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INTRODUCTION 
Methicillin-resistant Staphylococcus aureus (MRSA) 

is an increasing problem in health care facilities1,2. The 
burden of MRSA continues to rise, with a rate of 14% of 
all Staphylococcus aureus strains in 2004 documented 
from clinically significant samples in New South Wales, 
Australia3. Rising colonization rates lead to increased 
infection rates in the community and in hospitals. The 
consequence to the health care system is longer 
hospital stays and greater costs, which approximately 
double the expenditure per patient4. Patient risks 
include significantly higher mortality and morbidity 
rates with invasive MRSA infection5. 

 
MRSA infections are traditionally associated with 

exposure to a health care environment, especially the 
inpatient hospital setting. However, MRSA has newly 
evolved to include bacterial strains affecting persons 
without previous exposure to health care 
environments. These community-associated MRSA (CA-
MRSA) infections have been identified in a variety of 
populations, including: athletes participating in close 
contact sports, military recruits in barracks settings, 
intravenous drug users, men who have sex with men, 
tattoo recipients, religious community members, and  

 
inmate populations. Moreover, many healthy adults 
and children without any obvious risks for exposure are 
also developing MRSA infections. 

 
Phenotypically susceptible strains, known as pre-

methicillin-resistant S. aureus (pre-MRSA) and pre-
methicillin-resistant coagulase-negative staphylococci 
(pre-MRCNS), have been discovered, which do not 
express methicillin resistance, as mecA is fully 
repressed bymecI6.  The induction of mecA 

transcription is very slow and might be due to 
mutations of mecI7.  The present study was aimed to 
evaluate the prevalence of among the patients 
admitted in intensive care unit.  
 

 
MATERIAL AND METHODS 

The study was carried out in the Department of 
Microbiology, SN Medical College, Agra in collaboration 
with KD Dental College, Mathura, UP.  Neonates and 
children up to age of 12 years attending the 
Department of Paediatrics, from April 2011 to March 
2012 were included in this study. 
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The blood samples were processed which were 
already sent to microbiology department. Blood 
samples were collected in blood culture bottles 
containing the medium for the bacterial growth. After 
incubating the blood culture bottles containing 
medium and blood samples were plated on the solid 
medium and incubated for the bacterial growth. All the 
samples were subjected to grams staining and for 
identification of Staphylococcus aureus catalase test, 
coagulase test, oxidation/fermentation test, sugar 
fermentation test (Glucose, Lactose, Sucrose, 
Mannitol, Maltose), Amino acid tests (Arginine, Lysine, 
Ornithine) and urease test. For positive samples of S. 

aureus antimicrobial susceptibility test was done by 
disk diffusion method. Degree of resistance for 
methicillin resistant S. aureus was studied by minimum 
inhibitory concentration (oxacillin and cefoxitin), Kirby 
Bauer disk diffusion method (oxacillin and cefoxitin) 
and oxacillin agar screening test. PCR was done for all 
S. aureus species to see the methicillin resistance.   
 

RESULTS 
The study comprised of 2529 samples from the 

patients admitted in the Neonatal Intensive Care Unit 
(NICU). In 2103 (83.2) samples, no growth was 
observed, growth was observed among 278 (11%) 
samples and 148 (5.9%) of the samples were 
contaminated.    

 
Table 1 shows that CONS (27.34%) are the 

predominating species in all blood culture followed by  
Acinetobactor, E. coli and Staphylococcus aureus which 
are 24.10%, 13.67% and 13.31% respectively. 
 
Table.1: Distribution of total isolates (n=278) 

Organisms Number (%) 

CONS 76 (27.34) 
Acinetobacter 67 (24.10) 
E.coli 38 (13.67) 
Staphylococcus aureus 37 (13.31) 
Enterococcus 24 (8.63) 
Klebsiella spp. 11 (3.96) 
Pseudomonas spp. 9 (3.24) 
Citrobacter 6 (2.15) 
Enterobacter 5 (1.80) 
Candida 5 (1.80) 

 
Figure 2 shows percentage of MRSA in total S. 

aureus. Methicillin resistance is shown as determined 
by the gold standard test in the study i.e. Oxacillin MIC 
by agar dilution method. Thirty one, 83.8%, MRSA 
strains were detected in the 37 S. aureus isolates 
obtained during the study period. Over all S. aureus 

isolation was obtained 37 (13.31%) of all 278 isolates 
from blood culture.  

 

 

 
Figures in parentheses represent percentage 
 
Figure.2: Percentage of MRSA in total S. aureus. 
 

Table 2 presents the antibiotic sensitivity pattern 
of S. aureus strains (n=37) for different groups of 
antibiotics. S. aureus isolates show high percentage of 
resistance to β-lactam antibiotics. More than 80% 
resistance was shown by gentamicin, oxacillin, 
amoxicillin and cefoxitin. Ciprofloxacin resistance was 
also ~80%. Vancomycin and Linezolide were 100% 
sensitive drugs against the S. aureus isolates. 
 
