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INTRODUCTION

Staphylococci are Gram-positive cocci, arranged in grape‑like 
clusters. They are non-motile, non-sporing, occasionally 
capsulated, and are facultative anaerobes that grow better 
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Abstract
Background: Methicillin-resistant Staphylococcus aureus (MRSA) and methicillin-resistant coagulase-negative staphylococci 
(MRCoNS) have been reported a public health problem globally. MRSA and MRCoNS are the most important infectious agent 
of the nosocomial infection, which is a major problem particularly in developing nations including India, where the burden of 
infectious diseases are high, and healthcare providing facilities are low. Rising percentage in the antimicrobial resistance of the 
methicillin-resistant staphylococci to the available anti-staphylococcal antibiotics is a growing problem in the Indian scenario.

Objective: This study was conducted to determine the occurrence and antimicrobial sensitivity pattern of MRSA and MRCoNS 
isolated from different clinical specimens.

Materials and Methods: MRSA and MRCoNS were identified among 400 staphylococcal isolates, isolated from various clinical 
specimens. All the isolates were identified as per Clinical and Laboratory Standards Institute guidelines and antimicrobial 
susceptibility pattern was determined by Kirby-Bauer disc diffusion method.

Results: A total of 400 staphylococcal isolates were processed, of which 347 isolates (86.75%) were coagulase-positive S. aureus 
and 53 isolates (13.25%) were CoNS, tested by both slide and tube coagulase test. Among 347 coagulase-positive S. aureus, 
148 (42.65%) were MRSA, whereas among 53 CoNS, 28 (52.83%) were MRCoNS. Among MRSA isolates maximum resistance 
was seen with co-trimoxazole (91.89%) and least with vancomycin (0%). Among MRCoNS isolates maximum resistance was 
seen with both penicillin and co-trimoxazole (100%) and least with vancomycin (0%).

Conclusion: It is concluded that to preserve the value of vancomycin for the treatment of life-threatening staphylococcal 
infections in future, there is need of regular surveillance of MRSA and MRCoNS which is necessary for the appropriate guideline 
of antimicrobial therapy and to avoid the use of powerful antibiotics as initial infections.
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under aerobic than anaerobic conditions. Staphylococci 
are classified as coagulase-positive Staphylococcus aureus and 
coagulase-negative staphylococci (CoNS).1

S. aureus is one of  the most important pathogen leading 
to cause diseases ranging from minor skin and soft tissue 
infections to life-threatening conditions.2 CoNS previously 
considered as avirulent commensals have emerged as an 
important prevalent pathogen, especially as a cause of  
nosocomial infection.3 Bloodstream infections are the 
major causes of  CoNS with increased morbidity and 
mortality.4

The term methicillin-resistant S. aureus (MRSA) and 
methicillin-resistant CoNS (MRCoNS) are used for the 
S. aureus and CoNS respectively, leads to the methicillin-
resistance but now refers to a multi-drug resistant group 
and are susceptible only to glycopeptide antibiotics such 
as vancomycin.5

In the 1960s, methicillin was first introduced in human 
medicine for the treatment of  infection caused by 
penicillin’s resistant S. aureus.6 In 1961, in England, the 
first MRSA emerged.7

Methicillin-resistance among S. aureus and CoNS is caused 
by the mecA gene which encodes an altered penicillin-
binding protein 2a with a low affinity for beta-lactam 
antibiotics including the penicillinase-resistant penicillin. 
A genetic element in which mecA gene is located called the 
staphylococcal cassette chromosome.8

The factors responsible for the emergence of  resistant 
forms of  staphylococci includes widespread use of  
antibiotics, prolonged hospital stay, lack of  awareness, 
receipt of  antibiotics before visiting the hospital, etc.9

MRSA and MRCoNS are considered as the most important 
cause of  hospital-acquired infection (HAI) as well as 
community acquired infection (CAI) causing a wide range 
of  diseases, leads to the increased mortality, morbidity, 
the length of  hospital stay along with increased financial 
burden.10

Outbreaks of  hospital-acquired MRSA are typically 
the result of  nosocomial transmission of  MRSA from 
patient to patient and colonized healthcare workers act 
as the reservoir for the spread of  MRSA to uncolonized 
susceptible patients. Outbreaks of  community-acquired 
MRSA reported worldwide.11

