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Background: MRSA causes globally severe morbidity and mortality. Methicillin resistance is caused
by the presence of mecA gene, which has a low affinity for β-lactam antibiotics, whereas absence of
the gene from Staphylococcal strain indicates methicillin susceptibility. Cefoxitin is a potent inducer
of the mecA regulatory system. The PVL gene has been detected in skin associated hospital acquired
infection.
Aims and Objectives: To isolate methicillin resistant Staphylococcus aureus from various clinical
specimens from hospital acquired infections and study the association of mecA and PVL gene in
MRSA from tertiary care hospital.
Methods: Processing of specimens were done according to standard bacteriological procedures
and identification of bacterial isolate was done by colony morphology & biochemical test and further
subjected to antibiotic susceptibility testing and to Polymerase chain reaction for detection of mec A
gene and PVL gene.
Results: Testing with cefoxitin disk diffusion method identified 162 isolates as MRSA, by PCR, mecA gene was present in 162 isolates and 32 isolates of MRSA showed PVL gene and both the genes
were present in 21 isolates of MRSA.
Conclusion: The cefoxitin disk diffusion test, which is a simple and cost-effective method has shown
high sensitivity and specificity in identification of MRSA.
Keywords: MRSA, mec-A gene, PVL gene.

Article History
Received: 02.12.2020
Accepted: 19.12.2020
*Corresponding Author
Dr. Vichal Rastogi
Professor, Department of Microbiology,
School of Medical Sciences & Research,
Greater Noida, Uttar Pradesh, India.
Copyright: © the author(s. IABCR is an official
publication of Ibn Sina Academy of Medieval
Medicine & Sciences, registered in 2001 under
Indian Trusts Act, 1882.
This is an open access
article distributed in accordance with the
Creative Commons Attribution Non Commercial
(CC BY-NC 4.0) license, which permits others
to distribute, remix, adapt, build upon this work
non-commercially, and license their derivative
works on different terms, provided the original
work is properly cited and the use is noncommercial

INTRODUCTION_____________________
The staphylococcus aureus is one of the most common
bacteria encountered in patients. It is responsible for causing
a variety of human infections, which may range from minor
skin diseases like furuncles, impetigo, carbuncles to life
threatening infections like pneumonia, meningitis,
endocarditis, osteomyelitis, and toxic shock syndrome. It is
the second largest cause of hospital-acquired pneumonia. It
can cause meningitis, which is usually as a result of
infections after brain surgery or a consequence of S. aureus
infection in the blood. It can cause septic of infective arthritis
as also osteomyelitis. S. aureus is the most common cause
of surgical wound infections. Serious infections of heart
valves called endocarditis are also caused by S. aureus.
Resistance to penicillin is mediated by production of
penicillinase, an enzyme which inactivates penicillins by
opening up the β-lactam ring. Penicillinase resistant
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penicillins (methicillin, oxacillin, cloxacillin and flucloxacillin)
were developed later for treatment of these penicillin
resistant strains of S. aureus. However, within a few years of
their use, resistance to methicillin began emerging.
Methicillin resistant S. aureus (MRSA) was first described in
1961, one year after introduction of Methicillin.1 MRSA is now
a major nosocomial pathogen that causes severe morbidity
and mortality worldwide.2 MRSA is defined as a strain of S.
aureus that is resistant to the β-lactam group of antibiotics,
that includes penicillins and cephalosporins. The reservoir of
Methicillin-Resistant S. aureus (MRSA) is infected and
colonized patients, and the major mode of transmission from
patient to patient is through the contaminated hands of
healthcare workers.3 This leads to serious endemic and
epidemic MRSA infections.4
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The mecA gene is essential for acquiring resistance of MRSA
strain, the PVL gene is an additional factor which is seen only
in community acquired strains. The PVL positive MRSA
strains were thought to be associated with CA-MRSA
infections earlier, which are now widespread in hospitals.5,6

METHODS__________________________
The proposed study was conducted from November 2017 to
April 2020 in the Department of Microbiology, Santosh
Medical College, Ghaziabad in collaboration with
Department of Medicine, Department of Microbiology and
Central Research Laboratory at School of Medical Sciences
& Research, Sharda Hospital, Greater Noida, has included
162 MRSA strains, Processing of specimens (urine, pus,
blood, fluids etc) was done according to standard
bacteriological procedures and identification of bacterial
isolate was done by colony morphology & biochemical test
and further subjected to antibiotic susceptibility testing and to
Polymerase chain reaction for detection of mec A gene and
PVL gene.