Table.2: Antibiotic sensitivity pattern of S. aureus 

isolates (n=37) 

Antibiotics 
Sensitive 

(S) 
Intermediate 

(I) 
Resistant 

(R) 

Gentamicin 7 (18.92) -- 30 (81.08) 
Ciprofloxacin 6 (16.22) 2 (5.40) 29 (78.38) 
Vancomycin 37 (100) -- -- 
Erythromycin 19 (51.35) 1 (2.70) 17 (45.95) 
Linezolide 37 (100) -- -- 
Oxacillin 6 (16.22) -- 31 (83.78) 
Clindamycin 23 (62.16) -- 14 (37.84) 
Amoxicillin 5 (13.51) 2 (5.40) 30 (81.08) 
Cefoxitin 6 (16.22) -- 31 (83.78) 

Figures in parentheses represents percentage 

 
All 31 strains were resistant to cifoxitin. More than 

90% resistance was shown by gentamicin, ciprofloxacin 
and amoxicillin. More than 50% isolates were resistant 
to erythromycin. Vancomycin and Linezolide were 100% 
sensitive drugs against the MRSA isolates. More than 
50% isolates were sensitive to clindamycin (Table-3).  
 
Table.3: Antibiotic sensitivity pattern of MRSA isolates 
(n=31) 

Antibiotics 
Sensitive 
(S) 

Intermediate 
(I) 

Resistant 
(R) 

Gentamicin 1 (3.23) -- 30 (96.77) 
Ciprofloxacin 2 (6.45) 1 (3.23) 28 (90.32) 
Vancomycin 31 (100) -- -- 
Erythromycin 13 (41.93) 1 (3.23) 17 (54.84) 
Linezolide 31 (100) -- -- 
Clindamycin 17 (54.84) -- 14 (45.16) 
Amoxicillin -- 1 (3.23) 30 (96.77) 
Cefoxitin -- -- 31 (100) 
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DISCUSSION 
Methicillin resistant Staphylococcus aureus (MRSA) 

strains were initially described in 1961 and emerged in 
the last decade as one of the most important 
nosocomial pathogens8. Infected and colonized 
patients provide the primary reservoir and transmission 
is mainly through hospital staff9.  The risk factors which 
contribute to MRSA are excessive antibiotic usage, 
prolonged hospitalization, intravascular catheterization 
and hospitalisation in intensive care unit10.  
Staphylococcus aureus (S. aureus) is a Gram-positive 
coccus bacterium that belongs to the family 
Micrococcaceae. Isolated colonies of S. aureus are 
usually large (6 to 8 mm indiameter), smooth, entire, 
slightly raised, and translucent. The colonies of most 
strains are pigmented with colors ranging from cream-
yellow to orange. Rare strains have relatively large 
capsules, which gives them a wet appearance11. 

 
The aim of this study was to determine whether 

molecular methods offer any other benefit in addition 
to rapid turnaround times to offset the additional 
expense of molecular testing.  In this study, neonates 
(of age less than or equal to 28 days) and children up to 
12 years of age were included. A total of 2529 samples 
were investigated, out of which 278 (10.9%) samples 
had bacterial growth. Out of the bacterial growth, 37 
(13.3%) had the confirm etiology of Staphylococcus 

aureus. Out of 37 Staphylococcus aureus samples, 
31(83.8%) were methicillin resistant Staphylococcus 

aureus (MRSA).  
 
The prevalence of MRSA (13.3%) in the present 

study is lower than the other studies.  The prevalence 
of MRSA in a study from Chennai12 was reported as 40-
50%. S. aureus constituted 17% of catheter related blood 
stream infections (CRBSIs) in that centre. A high 
prevalence of MRSA (35% in ward and 43% in ICU) was 
observed from blood culture specimens in a study in 
Delhi13.  Patel et al.14 reported a change in the blood 
stream infections with S. aureus emerging as the 
predominant pathogen.  The incidence of MRSA varies 
from 25% in western part of India to 50% in South India. 
Community acquired MRSA (CA-MRSA) has been 
increasingly reported from India15.  In a multicentric 
study, the incidence of MRSA in ICU from blood 
specimen was reported to be 51%.  The difference in the 
incidence of MRSA between present study and other 
studies might be the geographical differences and type 
of hospitals.  The present study was carried out among 
the neonates and children upto 12 years as well as in 
ICU of the Pediatric department. Other studies 
included all the patients as well as in the different 
wards and outpatients.  

 
One of the more alarming recent trends in 

infectious diseases has been the increasing frequency 
of antimicrobial resistance among microbial pathogens 

causing nosocomial infection16.  In the present study, S. 

aureus isolates show high percentage of resistance to 
β-lactam antibiotics. More than 80% resistance was 
shown by gentamicin, oxacillin, amoxicillin and 
cefoxitin. Ciprofloxacin resistance was also ~80%. 
Vancomycin and Linezolide were 100% sensitive drugs 
against the S. aureus isolates. However, 83.8% strains 
were resistant to cifoxitin. Majority (83.8%) resistance 
was shown by gentamicin, ciprofloxacin and 
amoxicillin. More than 50% isolates were resistant to 
erythromycin. Vancomycin and Linezolide were 100% 
sensitive drugs against the MRSA isolates. More than 
50% isolates were sensitive to clindamycin. Tsering et 

al.17 reported antibiotic susceptibility pattern of MRSA 
infection in a referral tertiary care teaching hospital of 
Sikkim, India. Methicillin resistance was seen in 152 
isolates of S. aureus, 111 from clinical specimens and 41 
from carrier screening samples. MRSA positivity among 
males was significantly higher than females. 
 

CONCLUSION 
Due to the ever increasing MRSA infection in 

hospitals, related cost and ailments and its spread in 
other patients and as well as in the community via the 
health care workers, every hospital or health care 
settings should survey the MRSA prevalence and follow 
the universal precautions, the most important one 
being washing hand with alcohol based soap after each 
patient care. 
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