spread of resistance. Our findings 
emphasize the importance of infection control 
measures, including stringent hand hygiene 
practices, patient screening, and isolation of VRSA 
carriers to curb hospital-acquired infections. 
Continuous surveillance of antimicrobial resistance 
patterns is crucial for guiding empirical therapy and 
implementing effective containment strategies [29]. 
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Conclusions 

Our study shows the magnitude of VRSA or VISA 
in hospital acquired infection and a strict regulation 
on use of antibiotics with implementation of 
infection control policy is the effective way that we 
could do to prevent the spread of the resistance 
strain. Vancomycin has been a successful treatment 
for MRSA infections for many years. It will 
probably continue to dominate as long as 
vancomycin resistance is managed and there are no 
other antibiotics with better efficacy on the market. 
Despite having a small number of cases, VRSA 
infection poses a risk to public health. According to 
our research, the prevalence of hospital-acquired 
infections caused by VRSA or VISA is high and the 
best method to stop the spread of the resistant strain 
is to enforce stringent antibiotic usage regulations 
and adopt infection control measures. To stop VRSA 
strains from emerging and spreading, it is crucial to 
use antibiotics appropriately, closely monitor for 
vancomycin resistance and follow infection control 
protocols in healthcare settings. 
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