
 
 

International Journal of Pharmacy and Biological Sciences- ISSN: 2321-3272 (Print) 

IJPBS | Volume 5 | Issue 4 | OCT-DEC | 2015 | 07-17 

Research Article – Pharmaceutical Sciences 

 

 

 
International Journal of Pharmacy and Biological Sciences                                                            Kumud Bala* et al 

  

                                                                                                                                        www.ijpbs.com  or www.ijpbsonline.com 

7 

NASAL CARRIAGE OF METHICILLIN RESISTANT STAPHYLOCOCCUS AUREUS (MRSA) 

IN HEALTH CARE WORKERS AND HEALTHY INDIVIDUALS 

IN A TERTIARY CARE HOSPITAL 

 

Lovely Gupta1, Mohini Agarwal2, Kumud Bala3* 

1,2,3*
 J 3 Block, 3rd Floor, Amity Institute of Biotechnology, Amity University, Sector-125,Noida201303, Uttar Pradesh, India 

 

*Corresponding Author Email: kumud.bala.singh@gmail.com 

 

ABSTRACT   
Staphylococcus aureus is one of the pathogenic microorganisms widely present in human. Approximately, 25-30% 
of normal individuals are carrying S. aureus in their anterior nares and skin. It, commonly, causes both nosocomial 
and community-acquired infection. It can be treated with antibiotics, but with time, some strains of S. aureus have 
become resistant to antibiotics such as penicillin, methicillin, oxacillin. S. aureus having resistance against 
methicillin, is known as methicilin resistant Staphylococcus aureus (MRSA), was first discovered in 1961. Longer 
stay in hospital and prolonged antibiotic administration to the patients resulted in methicillin resistance. 
Presently, the prevalence rate of methicilin resistant Staphylococcus aureus in nasal swabs among health care 
workers (HCWs) and healthy individuals in a tertiary care hospital was studied. 60 nasal swab samples were 
collected and cultured on the blood agar plates. S. aureus was identified and confirmed using gram staining and 
biochemical tests. By Kirby-Bauer disc diffusion method, antibiotic susceptibility test was performed for the 
detection of MRSA using cefoxitin disc. In result, 41.66% S. aureus and 31.66% MRSA strains were isolated. MRSA 
carriage rate in females was higher than males. High prevalence rate of MRSA was detected in 21-40 years of age 
group. MRSA isolated in health care workers was 32.65%, among which, carriage rate was found highest in 
nurses. The present study concluded that percentage of MRSA prevalence was quite high among hospital care 
workers particularly in nurses. Therefore, periodical surveillance of MRSA should be done in all the health care 
workers in the hospital.  
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INTRODUCTION 

Staphylococcus aureus is an opportunistic and commensal pathogen in healthy individuals and many 

homoeothermic species. In 30-50% healthy people, it commonly found on the skin and in anterior nares [1]. 

Worldwide, it is one of the leading causes of human bacterial infection [2]. 

S. aureus is gram-positive cocci, approximately 1 µm in diameter, and form grape-like (Greek staphyle) clusters 

indicative of the ability to divide in more than one plane. They grow both aerobically and anaerobically and 

most strains ferment mannitol anaerobically. They are catalase and coagulase positive. On blood agar, they 

form characteristic golden (Latin aureum) or white colonies 
[3]

. 

S. aureus causes majorly skin infections and life-threatening diseases such as urinary tract infection, 

respiratory tract infection, intestinal tract infection, sepsis and soft tissue infection, blood-stream infections. It 

is generally non-pathogenic where it is present as commensal except when it gets access to deep tissues 

through broken skin, resulting in surgical site or wound infection, through the bloodstream leading to 

bloodstream infection or bacteraemia [4]. 

S. aureus has shown resistance to many classes of antibiotics. To treat staphylococcal infection, the first choice 

of antibiotics was Penicilin. In 1944, more than 90% S. aureus strains become resistant by destroying the 

penicillin by penicillinase 
[5]

.
 
To treat penicillin resistant S. aureus, methicillin (semi synthetic penicillin) was 
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used, but in 1962, S. aureus has also developed resistance against methicilin. Methicillin resistant S. 

aureus (MRSA) is mediated by the presence of PBP-2a which is expressed by an exogenous gene, mecA [6]. 

Methicillin-resistant Staphylococcus aureus (MRSA) had become a progressively more important human 

pathogen 
[7]

. 

