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Abstract
In recent years, the cases of vancomycin-resistant Staphylococcus aureus (VRSA) have increased 
worldwide. The overuse of vancomycin has significantly contributed to the emergence of VRSA, a serious 
public health concern. This study aimed to observe the trends of VRSA in the Indian population. This 
study was conducted with 440 S. aureus clinical isolates at a tertiary care centre. The study processes 
samples through several stages: isolating and identifying S. aureus, screening for MRSA and VRSA, 
performing antibiotic susceptibility testing, differentiating between VISA and VRSA, extracting DNA, and 
detecting vanA and vanB genes via the PCR method. Among the isolated S. aureus (440), 150 (34.1%) 
were MSSA, and 290 (65.9%) were MRSA. From the 290 MRSA isolates, 272 (93.8%) were VSSA strains, 
while 18 (6.2%) were VRSA. No strains of VISA were isolated. In the genotypic analysis of VRSA strains, 
the proportion of the vanA gene was 33.33%, while the vanB gene was found in 11.11%. These findings 
emphasize the emergence of VRSA strains in community-acquired infections. The isolation of these 
resistance genes in our research is alarming, as it suggests the potential transmission of vancomycin 
resistance genes within Staphylococcus aureus populations. Understanding the patterns of vanA and 
vanB gene spread in VRSA strains is crucial for developing targeted interventions and a nationwide 
surveillance program.
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INTRODUCTION

	 Over the years, clinical isolates of 
Staphylococcus aureus have increasingly shown 
reduced sensitivity to vancomycin, with some even 
developing complete resistance.1 The first case of 
a methicillin-resistant S. aureus (MRSA) strain with 
reduced vancomycin sensitivity was documented 
in Japan in 1997.2 This strain exhibited a slightly 
elevated minimum inhibitory concentration (MIC) 
for vancomycin, ranging between 3 and 8 µg/
ml, and was termed vancomycin-intermediate 
S. aureus (VISA). Reports of VISA strains among 
MRSA isolates have since grown worldwide.3,4 
Although these strains often displayed only 
moderately increased MIC values, their presence 
was frequently associated with vancomycin 
treatment failure.5 The first case of VRSA, 
characterized by a raised vancomycin MIC, was 
identified in the USA in 2002.1 When enterococci 
were shown to be resistant to vancomycin in the 
1980s, it raised serious questions about whether 
vancomycin might be used to treat MRSA in the 
future.6

	 The incidence rates of VRSA strains vary 
across the globe. Before 2006, the prevalence 
was 2%, which increased to 5% between 2006 
and 2014, and 7% between 2015 and 2020. The 
highest prevalence of VRSA has been reported 
in Africa at 16%, followed by Asia at 5%, North 
America at 4%, South America at 3%, and Europe 
at the lowest at 1%. Vancomycin resistance in S. 
aureus can be classified into two forms.7 The first, 
known as VISA, represents a moderate level of 
resistance. This type is associated with an altered 
cell wall, which causes the storage of acyl-D-alanyl-
D-alanine residues that sequester glycopeptides 
after binding to it. The second, more advanced 
form of resistance is VRSA, which has the vanA 
operon, acquired by Enterococcus species through 
the transposon Tn1546.8

	 Decreased permeabil ity plays an 
important role in the emergence of vancomycin 
resistance as it restricts the penetration of the 
drug to its intracellular target.5 Plasmid-mediated 
resistance genes like vanA, vanB, vanD, vanE, 
vanF, and others are thought to be spread from 
strains of Enterococci and represent another type 
of resistance.9 The primary aim of our study was to 

isolate and characterise the MRSA isolates and to 
demonstrate vanA and vanB genes among them.

MATERIALS AND METHODS

	 We have collected 440 clinical specimens 
of S. aureus from different clinical departments of 
the institute for this cross-sectional study. Based on 
the power of 80% and a 95% confidence interval, a 
minimum of 384 samples was required; however, 
440 samples were included to ensure adequate 
representation. Detailed patient information-
including name, age, gender, department, 
clinical diagnosis, and other relevant details-was 
documented using a structured pro forma. The 
clinical samples were processed as follows.

Isolation & identification of Staphylococcus 
aureus
	 The sheep blood agar, MacConkey agar, 
and nutrient agar were used as media to culture 
the S. aureus species. After inoculation, the plate 
was incubated at 35-37 °C for approximately 16-
18 hours. The colonies’ characters were studied, 
and biochemical tests, including catalase, tube 
coagulase, mannitol salt agar, and DNase, were 
performed. The identification of the isolates was 
further validated by an automated MALDI-TOF 
(matrix-assisted laser desorption ionization time-
of-flight) system. These isolates underwent a series 
of biochemical tests, using S. aureus ATCC 25923 
as the control for their further analysis. 