The similar habitats are shared by MRSA and MRCoNS, 
both categories are colonizes to the anterior nares and 
different areas of  skin and mucous membranes permanently 

or transiently may play an important role as agents of  
subsequent bacteremia and some other infections.12 It 
reported by Centers for Disease Control and Prevention 
that skin infections can be caused by MRSA among healthy 
newborns so health-care workers should be aware.13

Nosocomial or HAIs includes surgical wound infections, 
ventilator associated pneumonia, bacteremia associated 
with intravenous devices and other prosthetic materials 
such as cerebrospinal fluid (CSF) shunts, prosthetic joints, 
and the vascular graft. CAIs includes infections affecting 
the skin and soft tissue (e.g., boils, impetigo, cellulitis, and 
myositis), toxin-mediated disease (e.g.,  food poisoning 
and toxic shock syndrome), bones and joints infections, 
infections related to deep sites (e.g., endocarditis, abscess 
formation in liver, spleen and other sites) and infections 
related to the urinary tract and lungs.14

The treatment of  infection caused by staphylococci has 
become very complicated due to the increasing resistance 
to various antibiotics, emphasize the need for better control 
of  MRSA and other resistant bacteria for appropriate 
treatment within healthcare settings.

MATERIALS AND METHODS

Study Design
The study was conducted in Department of  Microbiology, 
Teerthanker Mahaveer Medical College and Research 
Centre, Moradabad from March 2015 to February 2016.

The study included those patients from whom staphylococci 
have been isolated among different clinical samples 
submitted to Microbiology Laboratory for culture and 
sensitivity and excluded the specimens were staphylococci 
isolates have been considered contamination due to 
Laboratory or skin flora.

Isolation and Identification of Clinical Specimens
A total of  400 staphylococci isolates were obtained from 
various clinical specimens including pus, blood, urine, high 
vaginal swab (HVS), and CSF.

All the clinical specimens were collected from the patients, 
submitted to the microbiology laboratory for the sample 
processing according to standard protocols and the 
antimicrobial sensitivity was determined according to 
Clinical Laboratory Standard Institute (CLSI) guidelines.

BacT/alert culture bottles were used for the collection of  
blood and body fluids that are loaded in BacT/Alert three-
dimensional (3D) system according to the manufacturer 
instructions. On the detection of  growth in the BacT/alert 
3D system, further sample processing was done.
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Inoculation of  all the clinical specimens and positively 
detected samples from BacT/alert 3D system was 
performed primarily on their respective culture plates and 
incubated aerobically at 37°C for 24 h. Further identification 
was carried out by conventional methods including colony 
characteristics, Gram-staining, catalase test, slide and tube 
coagulase test, growth on mannitol salt agar.

Antimicrobial Susceptibility Testing
The antibiotic susceptibility pattern of  all the confirmed 
S. aureus and CoNS were determined by Kirby-Bauer 
disc diffusion method against the following antibiotics 
as per CLSI guidelines: Penicillin (10 µg), erythromycin 
(15  µg), clindamycin (2  µg), co-trimoxazole (25  µg), 
tetracycline (30 µg), levofloxacin (5 µg), gentamycin (10 µg), 
vancomycin  (30  µg), linezolid (15  µg), oxacillin (1  µg), 
ciprofloxacin (5 µg), cefalexin (30 µg), rifampicin  (5 µg), 
chloramphenicol  (30  µg) ,  ampic i l l in  (10  µg) , 
amoxy/clavulanic acid (20/10  µg), teicoplanin (30  µg), 
amikacin (30  µg), tobramycin (10  µg), amp/sulbactam 
(10/10 µg), and cefotaxime (30 µg).

Muller-Hinton agar used to perform all antimicrobial 
susceptibility tests, and the interpretation criteria were taken 
according to National Committee for Clinical Laboratory 
Standard (NCCLS).

Detection of MRSA and MR CoNS
Oxacillin (1 µg) disc diffusion method
The test was performed by Kirby-Bauer disc diffusion 
method by using 1  µg of  oxacillin disc on Muller-
Hinton agar plate incubated at 35-37°C for 24 h at. The 
interpretation criteria were taken according to (NCCLS) 
guidelines. If  a zone of  inhibition was <10 mm or any 
discernible growth within a zone of  inhibition was used 
as an indicator for methicillin-resistant and ≥13 mm zone 
of  diameter was indicative for methicillin susceptible.