In hospitals, methicillin resistant Staphylococcus aureus (MRSA) strains became a major problem due to its 

rapid emergence. MRSA strains were restricted to hospitals only as Health care associated MRSA (HA-MRSA). 

But now, these strains were also emerging in the community, known as Community acquired MRSA (CA-MRSA) 
[8]. It has become a major pathogen in the community, hospitals, long term care facilities and tertiary care 

hospitals. The reservoir of MRSA is infected and colonized patients, and its major mode of transmission from 

patient to patient is through contaminated hands of healthcare workers and also its transmission is related 

with a dermatological condition or sharing of closed livings 
[9]

.
 
On admission approximately half of the MRSA 

infections diagnosed in the hospital and patients were not recognized as being colonized and attained 

colonization or infection directly or indirectly from patients. 

Staphylococcus aureus is an adaptable bacterium that has an ability to attain antibiotic resistance. In 1960’s, 

methicillin was recognized as the most recommendable agent for routine susceptibility testing, but now it is 

not used in treatment of MRSA [8]. Therefore, resistant strains are termed as ‘methicillin-resistant S. aureus’ 

(MRSA). Later oxacillin as an alternative to methicillin was used in susceptibility tests for detection of MRSA.  

Recently, Cefoxitin has been investigated as an alternative agent for detection of MRSA by disc diffusion 

method and all studies indicated that tests with Cefoxitin are more reliable than those with oxacillin as 

cefoxitin is an inducer of mecA gene [10]. Cefoxitin is a bactericidal agent that acts by inhibition of bacterial cell 

wall synthesis. It has activity in the presence of some beta-lactamases, both penicillinases and 

cephalosporinases, of Gram-negative and Gram-positive bacteria [11].  

 

Structure of Cefoxitin 

Mechanisms of antibiotic resistance in Staphylococcus aureus[12] are enzymatic inactivation of the antibiotic 

(penicillinase and aminoglycoside-modification enzymes), alteration of the target with decreased affinity for 

the antibiotic (notable examples being penicillin-binding protein 2a of methicillin-resistant S. aureus), trapping 

of the antibiotic (for vancomycin and possibly daptomycin), efflux pumps (fluoroquinolones and tetracycline). 

MRSA isolates in the hospitals and communities have been recognized as a major challenge. Therefore, the 

knowledge of prevalence of MRSA and their current antimicrobial profile become important in the selection of 

appropriate treatment of such infections. The present study is to determine the prevalence of MRSA in nasal 

swab samples from HCWs and healthy individuals in a tertiary care hospital. 

MATERIALS AND METHODS 

Study Area 

The study was carried out in the microbiology laboratory of Tertiary care hospital, New Delhi, India. The nasal 

swabs were collected from healthy individual of both sexes and all age groups working in the hospital and 

people accompanying the patients in the outpatient department. The duration of the study was for three 

months from April 2014 to June 2014. 

Sample Collection 
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Sterile cotton wool swabs moistened with sterile normal saline were used to collect the specimen from the 

anterior nares. The swabs were rubbed very well by rotating 5 times over the inner wall of the nasal septum. 

The swabs were kept in sterile test tubes, labeled it and transported to laboratory within an hour of its 

collection. 

Culture and identification 

Swabs were inoculated on to blood agar within one hour of collection and were incubated in 5% CO2 at 37°C 

for 24hrs. After 24 hrs incubation, identification of cultured isolates was done according to the standard 

protocol. Colony morphology, hemolytic pattern, gram reaction and microscopic features were used as 

primary identification criteria for Gram positive coccus (Picture 1-2). Then, catalase and coagulase test was 

performed using slide test method for further identification [13]. 

Catalase test:  

This is performed to differentiate between genus Staphylococcus and Streptococcus: Place a drop of H2O2 on a 

clean glass slide.  

Take a small portion of test organism using a sterile wooden stick or plastic loop and mix with the drop of 

H2O2. Observe for immediate bubbling (gas production). If active bubbling is seen it is catalase +ve and 

confirms that the test organism is staphylococcus. While Streptococcus is catalase –ve.  

Slide Coagulase test:  

This test is done to detect bound coagulase: Place a drop of normal saline on a clean slide. Take few isolated 

colony from the plate and mix it. Add one drop of plasma onto the slide. Mix well and look for clumping within 

10-15 seconds.  

Tube Coagulase test: 

This test was done to confirm the organism as S. aureus which gave a positive result on slide coagulase test.  