Screening of MRSA and VRSA strains
	 Identification of resistant strains was 
done with a 30 µg cefoxitin disc applied to Mueller-
Hinton agar plates enriched with 4% sodium 
chloride. Based on CLSI guidelines, S. aureus strains 
with a zone of 21 mm or lower inhibition around 
a cefoxitin disc were classified as MRSA. S. aureus 
strains showing a zone of 16 mm or less with a 30 
µg vancomycin disc were further categorized as 
VRSA.10 Additionally, vancomycin screen agar was 
used to detect growth of VRSA or VISA strains on 
the culture of S. aureus. If growth occurs in the 
vancomycin screen agar plate, these isolates are 
considered VRSA. They were further subjected to 
micro broth dilution to detect the MIC value.
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The antibiogram
	 The antibiotic sensitivity of each 
Staphylococcus aureus isolate was evaluated by the 
Kirby-Bauer disc diffusion method with antibiotic 
discs containing amoxicillin, erythromycin, 
tetracycline, gentamicin, and cotrimoxazole. 
Its sensitivity interpretation was done on the 
following inhibition zone diameters: ≥20 mm for 
amoxicillin, ≥23 mm for erythromycin, ≥19 mm for 
tetracycline, ≥15 mm for gentamicin, and ≥16 mm 
for cotrimoxazole.

Table 1. Age-wise distribution of MRSA Cases

Age group	     MRSA

	 Numbers	 Percentage

<1 year	 4	 1.3%
1-10 years	 16	 5.6%
11-20 years	 38	 13.1%
21-30 years	 48	 16.6%
31-40 years	 56	 19.3%
41-50 years	 42	 14.4%
51-60 years	 36	 12.4%
61-70 years	 30	 10.3%
71-80 years	 12	 4.1%
81-90 years	 8	 2.7%
Total 	 290	

Table 2. Distribution of MRSA according to the source 
of the sample

Source of 	 Number of 	 Percentage
sample	 samples

IPD 	 120	 41.5%
OPD	 108	 37.2%
ICU 	 48	 16.5%
PICU	 14	 4.8%

*IPD - in-patient department, *OPD - out-patient department, 
*ICU - intensive care unit, *PICU - paediatric ICU

Figure 1. Flowchart showing the study enrollment process

Differentiation of VISA/VRSA
	 Isolates were inoculated over the 
Vancomycin agar screen plate to identify VISA 
& VRSA subtypes. VISA and VRSA isolates were 
preserved in tryptic soy broth (TSB) supplemented 
with glycerol (20% concentration) and stored 
at approximately -70 °C until they underwent 
molecular characterization. Fresh isolates were 
obtained by subculturing these preserved items 
on Blood agar before proceeding with molecular 
characterization.

DNA Extraction and gene identification
	 DNA extraction from cultured isolates was 
done with the TRUPCR VRSA kit (v-1.0) as per the 
procedures provided with the kit. TRUPCR VRSA 
Detection kit (v-1.0) is a multiplex real-time PCR kit 
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for the identification of resistance genes like vanA 
and vanB in cultured isolates, offering significant 
sensitivity and specificity. It is designed to detect 
VanA, VanB, and S. aureus in Texas Red/Orange, 
CY5/Red, and FAM/Green channels, respectively, 
with the internal control in the HEX/Yellow 
channel, with a single test tube.

Statistical analysis
	 Data were initially recorded in MS Excel 
and later added to SPSS software (v 26.0) for 
interpretation of data and its analysis. Numerical 
data were reported as mean values accompanied 
by standard deviations, whereas categorical 
data were described using frequencies and 

percentages. To assess differences between 
categorical variables, the chi-square test was 
considered, with a significance threshold of P ≤ 
0.05.

RESULTS 

	 In  the  studied sample  (440)  of 
Staphylococcus aureus isolates, analysis was 
done based on predefined inclusion and exclusion 
criteria. On analysis, a total of 290 isolates (65.9%) 
of MRSA strains were identified (Figure 1). 
	 Among the isolated MRSA strains, the 
majority were from male patients (55%), while 
females accounted for 45% of the cases. (male: 
female ratio-1.14:1). We found the maximum MRSA 
strains among the 31-40 year age group (19.3%) 

