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INTRODUCTION:
Staphylococcus aureus, a major cause of hospital acquired infections, 
remains a problem in health care worldwide, causing a wide range of 
infections such as pneumonia and bacteraemia and their sequelae 
result in prolonged hospital stayed  and a signicant economic burden, 
especially in the case of methicillin-resistant S. aureus (MRSA).These 
strains show resistance to different variety of antibiotics, thus limiting 
the treatment options to very minimal agents such as vancomycin, 

1Teichoplannin and linezolid.  Carriage of MRSA in nose, axilla, 
perineum and hands of patients and health care personnel is an 
important risk factor for the spread of MRSA. Decolonization from the 
site of carriage is one of the modalities for prevention of MRSA 
infections in healthcare settings. The only approved antibiotic for 
decolonisation of MRSA and methicillin-susceptible S. aureus 
(MSSA) both in patients and healthcare personnel is mupirocin 

2(pseudomonic acid A). Mupirocin (pseudomonic acid A) derived from  
Pseudomonas fluorescens is an important topical antibiotic ointment 
for the nasal decolonization of MRSA in carriers. It acts by binding 
specically to the bacterial isoleucyl- tRNA synthetase (IRS) enzyme 
and inhibits its protein synthesis. Along with its use as a decolonising 
agent in health care personnel and patients, it has also been used for 

3treatment of staphylococcal skin and soft tissue infections.  However 
due to the  increased use of this antibiotic  outbreaks of MRSA 
resistant to mupirocin is increase, although the frequency of resistance 

4is still low.  

Traditionally, mupirocin susceptible strains are dened as those with a 
minimum inhibitory concentration (MIC) of ≤2 μg/ml while those 
having a MIC of ≥4 μg/ml were considered resistant, and for disk 
diffusion zone diameter of ≥14 mm with a 5-μg disc was considered as 

5susceptible while zones of ≤13 mm as resistant.  However, recently 
mupirocin-resistant strains are grouped into two distinct categories: 
low level (MuL) with MICs of 8–256 μg/ ml, and high level (MuH) 
with MICs ≥512 μg/ml, while mupirocin-sensitive isolates were those 

6with MIC of ≤4 μg/ ml.

MuL and MuH strains cannot be differentiated. However it can be 
performed by concomitant use of 5 μg and 200 μg mupirocin disks. 
MuH strains have been found to be associated with failure of 
mupirocin as a decolonising agent as well as for treatment of skin and 

7soft tissue infections.

Two types of resistance to mupirocin have been described, with high-
level and low-level mupirocin resistance being associated with the 
plasmid-mediated mupA gene and chromosomal point mutations, 
respectively. The high-level mupirocin resistance phenotype can be 
transferred by conjugation between different staphylococcal strains or 

8species.

Treatment with mupirocin is not likely to be effective in the presence of 
high-level mupirocin resistance and there is some evidence to suggest 

9that low-level resistance may also predict treatment failure.  
Decolonization regimens, including the eradication of MRSA carriage 
with topical antimicrobial and antiseptic agents, have been used 
variably in the clinical setting. Mupirocin has been the mainstay of 
decolonization therapy as it is the only topical antibiotic approved for 

10the eradication of MRSA nares colonization in the United States.  

However, decolonization with mupirocin remains controversial as 
eradication appears to be short-term, is not achieved in all patients, and 

11  does not consistently prevent subsequent infections. Some studies 
suggest that mupA gene which is known to encode for mupirocin 
resistance is transferred from Staphylococcus epidermidis to MRSA 
during mupirocin prophylaxis. It has been suggested that mupirocin 
resistant coagulase-negative Staphylococcus spp. (CoNS) might be an 
important source of the mupA determinant in MRSA. The increasing 
prevalence of transferable mupirocin resistance among CoNS species 
could be an important threat to the future use of mupirocin against 

12MRSA. 

It was therefore the intent of this study to identify independent 
predictors associated with mupirocin-resistant MRSA among the 
clinical isolates in our tertiary care hospital.

MATERIAL AND METHODS
This is 4 years retrospective study conducted in the Department of 
Microbiology at RIMS Imphal. Staphylococcus aureus isolates were 
recovered from clinical specimens from the patients admitted to  wards 
as well as  patients attending  OPD's of RIMS Hospital Imphal during 4 

st thyears  study periods from 1  October 2016 to 30  September 2020. 

Isolation and Identification 
All the clinical specimens except urine were inoculated onto Blood 
Agar and Mac Conkey agar media whereas urine samples were 
inoculated on Cysteine-lactose electrolyte decient (CLED) agar 

0media and incubated at 37 C aerobically.   The growth is  identied as 
Staphylococcus aureus  according to the standard laboratory operating 

13procedures.    

Detection of MRSA and High level mupirocin resistant
MRSA was detected by using cefoxitin 30microgram disc as per CLSI 
guideline (Clinical and Laboratory Standards Institute). Zone of 
inhibition  less than or equal to 21 was considered as resistant and 
reported as MRSA High level Mupirocin resistance testing was done 
by disc diffusion with disc concentration of 200μg. Zone diameter of > 
14 mm was taken as susceptible for mupirocin and isolates with zone 
diameters < 14 mm were considered to be high-level mupirocin 

14resistant strains.

Antimicrobial susceptibility testing of MRSA 
Antimicrobial susceptibility testing was done according to the CLSI 
standards by disc diffusion method for the following antibiotics: 
ciprooxacin (5 μg), clindamycin (2 μg), cotrimoxazole (1.25/23.75 
μg), doxycycline (30 μg), erythromycin (15 μg), gentamicin (10 μg), 
linezolid (30 μg), mupirocin (200 μg), penicillin (10 units), and 
vancomycin (30 μg). D zone test was done do determine inducible 
resistance to clindamycin. Vancomycin susceptibility was done by 

 14   agar dilution method.