RESULTS___________________________
Total 3546 culture samples were received from patients of all
age and sex who were admitted in hospital and showed signs
& symptoms of infection. Total number of 282
staphylococcus aureus were isolated among them 162 were
methicillin resistant staphylococcus aureus and 120 were
methicillin sensitive staphylococcus aureus isolates. These
162 MRSA isolates, 112 (69.13 %) isolates were from males
and 50 isolates (30.87 %) were females (Table-1)
Maximum number of MRSA isolates were obtained from
surgical ward were 79 (48.76%) cases followed by
orthopaedic ward 51 (31.48 %) Gynaecology ward 12
(7.40%) pediatric ward 09 (5.55%) medical ward 07 (4.32%)
skin &STD 03 (1.85%) and ENT 01(0.61%). (Table 2).
Methicillin Resistant Staphylococcus aureus (MRSA)
showed 100% sensitivity to Vancomycin and Teicoplanin,
followed by Linezolid (98.77%) and Amikacin (73.46%).
Isolates from urine samples showed 62.25% sensitivity to
Nitrofurantoin and 70.04 % sensitivity to Norfloxacin. The
least sensitivity was observed for Ciprofloxacin (14.82%)
followed by Levofloxacin (33.34%) and Erythromycin
(17.29%). There was 100% resistance to penicillin, followed
by Ciprofloxacin (85.18%), Erythromycin (82.71%),
Levofloxacin (66.66), and Gentamicin (65.43%). There was
no resistance to Vancomycin and Teicoplanin followed by
linezolid (1.23%). Among urine samples 37.5% isolates were
resistant to Nitrofurantoin and 29.60 % to Norfloxacin.
(Table-3)
Testing with cefoxitin disc diffusion method identified 162
staphylococcus aureus isolates as MRSA and compared to
mec-A gene detection by PCR, 02 isolates were not having
mec-A gene and 32 were not having PVL gene Total 21 were
having mec-A and PVL gene presence in MRSA isolates.
(Table 4)
Table 1: Gender Wise Distribution of MRSA Isolates.
Sex

Isolation

%

Male

112

69.13

Female

50

30.87

Total

162

100
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Table 2: Distribution of MRSA in various wards
Department/Ward

Number (n=162)

%

Surgery ward

79

48.76

Orthopedic ward

51

31.48

Gynecology ward

12

7.40

Pediatric ward

09

5.55

Medical ward

07

4.32

Skin & STD

03

1.85

ENT

01

0.61

Table 3: Antibiogram of Methicillin resistant staphylococcus aureus
(MRSA)
MRSA Resistance
Pattern
Antibiotics

Number (n=162)

%

Penicillin G

162

100

Cefoxitin

162

100

Amikacin

43

26.54

Gentamicin

106

65.43

Erythromycin

137

84.56

Clindamycin

149

91.97

Ciprofloxacin

138

85.18

Levofloxacin

108

66.66

Vancomycin

0

0

Teicoplanin

0

0

Linezolid

02

1.23

Nitrofurantoin (15)

09n=24)

37.5

Norfloxacin (15)

07(n=24)

29.16

Table 4: Results of Cefoxitin Disc Diffusion method and their
correlation with mec-A gene & PVL gene detection
Cefoxitin Disc Diffusion (30µg) (n=162)
Genotypic Markers
mec-A(+)
162
PVL (+)
32
Mec-A & PVL