Table 3. Distribution of MRSA in different departments

Department	 No. of 	 Percentage
	 clinical 
	 isolates

OBS & Gynae	 16	 5.5%
Pediatrics	 18	 6.2%
Gen. Medicine	 84	 28.9%
Orthopedics	 52	 17.9%
Gen. Surgery	 68	 23.44%
Neurology	 16	 2.75%
CCM	 10	 3.4%
Ophthalmology	 10	 3.4%
Nephrology	 8	 2.75%
Urology	 8	 5.5%
Total 	 290

Table 4. Distribution of MRSA among different clinical 
isolates

Type of 	 Number of 	 Percentage
samples	 isolates

Urine	 54	 18.60%
PUS	 136	 46.80%
Sputum	 12	 4.13%
Blood	 52	 17.90%
Tracheal Aspirate	 16	 5.55%
Ascitic Fluid	 4	 1.37%
Pleural Fluid	 6	 2.06%
Conjunctival Swab	 10	 3.44%
Total	 290	

Figure 2. Distribution of VISA & VRSA Strains among MRSA isolates
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(Table 1). Most MRSA strains were recovered 
from patients in the inpatient department (IPD) 
at 41.5%, followed by the outpatient department 
(OPD) with 37.2%, the intensive care unit (ICU) at 
16.5%, and the paediatric ICU (PICU) with 4.8% 
(Table 2). Maximum MRSA isolates were from 
the Department of General Medicine (28.9%), 
followed by the Department of General Surgery 
(23.44%) and the Department of Orthopaedics 
(17.9%) (Table 3).
	 Among all MRSA isolates, 46.8% were 
derived from pus samples, representing the 

highest percentage, followed by 18.60% from urine 
and 17.90% from blood. Other samples included 
tracheal aspirate (5.55%), sputum (4.13%), 
conjunctival swab (3.44%), pleural fluid (2.06%), 
and ascitic fluid (1.37%) (Table 4).
	 In an antibiogram study, the maximum 
resistance for MRSA was found for penicillin 
(95.8%) and ciprofloxacin (91.7%), followed by 
levofloxacin (86.2%) and erythromycin (82.7%). 
Vancomycin resistance was found in 6.2% of 
clinical isolates. Vancomycin (93.8%), teicoplanin 
(96.5%), and linezolid (98.6%) were the most 
sensitive antibiotics. Table 5 displays the antibiotic 
resistance patterns of MRSA isolates, assessed Table 5. Antibiotic Sensitivity Profile of MRSA Isolates 

(Antibiogram)

	        MRSA Isolates (N = 290)

	 Sensitive 	 Resistant 
	 (in percentage)	 (in percentage)

Cefoxitin		  290
Ciprofloxacin	 24 (8.27)	 266 (91.73)
Cotrimoxazole	 210 (72.41)	 80 (27.58)
Erythromycin	 50 (17.24)	 240 (82.75)
Clindamycin	 202 (69.65)	 88 (30.34)
Doxycycline	 246 (84.82)	 44 (15.18)
Vancomycin	 272 (93.7)	 18 (6.2)
Gentamicin	 248 (85.51)	 42 (14.5)
Levofloxacin	 40 (13.8)	 250 (86.2)
Linezolid	 286 (98.62)	 04 (1.38)
Teicoplanin	 280 (96.55)	 10 (3.45)
Penicillin	 12 (4.13)	 278 (95.86)
Tetracycline	 218 (75.17)	 72 (24.83)

Figure 3. Distribution of VISA in Different Departments of the Institute

Table 6. Antibiogram of VRSA isolates

Antibiotics 	 Sensitivity fraction	 Percentage

Cefoxitin	 00	 00
Ciprofloxacin	 04/18	 22.22%
Cotrimoxazole	 18/18	 100%
Erythromycin	 00	 00
Clindamycin	 12/18	 66.66%
Doxycycline	 16/18	 88.88%
Vancomycin	 00	 00
Gentamicin	 18/18	 100%
Levofloxacin	 04/18	 22.22%
Linezolid	 14/18	 77.77%
Teicoplanin	 12/18	 66.66%
Penicillin	 00	 00
Tetracycline	 14/18	 77.77%
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using the Kirby-Bauer disk diffusion technique 
following CLSI recommendations.
	 Among 290 MRSA clinical isolates, 18 
isolates (6%) were found to be VRSA. There were 
no VISA strains in this study (Figure 2). Among the 
isolated VRSA, a maximum of eight (8) isolates 
were from the Orthopaedic department, and 
six (6) isolates were from the General Surgery 
department. Among the remaining four VRSA 
isolates, two were isolated from the general 
medicine department, while the other two were 
obtained from the Ophthalmology Department 
(Figure 3).