Cefoxitin (30 µg) disc diffusion test
The isolated samples were subjected to cefoxitin disc 
diffusion test by using 30 µg discs. A suspension, equivalent to 
0.5 McFarland standard was prepared from each strain. Then, 
a swab was taken and dipped into the suspension and lawn 
culture was done on MHA plate after that plate was incubated 
at 37°C for 18-24 h and zone of  inhibition was measured.

An inhibition zone diameter of  ≤21 mm was considered 
as cefoxitin resistant reported as methicillin-resistant and 
≥22  mm was reported as cefoxitin sensitive indicating 
methicillin-sensitive.

Statistical Analysis
The data were recorded and analyzed using Microsoft 
Excel (2007 Version). Results are presented in frequency 
(number) and percentage (%).

RESULTS

In our study, 400 staphylococcal isolates were collected 
from various clinical specimens among the patients 
hospitalized in Teerthanker Mahaveer Medical College and 
Research Centre, Moradabad, Uttar Pradesh, India.

The highest percentage of  staphylococcal isolates was 
obtained from pus samples (38%), followed by blood (33.5%), 
urine (24%), HVS (3%), and CSF (2%) (Figure 1) (Table 1).

Out of  400 staphylococcal isolates tested, 347 isolates 
(86.75%) were coagulase positive S. aureus and 53 isolates 
(13.25%) were CoNS, tested by slide and tube coagulase test. 
Among 347 coagulase positive S. aureus, 148 (42.65%) were 
methicillin-resistant, and among 53 CoNS, 28  (52.83%) 
were methicillin-resistant.

The occurrence of  MRSA and MRCoNS were significantly 
variable among different clinical samples. Among 
148 MRSA isolates highest percentage was obtained from 
blood 43.24% (64/148), followed by pus 35.13% (52/148), 
urine 18.24% (27/148), CSF 2.70% (4/148), and HVS 
0.67% (1/148). Among 28 MRCoNS highest percentage 
was obtained from blood 46.42% (13/28), followed by pus 
25% (7/28), urine 24% (6/28), and HVS 3.57% (1/28) 
(Figure 2) (Table 2).

Among 148 MRSA isolates, 72 (48.65%) were from male 
patients and 76  (51.35%) were from female patients. 
Among 72 MRSA isolated from male patients, maximum 
27 (37.5%) were obtained from 0 to 10 age group whereas, 
among 76 MRSA isolated from female patients, maximum 
24 (31.58%) were obtained from 21 to 30 age group.

Out of  28 MRCoNS isolates, 9 (32.14%) were from male 
patients and 19  (67.85%) were from female patients. 
Among 9 MRCoNS isolated from male patients, maximum 
3 (33.33%) belonged to (0-10) age group whereas, among 
19 MRCoNS isolated from female patients, maximum 
6 (31.58%) belonged to (0-10) age group (Figure 3) (Table 3).

MRSA and MRCoNS isolates show different antimicrobial 
susceptibility pattern against agents of  different classes. 

Table 1: Distribution of staphylococcal isolates 
from different clinical specimens
Clinical 
specimens

Number of staphylococcal 
isolates

Percentage

Pus 152 38
Blood 134 33.5
Urine 96 24
HVS 12 3
CSF 6 2
Total 400 100
HVS: High vaginal swab, CSF: Cerebrospinal fluid
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It was observed that MRSA isolated from various clinical 
samples show highly variable drug resistant pattern whereas 
nearly similar drug resistant was shown by MRCoNS.

Among MRSA isolates maximum resistance was seen with 
co-trimoxazole (91.89%), followed by penicillin-G (89.19%) 
and least with vancomycin (0%), followed by linezolid 
(5.40%). Among MRCoNS isolates maximum resistance 
was seen with both penicillin-G and co‑trimoxazole 
(100%), followed by amoxicillin (89.28%) and least with 
vancomycin (0%), followed by teicoplanin (10.71%) 
(Figure 4)  (Table 4).

DISCUSSION

Among hospitalized patients S. aureus has been noted as 
the most important causative agent of  wound infection. 