Firstly, prepare a one-in-six dilution of the plasma in normal saline (0.85% NaCl) Place 1 ml of 1:6 dilutions in 3 

small test tubes (positive control, negative control and test sample). Also, a tube of unseeded diluted plasma 

was kept to confirm that plasma did not clot spontaneously. Inoculate S. aureus strain in positive control, 

sample in test sample tube and only diluted plasma as negative control. The tubes are incubated at 37 0C in a 

water bath for 4 hours. The tubes are examined after 1, 2 and 4 hours for clot formation by tilting them 

through 900.  The strains positive for tube coagulase test is observed and negative is left for overnight at room 

temperature and re-examined. The tubes which give positive result after overnight incubation is also labeled 

as coagulase positive. Those isolates tested coagulase positive both by slide and tube were taken as S. aureus. 

Detection of MRSA by disc diffusion method  

Colonies confirmed to be S. aureus were suspended in peptone water at 37oC until matching with a standard 

turbidity (0.5 MacFarland). The suspension was used to inoculate a Mueller-Hinton agar (MHA). A Cefoxitin 

discs (30 μg) was placed on the plates and the plates were incubated for 24 hours at 37°C. Colonies with an 

inhibition zone of under 22mm for cefoxitin were read as “methicillin” resistant (Picture 3-4). In this study 

Staphylococcus aureus ATCC 25923 was used as control. This test was performed as per CLSI guidelines [14]. 

RESULTS 

Out of 60 nasal swab samples, 25/60 (41.66%) were S. aureus and among which 19/60 (31.66%) MRSA strains 

were isolated.  

In males and females, 33 and 27 nasal swabs were collected, respectively. Out of which in males 

13/33(39.39%) were found to be S. aureus and 10/33(30.30%) isolates were MRSA and in females 

12/27(44.44%) were found to be S. aureus and out of which 9/27(33.33%) isolates were MRSA. (Table 1) 

(Figure 1). 

On the basis of age groups, out of 25 S. aureus isolates, 1 MRSA (14.28%) was isolated under the age group of 

(1-20 yrs), from (21-40 yrs) age group 17 MRSA(40.47%) were isolated, and from (41-60 yrs) age group 1 MRSA 

was isolated.(Table 2)(Figure 2) 
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The nasal carriage of MRSA in health care workers were 32.65% (16/49) and in persons accompanying OPD 

patients 27.27% (3/11).(Table 3)(Figure 3) 

MRSA carriage was high among nurses (3/4; 75%) followed by house man (2/4; 50%), trainee (3/10; 30%), lab 

technicians (2/7; 28.57%), attendants (5/19; 26.31%), and doctors (1/5; 20%). As shown in Table 4, Figure 4. 

 

 

Figure1-2:  Bacterial culture (S. aureus) on blood agar plate and its microscopic view. 
  

 
 

Figure 3-4: Detection of MRSA and MSSA by Kirby- Bauer Disc Diffusion method 

 

Table 1- Number and Percentage of MRSA and MSSA isolates present in Males and Females 

Sex No. of nasal swab 

samples 

No. of  

S.aureus 

isolates 

No. of MRSA 

isolates 

% MRSA 

isolates  

No. of MSSA 

isolates 

% MSSA 

isolates 

Male  33 13 10 30.30 03 9.09 

Female 27 12 09 33.33 03 11.11 

 

Table 2- Number and Percentage of MRSA and MSSA isolates in different age groups 

AGE GROUPS (in yrs) MRSA isolates MSSA isolates 

No. % No. % 

1-20 01/07 14.28 02/07 28.57 

21-40 17/42 40.47 02/42 4.76 

41-60 01/11 9.09 02/11 18.18 
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Table 3: Number and Percentage of MRSA and MSSA isolated from Health care workers and Persons 

accompanying OPD patients 

 Health care workers Persons accompanying OPD 

patients 

Total Number 

No. of  Nasal Swab Samples 49(81.66%) 11(18.33%) 60 

No. of MRSA 16(32.65%) 03(27.27%) 19(31.66%) 

No. of MSSA 05(10.20%) 01(9.09%) 07(11.66%) 

 

Table 4- Distribution of S. aureusand MRSA isolates among health care workers 

Profession No. of nasal samples S. aureus isolates MRSA isolates MSSA isolates 

Doctors 05 02 01(20%) 01(20%) 

Attendants 19 05 05(26.31%) 00 

Lab. Technicians 07 03 02(28.57%) 01(14.28%) 

Trainee 10 04 03(30%) 01(10%) 

House man 04 03 02(50%) 01(25%) 

Nurses 04 04 03(75%) 01(25%) 

Table 5-Detail of OUTDOOR- Persons accompanying patients in Hospial Area; INDOOR- Working staff in 
Hospital or in Laboratories. 