	 Among VRSA strains (n = 18), fourteen 
(14) were isolated from pus samples in the 
orthopaedic department (08) and the General 
Surgery department (06). The two (2) VRSA strains 
were isolated from urine specimens of the General 
Medicine Department, and the other two (2) were 
from the corneal swabs in the patients of the 
Ophthalmology Department (Figure 4).
	 Table 6 demonstrates the antibiotic 
susceptibility patterns of VRSA isolates as 
determined by the CLSI guidelines.
	 All isolated VRSA specimens underwent 
PCR analysis to analyse vanA and vanB resistance 
genes. Among these, six clinical isolates tested 

Table 7. Molecular characterization of isolated VRSA

Genotype	 Total No. 	 Serial Number of 	 Gender 	 Department	 Sample 
	 of isolates	 isolates

   vanA	 6	 3	 F	 Gen. Medicine	 U
		  9	 M	 Gen. Medicine	 U
		  4	 F	 Gen. Surgery	 P
		  15	 M	 Gen. Surgery	 P
		  6	 M	 Orthopaedics 	 P
		  11	 M	 Orthopaedics 	 P 
   vanB	 4	 6	 M	 Orthopaedics 	 P
		  11	 M	 Orthopaedics 	 P 
		  4	 F 	 Gen. Surgery	 P
		  15	 M	 Gen. Surgery	 P

*Gen. - General; *U - Urine; *P - Pus

Figure 4. Sample-Wise Distribution of VRSA Isolates in Different Departments
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positive for either vanA, vanB, or both. Specifically, 
two isolates carried only the vanA gene, while both 
vanA & vanB genes were present in four isolates. 
Consequently, the prevalence of the vanA gene 
was 33.33%, and that of the vanB gene was 22.22% 
(Table 7). 

DISCUSSION 

	 The antimicrobial resistance of S. aureus 
poses a major challenge in human healthcare, as it 
spreads quickly and exhibits resistance to multiple 
antibiotics.11 Although MRSA was once thought to 
be exclusively linked to infections in healthcare 
settings, it is increasingly common for people, 
even without a history of exposure to healthcare 
systems, to get MRSA-associated community 
illnesses. MRSA contributes to greater morbidity 
and mortality, escalates healthcare costs, and 
poses a significant threat to global public health.12 
In this study, methicillin-sensitive Staphylococcus 
aureus (MSSA) accounted for 34.10% of isolates, 
while MRSA comprised 65.9%. These results align 
closely with those of Arora et al., who found MRSA 
prevalence of 64.8% in surgical units and 57.8% 
in orthopaedics wards.13 Similarly, Srinivasan et 
al. observed MRSA rates as high as 80% in their 
research.14 A meta-analysis by Savitha et al. from 
South India also reported an MRSA prevalence of 
62.14%, comparable to our data.15

	 In our study group, 55% of MRSA isolates 
originated from male patients, resulting in a male: 
female ratio of 1.14:1. This aligns with findings by 

Lohan et al., who showed a higher prevalence of 
MRSA in males (67.9%) than in females (32.1%), 
corresponding to a sex ratio of 2.11:1.16 Research 
from Gujarat by Patel et al. demonstrated a 
similar distribution, with 56% male and 44% 
female patients, resulting in a sex ratio of 1.27:1. 
Comparable patterns were also reported by Rao 
and Srinivas in 2012.17

	 Pus was the most common clinical 
specimen yielding MRSA in multiple studies, 
including ours. Dar et al. found a high proportion 
of MRSA in pus samples in Aligarh (35.5%), 
while Srinivas et al. reported 64% in Andhra 
Pradesh, Tiwari et al. demonstrated 42% in 
Varanasi, and Rao and Mallick observed 61.4% in 
Maharashtra.18,19

	 In our study, the Surgical Department 
contributed the largest share of MRSA isolates 
at 52.34%. Similar findings are also published 
by Arora et al., with 54.8% MRSA prevalence in 
surgical units. And Lohan et al. observed that 
the majority of MRSA isolates were from surgical 
patients (59.9%), followed by ICU (24.6%), General 
Medicine (11.1%), and paediatrics (4.9%), which 
closely reflects our results.16

	 Penicillin is reported as the antibiotic 
with the highest resistance among MRSA strains, 
whereas vancomycin remains the most effective, 
as confirmed by numerous studies, including the 
present one. Mohit et al. from Uttar Pradesh 
observed complete resistance to penicillin in all 
MRSA isolates, followed by a 76.4% resistance rate 
to ciprofloxacin. A lower resistance pattern was 