Table 2: Isolation of coagulase positive and coagulase negative staphylococci from various clinical 
specimens
Clinical 
specimens

Number of 
S. aureus

MRSA 
n (%)

MSSA 
n (%)

Number 
of CoNS

MRCoNS 
n (%)

MSCoNS 
n (%)

Pus 137 52 (35.13) 85 (42.75) 15 7 (25) 8 (32)
Blood 113 64 (43.24) 49 (24.62) 21 13 (46.42) 8 (32)
Urine 83 27 (18.24) 56 (28.14) 13 7 (25) 6 (24)
HVS 8 1 (0.67) 7 (3.52) 4 1 (3.57) 3 (12)
CSF 6 4 (2.70) 2 (1.01) 0 0 (00) 0 (00)
Total 347 148 (42.65) 199 (57.35) 53 28 (52.83) 25 (47.17)
MRSA: Methicillin‑resistant Staphylococcus aureus, MRCoNS: Methicillin‑resistant coagulase‑negative staphylococci, HVS: High vaginal swab, CSF: Cerebrospinal fluid

Table 3: Age and sex distribution of MRSA and MRCoNS isolates
Age 
group

Total number 
of MRSA

Male Female Male‑female 
ratio

Total number 
of MRCoNS

Male Female Male‑female 
ratio

0‑10 48 27 21 9:7 9 3 6 1:2
11‑20 27 12 15 4:5 3 1 2 1:2
21‑30 36 12 24 1:2 7 2 5 2:5
31‑40 9 3 6 1:2 2 0 2 0:2
41‑50 10 6 4 3:2 2 1 1 1:1
51‑60 9 6 3 2:1 3 1 2 1:2
61‑70 7 5 2 5:2 1 1 0 1:0
71‑80 2 1 1 1:1 1 0 1 0:1
Total 148 72 76 18:19 28 9 19 1:2
MRSA: Methicillin‑resistant Staphylococcus aureus, MRCoNS: Methicillin‑resistant coagulase‑negative staphylococci, HVS: High vaginal swab, CSF: Cerebrospinal fluid

Table 4: Antimicrobial resistance pattern of MRSA 
and MRCoNS isolates
Antibiotics MRSA 

(n=148)
MRSA 

(%)
MRCoNS 

(n=28)
MRCoNS 

(%)
Co‑trimoxazole 136 91.89 28 100
Penicillin‑G 132 89.19 28 100
Amoxicillin 132 89.19 25 89.28
Cefalexin 128 86.40 24 85.71
Ampicillin 127 85.87 25 89.28
Amoxy/clavulanic acid 121 81.67 24 85.71
Ciprofloxacin 116 78.38 21 75
Erythromycin 109 73.65 24 85.17
Ofloxacin 104 70.27 16 57.14
Levofloxacin 93 62.84 20 71.43
Gentamycin 88 59.46 16 57.14
Cefotaxime 80 54.05 21 75
Amp/Sulbactam 76 51.35 24 85.71
Clindamycin 71 47.97 20 71.43
Chloramphenicol 65 43.91 16 57.14
Tetracyclin 64 43.24 13 46.42
Tobramycin 53 35.81 23 82.14
Refampicin 40 27.03 16 57.14
Amikacin 24 16.22 11 39.28
Teicoplanin 15 10.13 3 10.71
Linezolid 8 5.40 5 17.86
Vancomycin 0 00 0 00
MRSA: Methicillin‑resistant Staphylococcus aureus, MRCoNS: Methicillin‑resistant 
Coagulase‑Negative staphylococci

Figure 1: Distribution of staphylococci among different clinical 
specimens
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CoNS are a group of  an opportunistic pathogen that causes 
a wide range of  diseases in hospitalized patients.15

The growing concern in the Indian scenario about the 
rapid increasements in the resistance of  S. aureus and CoNS 
to various antimicrobial agents. MRSA and MRCoNS 
have been recognized as the predominant pathogen 
among hospitalized patients with increased morbidity and 
mortality.16

The earlier studies were reported to MRSA of  concern 
but during 1970s it become clear that the occurrence of  
methicillin resistance was higher in CoNS (MRCoNS) 
than in S. aureus (MRSA),17 in our study it has become 
true in a continuous manner. The present study shows 
low occurrence rate of  MRSA, which is 42.65% than 
MRCoNS which is 52.83% reported that methicillin 
resistance seen in CoNS (MRCoNS) was higher than 
S. aureus (MRSA).

The occurrence of  MRSA in different regions of  India 
varies according to the INSAR (Indian Network of  
Surveillance of  Antimicrobial Resistance) group,18 a multi-
hospital based study in various part of  India shown that 

the overall MRSA occurrence in India was 42% in 2008 
and 40% in 2009.