S.no. Names of 
healthy persons 

Age Sex 
M/F 

Indoor/ 
Outdoor 

Colonies 
observed 

Gram 
Staining 

Catalase 
Test 

Coagulase 
Test 

Drug Sensitivity 

Cefoxitin  (Cx) 
30µg 

N1. Sushil Sharma  45 M Outdoor Small whitish 
colonies 

GPC +ve -ve  

N2. Ansh 17 M Outdoor  Small 
colonies 

GPC +ve +ve 24mm 

N3. Ajit 22 M Outdoor  Small 
colonies 

GPC +ve -ve  

N4. Anubhav 22 M Indoor 
Trainee) 

Small 
colonies 

GPC +ve -ve  

N5. Rohit 22 M Indoor 
(HCW) 

Whitish 
colony 

GPC +ve -ve  

N6.  Bhumi 19 F Outdoor  Whitish 
colonies 

GPC +ve -ve  

N7. Surajbhan 21 M Indoor 
(Trainee) 

Small 
colonies 

GPC +ve -ve  

N8.  Ruchi 30 F Indoor 
(Cleaner) 

Small 
colonies 

GPC +ve -ve  

N9. Shahzad 25 M Indoor 
(Lab 
attendant) 

Grey 
colonies 

GPC +ve -ve  

N10. Nitin 22 M Indoor 
(Lab 
attendant) 

Small 
colonies 

GPC +ve -ve  

N11. Malik 27 M Indoor 
(Lab 
attendant) 

Small 
colonies 

GPC +ve -ve  

N12. Chetan 21 M Indoor 
(Trainee) 

Whitish 
colonies 

GPC +ve -ve  

N13. Asha 34 F Indoor 
(Cleaner) 

Brown 
colony 

GPC +ve +ve 17mm 
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N14. Nikki 20 F Indoor 
(Trainee) 

Small 
colonies 

GPC +ve -ve  

N15. Sunil kumar 42 M Indoor 
(HCW) 

Small 
colonies 

GPC +ve -ve  

N16. Vipin 30 M Indoor 
(HCW) 

Small 
colonies 

GPC  +ve +ve 16mm 

N17. Lokesh 35 M Indoor 
(HCW) 

Small 
colonies 

 GPC +ve -ve  

N18. Rekha 20 F Indoor 
(Trainee) 

Small whitish 
colonies 

GPC +ve -ve  

N19. Sintheles 45 F Outdoor Small colony GPC +ve -ve  
N20. Khurshid 35 F Outdoor  Grey colony GPC +ve -ve  
N21. Santosh 27 M Indoor 

(HCW) 
Small 
colonies 

GPC +ve -ve  

N22. Geeta 42 F Indoor 
(HCW) 

Small 
colonies 

GPC +ve -ve  

N23. Dr. Sangeeta 49 F Indoor 
(Doctor) 

Whitish 
colonies 

GPC +ve -ve  

N24. Manojsingal 38 M Indoor 
(HCW) 

Small whitish 
colony 

GPC +ve -ve  

N25. Snehlata 23 F Indoor 
(Trainee) 

Small whitish 
colony 

GPC +ve -ve  

N26. Yogesh 30 M Indoor 
(HCW) 

Small 
colonies 

GPC +ve -ve  

N27. Krishnavtar 34 M Indoor 
(HCW) 

Small brown 
colonies 

GPC +ve +ve 14mm 

N28. Satish 30 M Indoor 
(Lab 
technician) 

Small 
colonies 

GPC +ve +ve 12mm 

N29. Kapil 29 M Indoor 
(Lab 
technician) 

Small whitish 
colonies 

GPC +ve -ve  

N30. Rajkumar 30 M  Indoor 
(Lab 
attendant) 

Small brown 
colony 

GPC +ve +ve 18mm 

N31. Pawan 24 M Indoor 
(Lab 
attendant) 

Small 
colonies 

GPC +ve +ve 18mm 

N32. Sudha 40 F Indoor 
(Cleaner) 