Figure 5. Prevalence of VRSA Isolates from human clinical samples in a meta-analysis
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observed with Minocycline (6.7%), Vancomycin 
(5.6%), and linezolid (4.5%).17 Prashant et al. 
reported that all MRSA isolates were resistant 
to penicillin and cloxacillin, while 80.5% also 
exhibited resistance to ciprofloxacin.20 On the 
other hand, vancomycin demonstrated complete 
effectiveness, with no resistance detected (0.0%). 
Among the antibiotics with the least resistance 
were chloramphenicol (17.9%) and gentamicin 
(27.4%). These findings align closely with the 
outcomes of the present study. Similarly, Patel 
et al. reported that all MRSA isolates exhibited 
resistance to penicillin.21 
	 The global incidence of VRSA and VISA 
has been steadily rising. Various studies conducted 
worldwide have reported differing prevalence 
rates for these resistant strains. For example, in a 
study by Bamigboye et al., VRSA was detected in 
1.4% of 73 clinical Staphylococcus aureus isolates 
from a Nigerian hospital. In contrast, Dehbandi  et 
al. reported a higher VRSA prevalence of 18.34%, 
along with VISA identified in 25% of 60 clinical 
S. aureus isolates.22 Shariati et al., in a meta-
analysis, found a VRSA prevalence of 1.2% (95% 
CI) among 2,444 Staphylococcus aureus isolates 
collected before 2010. This number increased to 
2.4% (95% CI: 1.4-3.5) in the period from 2010 to 
2019, based on 3,411 isolates (Figure 5).23 In our 
study, VRSA was detected in 6% of the 290 MRSA 
isolates. No VISA strains were identified. Overall, 
VRSA accounted for 4.09% of the total 440 S. 
aureus isolates examined. A similar proportion of 
VRSA was isolated by Kejela et al., who found the 
prevalence of VRSA around 4.8% without VISA 
isolates.24

	 The distribution of VRSA in our clinical 
samples was comparable to that reported by 
Srinivasan et al., where 80% of isolates were 
from surgical units and 20% from medical units. 
Likewise, Hujer et al. found that 76% of MRSA 
isolates were sourced from surgical departments.25 
Gohar et al. observed that VISA/VRSA strains were 
primarily obtained from pus associated with soft 
tissue and skin infections (75%), followed by blood 
(25%), similar to our study.26 Kejela et al. also 
reported 80% VRSA from the Surgical Department 
and 10% VRSA from the medical and paediatric 
departments in their study.24 
	 Linezolid continues to be the preferred 
treatment option for MRSA strains that exhibit 

resistance to glycopeptide antibiotics like 
teicoplanin. The majority (88.9%) of VRSA 
isolates in this study exhibited susceptibility to 
both linezolid and teicoplanin. These findings 
are in accordance with data of Rajaduraipandi et 
al., who observed a 91.6% susceptibility rate in 
VRSA isolates.27 However, earlier studies-such as 
those conducted by Srinivasan et al. consistently 
observed complete susceptibility of VRSA strains 
to vancomycin and teicoplanin, suggesting a recent 
shift toward emerging resistance to these agents.14

	 In our study, 33.33% of VRSA isolates 
carried the vanA gene, and 22.22% harbored the 
vanB gene. Maharjan et al. from Kathmandu, 
identified vanA in 40% of isolates in their research, 
but did not detect vanB.28 Similar rates were 
observed in a study by Solhjoo from Iran, who 
identified these resistant genes in 34% (vanA) 
and 37% (vanB) of isolates.29 In another study by 
Wesam et al. reported the presence of the vanA 
gene in 16.67% and the vanB gene in 10% of 
VRSA isolates. Aubaid et al. also reported lower 
detection rates, with 6.9% of isolates carrying the 
vanA gene and 12.5% harboring the vanB gene.30

CONCLUSION

	 VRSA has shown a significant upward 
trend worldwide in recent years, a pattern that 
is also evident in India. The inappropriate use of 
antibiotics significantly drives antibiotic resistance 
in developing nations such as India. The problem is 
further intensified by the easy access to antibiotics 
without prescriptions, leading to their misuse and 
irregular treatment practices. The current study 
draws attention to the increasing incidence of both 
MRSA and VRSA within community settings.
	 This investigation identified the vanA 
gene in 33.33% of VRSA isolates and the vanB gene 
in 11.11% of them. This is an alarming sign. The 
MRSA antibiogram varies according to the patient’s 
regional and temporal characteristics. Therefore, 
to minimize resistance, it is essential to conduct 
susceptibility testing on all clinical isolates of S. 
aureus before initiating medication. Additionally, 
sustained monitoring of hospital-origin infections 
and regular evaluation of antimicrobial resistance 
trends are crucial measures in controlling the 
spread of MRSA.
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