In a study at Aligarh, India19 it was shown that 35.1% of  
S. aureus and 22.5% of  CoNS isolates were resistant to 
methicillin which is low as compared to our study. Anila 
A. Mathew has reported an occurrence rate of  MRSA of  

Figure 2: (a) Isolation of coagulase positive staphylococci from 
different clinical specimens, (b) isolation of coagulase negative 

staphylococci from different clinical specimens

b

a

Figure 4: Antimicrobial resistance pattern of 
methicillin‑resistant Staphylococcus aureus and 

methicillin‑resistant coagulase-negative staphylococci isolates

Figure 3: (a) Age and sex distribution of methicillin-resistant 
Staphylococcus aureus isolates, (b) age and sex distribution of 
methicillin-resistant coagulase-negative staphylococci isolates

b

a
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about 34% in the clinical specimen and occurrence rate 
of  MRSA in Eastern U.P. and AIIMS in New Delhi, were 
54.85% and 44% respectively.20 In our study MRSA was 
42.65% which is accordance with the similar findings of  
MRSA in AIIMS, New Delhi.

Few studies from India has reported slightly higher 
occurrence rate of  MRSA as compared to our study such 
as 46% by Arora et al.,21 from Amritsar, 48.72% by Deepa 
et al.,22 from Mysore, South India, 51.6% by Vidhani et al.,23 
from New Delhi, 54.85% by Anupurba et al., from Banaras 
Hindu University.24

In another study in Nagpur in November-1999 to 
October-2000, the rate of  MRSA was 19.5% which is low 
as compared to this study.9 MRCoNS in our study was 
52.83% which is average than other studies from India, 
ranging from 22.5 to 73.5%.25

This variation in the occurrence of  methicillin resistance 
among staphylococci is due to the various factors as the 
availability of  healthcare facilities in a particular hospital, 
implementation, and monitoring of  infection control 
policy, antimicrobial therapy that play a different role from 
hospital to hospital.

The occurrence of  MRSA and MRCoNS were noted 
variable among different clinical specimens. Out of  
148 MRSA and 28 MRCoNS, the highest percentage of  
MRSA 43.24% (64/148) and MRCoNS 46.42% (13/28) 
were obtained from blood. The similar findings also 
reported by Anbumani at Chennai,26 according to which 
maximum isolates of  MRSA were from blood specimen 
compared to pus. Our study shows that females are 
more susceptible to MRSA and MRCoNS infections 
than males.

In the present study, MRSA and MRCoNS represents 
variable drug resistant pattern. MRSA isolates shows the 
highest resistance to co-trimoxazole (91.89%) followed 
by penicillin-G (89.19%), whereas MRCoNS isolates 
shows the highest resistance to both penicillin-G and 
co-trimoxazole (100%). All tested MRSA and MRCoNS 
shows no resistance to vancomycin. These results agreed 
with many other studies in the world mentioned that 
vancomycin was the first drug of  choice to methicillin-
resistant staphylococci for example in the study done by 
Von Eiff  et al.,27 and by Calderon-Jaimes et al.28

Most of  the MRSA and MRCoNS showed multidrug 
resistance that makes difficult to treat the infection. Hence, 
it is necessary to evaluate the drug resistant pattern against 
MRSA and MRCoNS for controlling the nosocomial 
infections in an effective manner.

CONCLUSION

In our study, it is concluded that in our hospital the 
occurrence of  methicillin resistance is higher in both 
S. aureus and CoNS that is worrisome in the present 
therapeutic scenario. Females are more susceptible to both 
MRSA and MRCoNS infections as compared to males.

According to our study, most of  the MRSA and MRCoNS 
isolates shows the high level of  resistance against widely 
used antimicrobial agents. Although both MRSA and 
MRCoNS show no resistance to vancomycin.

Vancomycin is the first drug of  choice for the treatment 
of  infections caused by MRSA and MRCoNS and to 
preserve its value we should avoid the use of  vancomycin 
as initial treatment and save it for the treatment of  life-
threatening infections caused by staphylococci. Linezolid 
and teicoplanin also show low resistance to both MRSA 
and MRCoNS so they can also play an important role in 
the treatment of  staphylococcal infections.

In this study, both MRSA and MRCoNS shows higher 
resistance to co-trimoxazole, penicillin-G, amoxicillin, 
cefalexin, ampicillin so these are less effective in the 
treatment of  MRSA and MRCoNS infections.

As of  multidrug-resistant nature of  both MRSA and 
MRCoNS, the infection control committee of  the hospital 
should want to recommend continuous surveillance 
of  hospital-associated infection and want to take strict 
infection control policy to eradicate infections caused by 
MRSA and MRCoNS.
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