Small 
colonies 

GPC +ve +ve 16mm 

N33. Dhruv 32 M Indoor 
(Cleaner) 

Small whitish 
colonies 

GPC +ve +ve 24mm 

N34. Lovely 21 F Indoor 
(Trainee) 

Brown 
coloured 
colony 

GPC +ve +ve 12mm 

N35. Dr. Renu 40 F Indoor 
(Doctor) 

Small sized 
colonies 

GPC +ve +ve 10mm 

N36. Dr. Mausami 35 F Indoor 
(Doctor) 

Small 
colonies 

GPC +ve +ve 30mm 

N37. Dhirender 23 M Indoor 
(Trainee) 

Small colony GPC +ve +ve 12mm 

N38. Urmilla 26 F Indoor 
(Nurse) 

Grey 
colonies 

GPC +ve +ve 15mm 

N39. Rajni 25 F Indoor 
(Nurse) 

Small 
colonies 

GPC +ve +ve 14mm 
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N40. Pushparaj 50 F Indoor 
(Nurse) 

Small 
colonies 

GPC +ve +ve 22mm 

N41. Pooja 19 F Indoor 
(Trainee) 

Small whitish 
colony 

GPC +ve +ve 24mm 

N42. Vivek 42 M Indoor 
(Lab 
technician) 

Small 
colonies 

GPC +ve +ve 22mm 

N43. Prakash 30 M Outdoor Small 
colonies 

GPC +ve +ve 15mm 

N44. Neeraj 21 M Indoor 
(HCW) 

Small 
colonies 

GPC +ve +ve 13mm 

N45. Himanshu 19 M Outdoor Small 
colonies 

GPC +ve +ve 17mm 

N46. Sapna 27 F Indoor 
(Lab 
technician) 

Small 
colonies 

GPC +ve +ve 10mm 

N47. Preeti 34 F Indoor 
(Nurse) 

Small whitish 
colony 

GPC +ve +ve No zone 

N48. Mohini 21 F Indoor 
(Trainee) 

Small whitish 
colonies 

GPC +ve +ve 12mm 

N49. Manish 22 M Indoor 
(Lab 
technician) 

Small sized 
colonies 
 

GPC +ve -ve  

N50. Nupur 26 F Indoor 
(Lab 
technician) 

Small 
colonies 
 

GPC +ve -ve  

N51. Meena 35 F Outdoor Small 
colonies 

GPC +ve -ve  

N52. Sushil 56 M Outdoor Brown 
colonies 

GPC +ve +ve 16mm 

N53. Harshgil 45 F Outdoor  Small 
colonies 

GPC +ve -ve  

N54. Dr. Priyanka 23 F  Indoor 
(Doctor) 

Small sized 
colony 

GPC +ve -ve  

N55. Sandhya 33 F Indoor 
(HCW) 

Whitish 
colony 

GPC +ve -ve  

N56. Dr. Rajeev 50 M Indoor 
(Doctor) 

Small 
colonies 

GPC +ve -ve  

N57. Rajkumari 42 F Indoor 
(HCW) 

Grey colony GPC +ve -ve  

N58. Bitoo 23 M Indoor 
(HCW) 

Small 
colonies 

GPC +ve -ve  

N59. Vicky 20 M Indoor 
(HCW) 

Small sized 
colony 

GPC +ve -ve  

N60. Aditya 24 M Indoor (lab 
technician) 

Small 
brownish 
colonies 

GPC +ve -ve  
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Graph1: Prevalence of MRSA and MSSA in males and females. 

 

 
Graph2: Prevalence of MRSA and MSSA in Healthy persons under different age groups. 

 

 
Graph3: Prevalence of MRSA and MSSA among Health care workers and Persons accompanying OPD 

patients 
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Graph4: Chart depicting the percentage of health care workers having MRSA colonization in their nasal 

swabs. 

 

DISCUSSION 

In healthy individuals, Staphylococcus aureus is a 

colonizer in the anterior nares. Most invasive 

infections are assumed to be originated from nasal 

carriage. Hence, it is necessary that nasal carriage of 

S. aureus strains should be prevented. People, those 

are in hospitals or long term care settings, have more 

chances of getting  infected by MRSA, and now it is 

spreading from hospital to the community at a large 

scale. 