Resistance

%

162

100%

32

100%

21

12.96%

DISCUSSION________________________
There is growing concern about rapid development of
resistance in S. aureus to various antimicrobial agents
including the newer ones. So, it becomes imperative to have
a robust method of identification for methicillin resistant
Staphylococcus aureus (MRSA). The present study strives
to describe the distribution and antimicrobial susceptibility
pattern of MRSA at a tertiary care hospital in northern India.
We have also compared the relative performance of common
phenotypic methods available for identification of MRSA
against PCR for mec-A gene & PVL gene detection.
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The present study included a total of 162 isolates of
methicillin resistant staphylococcus aureus being isolated
from tertiary care hospital. According to a this study, the
frequency of 57.44% of S. aureus clinical isolates being
methicillin-resistant in India is similar to what has been
reported in the rest of the Asian countries (41.9% in Pakistan,
45.8% in China, 41% in Japan, 35.3% in Singapore and
55.9% in Taiwan), except Hong kong, Indonesia (28% each)
and South Korea (>70%).7 The differences in prevalence
rates of MRSA reported from various centers might be due
to several factors like different sample sizes and study
population, difference in healthcare facilities, pattern of
antibiotic usage and antibiotic policies and varying infection
control practices from hospital to hospital. In our study 162
isolates were MRSA, 112 (69.13 %) isolates were from males
and 50 isolates (30.87 %) were females whereas in another
study by Kulshrestha A. et al 2017 from India, reported higher
MRSA prevalence in males (73%) and females 27%. The
increased rate of MRSA infections among males could be
due to their more outdoor activities, in turn exposing them to
contaminated environment and also compared to females,
accidental injuries are more common among men. Another
study performed by Khanal LK. Et al 2010 also noted that the
rate was significantly higher among males (75%) than
females (25%).8
In the present study, maximum number of MRSA isolates
were obtained from surgical cases (48.76%) followed by
orthopaedic (31.48%) gynaec cases (7.40%) pediatric
(5.55%), and medical cases (4.32%) skin department
(1.85%) and ENT (0.61%) (Table 2). These findings are
similar to those in other studies. In a study by Rajesh TP et
al, majority of isolates were from General Surgery
department (44%), followed by General Medicine (15%),
Orthopedics (8%), Pediatrics and rest from other
departments (<5%).9
For the detection of methicillin resistance all 282 isolates of
Staphylococcus aureus were subjected to Cefoxitin disk
diffusion method and real time PCR for mec-A gene & PVL
gene detection.
Methicillin Resistant Staphylococcus aureus (MRSA)
showed 100% sensitivity to Vancomycin and Teicoplanin,
followed by Linezolid (98.77%) and Amikacin (73.46%).
Isolates from urine samples showed 62.25% sensitivity to
Nitrofurantoin and 70.04 % sensitivity to Norfloxacin.
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The least sensitivity was observed for Ciprofloxacin (14.82%)
followed by Levofloxacin (33.34%) and Erythromycin
(17.29%). There was 100% resistance to penicillin, followed
by Ciprofloxacin (85.18%), Erythromycin (82.71%),
Levofloxacin (66.66), and Gentamicin (65.43%). There was
no resistance to Vancomycin and Teicoplanin followed by
linezolid (1.23%). Among urine samples 37.5% isolates were
resistant to Nitrofurantoin and 29.60 % to Norfloxacin.
Cefoxitin disk diffusion method identified 162 isolates ad
MRSA, mec-A gene was present in 162 MRSA strains and
PVL gene was found in 32 and both mec-A and PVL genes
were found together in 21 isolates of MRSA.
They are time consuming and also encounter difficulties in
detecting all the resistant isolates, as many environmental
factors, existence of various types of strains among S.
aureus population limit their accuracy.

CONCLUSION_______________________
The cefoxitin disk diffusion test, which is a simple and costeffective method has shown high sensitivity and specificity in
identification of MRSA. The mec-A gene & PVL gene by
polymerase chain reaction is considered as the best method
to detect MRSA. Thus, it can be used as an accurate
surrogate marker in routine testing to detect MRSA for early
detection of the same.
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