RESULTS
A total of 562 non-duplicate Staphylococcus aureus were obtained  

stfrom various clinical samples during this 4 years  study period i.e 1  
thOctober 2016 to 30  September 2020. Out of 562 Staphylococcus 

aureus, 282 (50.2%) isolates were MSSA and 280 (49.8 %) isolates  
were MRSA.  Out of 280 isolates of MRSA 40 (14.1%) were high level 
mupirocin resistance ( Fig:2)
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Fig 1: Specimens  wise distribution  of Staphylococcus aureus and 
MRSA

Out of 562 Staphylococcus aureus  280 (49.8 %) isolates  were MRSA 
.MRSA were isolated in highest from samples of Supercial infection 
165 (29.3%) followed by Urine 60 (10.7%) and lower respiratory tract 
samples 46 (8.2%). Distribution of Staphylococcus aureus  and MRSA 
on the basis of source of specimens is listed in Fig 1.

Table 1: Description of different type of specimens

Fig 2: Prevalence of mupirocin resistance in MRSA strains: Out of 
280 MRSA, 40(14.1%) isolates were high level mupirocin 
resistants.

Table 2: Antimicrobial susceptibility profile of MRSA

Table 2 shows the antimicrobial susceptibility prole of MRSA in 
OPD and Ward isolates. In this study, it is observe that MRSA isolates 
in OPDs is more sensitive to various antibiotics than MRSA Isolates in 
wards. High level mupirocin  sensitivity in OPD and Ward isolates 
were 94.1% and 83% respectively. The following antibiotic sensitivity 
were ciprooxacin (27.7%), Clindamycin (63%), Erythromycin 
(16.9%), Linezolid (94.8%), Teicoplannin(87.4%) Tetracycline 
(79.4%), Co-trimoxazole(54%), Vancomycin (100%)

DISCUSSION:
Health care associated infection cause by MRSA is increasing in the 
past few years because of the improper hand hygiene and handling of 

MRSA carrier patients. Along with increase prevalence of MRSA 
mupirocin resistance also  increase  among staphylococci isolates  in 

15many parts of the world.

In this study, out of 562 Staphylococcus aureus  280(49.8%)  were 
MRSA which is comparable with the nding of  study conducted in 

16South India by  B. Madhumati et al   i.e.54% were MRSA and out of   
which 24% were mupirocin resistant and a similar study was 

17conducted in central India by Parul Chaturvedi et al  shows that 
mupirocin resistance among MRSA was 18.3%  but in this study 
prevalence were slightly lower  only 14.1% of MRSA shows 
mupirocin resistant. This may be due to decrease used of mupirocin 
ointment for treatment of skin and soft tissue infection and also for 
decolonization of MRSA in carriers among the health care workers  in 
our Hospital. In this study Antimicrobial susceptibility pattern shows 
that, MRSA isolate from OPDs are  more sensitive to different variety 
of antibiotics than MRSA isolates from ward and this nding is 

18consistent with most of the Indian study.

CONCLUSION:
This study has demonstrated a high prevalence of MRSA among the 
staphylococcus aureus isolates and mupirocin resistance among the 
MRSA is still low. therefore it is highly recommend to used mupirocin 
ointment for treatment of infection cause by MRSA and also for 
decolonization of MRSA in the nasal carrier among the health care 
workers. Furthermore  it is also recommended that routine testing of 
MRSA for high level mupirocin resistance be conducted at the earliest 
and assists in the control and spread of mupirocin-resistant MRSA.  
Infection control practices such as hand hygiene should be encourage 
as far as possible and antimicrobial stewardship programmes are also 
equally  important to address excessive or inappropriate antimicrobial 
usage. In case of mupirocin resistant strains of MRSA alternate agents 
to mupirocin must be considered as per sensitivity reports to prevent 
spread of resistant strains. Detection of MRSA in a healthcare worker 
usually leads to a 7-day chlorhexidine-based baths and topical 2% 
mupirocin ointment application along with absence or relocation from 
duty till two negative culture reports are documented. Hence, it would 
be advisable to screen all isolates obtained from nasal carriers with 
mupirocin  prior to start of therapy such that MuH strains may be 
treated with other alternatives like fusidic acid, neomycin etc.
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Specimens types

Blood Blood from Central and Peripheral catheter
Lower respiratory 
tract (LRT)

BAL, Sputum, Lung aspirate, Endotrachael 
aspirate (ETA) and Lung tissue

Supercial 
Infection

Skin and Soft Tissue, Pus/Exudate, Wound 
swab, Supercial Biopsy and Tissue

Deep infection Abscess aspirate, Pus aspirate, Deep Biopsy and 
Tissue

Sterile site Fluid from sterile space, Abdominal/Ascitic 
uid, pancreatic drain uid, pericardial uid, 
peritoneal uid and pleural uid.

Antibiotics MRSA 
(n=280)

MRSA (OPD) 
n=92

MRSA (ward) 
n=178

Ciprooxacin 77 (27.7%) 20 (22.2 %) 54 (30.6 %)
Clindamycin 177 (63.5%) 74 (81.3%) 97 (54.8%)
Erythromycin 47 (16.9%) 19 (21.1 %) 26 (14.5 %)

Linezolid 265 (94.8%) 88 (96.6%) 167 (94.2%)
Mupirocin high level 240 (85.9%) 86 (94.1%) 147 (83 %)

Teichoplannin 244 (87.4%) 84 (92%) 151(84.8%)
Tetracycline 221 (79.2%) 80 (87.6%) 134 (75.3%)

Co-trimethoprim 151 (54%) 57 (61.8%) 91 (51.5%)
Vancomycin 280 (100%) 92 (100%) 178 (100%)
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