According to present study, out of 60 nasal swab 

samples, 31.66% MRSA was detected which is 

showing similar result with the study done in a 

tertiary referral hospital in eastern Uttar Pradesh i.e., 

54.8% and another study from north India reported 

46% prevalence rate of MRSA
[15, 16]

. According to this 

study, prevalence rate of MRSA in males and females 

was found to be 30.30%and 33.33%, respectively. In 

contrast, another study done in South India reported 

12.4% MRSA in male and 2.4% in females [17]. 

According to this study, prevalence rate of MRSA in 

health care workers was found 32.65%, whereas a 

study conducted in Sikkim reported 20.92% 

prevalence rate of MRSA in nasal samples from 

different categories of health care workers 
[18]

. 

Another study was conducted in Moradabad, Uttar 

Pradesh, out of 110 nasal swabs from healthcare 

personnel of tertiary hospital, 36.84% were MRSA 

carriage in the healthcare personnel 
[19]

. 

Anand et al. [20] have shown the comparison of 

cefoxitin disc diffusion test, oxacillin screen agar, and 

PCR for mecA gene for detection of MRSA. Cefoxitin 

was superior to oxacillin disc for detection of 

methicillin resistance. Rasheed et al. [21] also 

concluded that the cefoxitin disc diffusion tests can 

be a suitable alternative to PCR for detection of 

MRSA. 

Some studies reported that vancomycin and 

mupirocin have shown 100% sensitivity against 

MRSA, so these drugs can be used for the treatment 

of MRSA infections 
[15, 22]

. 

 

CONCLUSION 

The present study found the percentage of MRSA 

prevalence is quite high in health care workers and 

healthy individuals. Prevalence of MRSA is found 

more in females than males. As the collected nasal 

samples were from a tertiary care hospital, MRSA 

carriage is seen more among the hospital care 

workers, particularly in nurses. In any medical 

facility, nurses are the one who are in immediate 

contact with many patients. It means that the health 

care workers should follow strict infection control 

practices while coming in contact with patients and 

also with relatives and visitors to the hospital. 

Therefore, healthcare workers should be provided 

with hand hygiene practices, contact precautions, 

identifying previously colonized patients. As well as, 

continuous monitoring of antibiotic susceptibility 

pattern should be done as irrational antibiotic 

prescription causes high prevalence of MRSA in 

Doctors

Attendants

Lab Technician

Trainee

House man

Nurses
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hospitals/community. In order to reduce the MRSA, 

it is necessary to formulate awareness and 

educational programs/policies especially in hospitals 

so that MRSA related infections can be controlled. 

 

REFERENCES 
1. Graham P.L., Lin S.X., Larson E.L., A U.S. population-

based survey of Staphylococcus aureus colonization. 

Annals of Internal Medicine, 144: 318–325, (2006). 

2. Kejela T., Bacha K., Prevalence and Antibiotic 

susceptibility pattern of Methicillin- Resistant 

Staphylococcus aureus (MRSA) among primary 

school children and prisoners in Jimma Town, 

Southwest Ethopia. Annals of Clinical Microbiology 

and Antimicrobials, 12:11, (2013). 

3. Bannerman T.L., Staphylococci, Micrococcus and 

other catalase-positive cocci that grow aerobically. 

In: Murray PR, Baron EJ, Jorgensen JM (eds). Manual 

of Clinical Microbiology. Washington: American 

Society for Microbiology Press, 8: 384–404, (2003). 

4. Coltman K., Urinary tract infections. New thoughts 

on an old subject. The Practitioner, 223: 351-355, 

(1981). 

5. Chakraborty S.P., KarMahapatra S., Bal M. and Roy 

S., Isolation and Identification of Vancomycin 

Resistant Staphylococcus aureus from Post- 

Operative Pus Sample.  Al Ameen Journal of Medical 

Sciences, 4 (2):152 -168, (2011).  

6. Hiramatsu K., Vancomycin-resistance Staphylococcus 

aureus: a new model of antibiotic resistance. Lancet 

Infectious Diseases, 1: 147–155, (2001). 

7. Jevons M.P., Celbenin resistant staphylococci. British 

Medical Journal, 1(5219): 124-125, (1961). 

8. Rao T.V., Babin D., Detection of MRSA in Medical 

and Nursing Students Not Exposed to Patient Care 

Environment. Global journal for research analysis, 

2(8): 157-158, (2013). 

9. Thompson R.L., Cabezudo I., Wenzel R.P., 

Epidemiology of nosocomial infections caused by 

methicillin-resistant Staphylococcus aureus. Annals 

of Internal Medicine, 97: 309-317, (1982). 

10. Cauwelier B., Gordts B., Descheemaecker P., Van 

Landuyt H., Evaluation of a disk diffusion method 

with cefoxitin (30 µg) for detection of methicillin-

resistant Staphylococcus aureus. European Journal of 

Clinical Microbiology & Infectious Diseases, 23: 389–

92, (2004). 

11. Phillips I. and Shannon K., Importance of beta-

lactamase induction. European Journal of Clinical 

Microbiology and Infectious Diseases, 12 (1): 19–26, 

(1993). 

12. Pantosti A., Sanchini A., Monaco M., Mechanisms of 

antibiotic resistance in Staphylococcus aureus. 

Future Microbiology, 2(3):323-334, (2007). 

13. Collee J.G., Fraser A.G., Marmion B.P., Simmons A., 

Mackie & McCartney Practical Medical Microbiology. 

Edinburgh: Churchill Livingstone, 14: 793-812, 

(1996). 

14. CLSI, Performance Standards for Antimicrobial 

Susceptibility Testing; twentieth informational 

Supplement. CLSI document M100-S20 Wayne PA: 

Clinical and Laboratory Standards Institute, (2010). 

15. Anupurba S., Sen M.R., Nath G., Sharma B.M., Gulati 

A.K., Mohapatra T.M., Prevalence of methicillin 

resistant Staphylococcus aureus in a tertiary referral 

hospital in eastern Uttar Pradesh. Indian Journal of 

Medical Microbiology, 21(1):49-51, (2003). 

16. Arora S., Devi P. and Devi B., Prevalence of 

Methicillin-resistant Staphylococcus aureus (MRSA) 

in a Tertiary Care Hospital in Northern India. Journal 

of Laboratory Physicians, 2(2): 78-81, (2010). 

17. Mathanraj S., Sujatha S., Sivasangeetha K., Parija 

S.C., Screening for methicillin-resistant 

Staphylococcus aureus carriers among patients and 

health care workers of a tertiary care hospital in 

South India. Indian Journal of Medical Microbiology, 

27(1): 62-64, (2009). 

18. Tsering D.C., Pal R., Kar S., Methicillin-

resistant Staphylococcus aureus: Prevalence and 

current susceptibility pattern of MRSA infection in a 

referral tertiary care teaching hospital of Sikkim. 

Journal of Global Infectious Diseases, 3(1): 9-13, 

(2011). 

19. Singh M.P., Sharma S.K., Shukla S., Pandit N., 

Prevalence rate and Antibiotic susceptibility test 

(AST) pattern of Methicillin resistant Staphylococcus 

aureus (MRSA) isolates from different clinical 

specimens of Teerthankar Mahaveer Hospital, 

Moradabad, India. International Journal of Current 

microbiology and Applied Sciences, 2(11): 307-314, 

(2013). 

20. Anand K.B., Agrawal P., Kumar S., Kapila K., 

Comparison of cefoxitin disc diffusion test, oxacillin 

screen agar, and PCR for mecA gene for detection of 

MRSA. Indian Journal of Medical Microbiology, 

27:27-29, (2009).  

21. Rasheed M.U., Ahmed Z., Phynotypic methods of 

greater accuracy to detect the mecA gene product 

for the recognition of MRSA in resource constraint 

settings. Asian Pacific Journal of Tropical Medicine, 

3(9): 741-744, (2010). 

22. Sandri A.M., Dalarosa M.G., Ruschel de Alcantara L., 

da Silva Elias L., Zavascki A.P., Reduction in Incidence 

of Nosocomial Methicillin-Resistant Staphylococcus 



          

 

 
International Journal of Pharmacy and Biological Sciences                                                      Kumud Bala* et al    

  

                                                                                                                                        www.ijpbs.com  or www.ijpbsonline.com 

ISSN: 2230-7605 (Online); ISSN: 2321-3272 (Print) 

Int J Pharm Biol Sci. 

 

17 

aureus (MRSA) Infection in an Intensive Care Unit: 

Role of treatment with Mupirocin Ointment and 

Chlorhexidine Baths for Nasal Carriers of MRSA. 

Infection Control and Hospital Epidemiology, 27(2): 

185-187, (2006).  

 

 

 

 

*Corresponding Author: 
Kumud Bala* 
Email: kumud.bala.singh@gmail.com 

mailto:kumud.bala.singh@gmail.com

