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INTRODUCTION
Methicillin-resistant Staphylococcus aureus (MRSA) is one of the most significant pathogens in healthcare settings. It is
responsible for a broad spectrum of infections ranging from skin and soft tissue infections to severe invasive diseases
such as bloodstream infections, pneumonia, and osteomyelitis [1]. MRSA is particularly concerning due to its resistance
to all B-lactam antibiotics and frequent multidrug resistance.
Efforts to reduce MRSA transmission often focus on decolonization, especially in patients with persistent nasal
colonization, a known risk factor for infection [2]. Mupirocin is a topical antibiotic derived from Pseudomonas
[fluorescens that inhibits isoleucyl-tRNA synthetase, preventing bacterial protein synthesis [1,3]. Its ability to eradicate S.
aureus from nasal mucosa has made it a key agent in MRSA control programs.
However, resistance to mupirocin is an emerging threat. Resistance occurs due to:

e  Low-level mupirocin resistance (MuL): MIC 8-256 pg/ml, caused by point mutations in the chromosomal ileS

gene [4].
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e High-level mupirocin resistance (MuH): MIC >512 pg/ml, usually plasmid-mediated via mupA or mupB genes
[5,6].

High-level resistance is especially problematic as it is associated with decolonization failure, prolonged carrier states, and
increased risk of transmission in hospitals [7,8]. Mupirocin resistance is linked to inappropriate use of over-the-counter
mupirocin ointments, widespread topical applications on wounds, and use beyond nasal carriage treatment [8§—10].
Globally, mupirocin resistance rates vary widely—from 1% to 50%—depending on regional usage patterns [7]. In India,
studies report a prevalence ranging from 4% to 15% [11-13].
Given the critical role mupirocin plays in infection control, especially in surgical and ICU settings, this study aims to
evaluate the prevalence of mupirocin resistance in MRSA isolates from a tertiary care hospital and characterize the
resistance phenotype.

OBJECTIVE

To determine the prevalence of low-level mupirocin resistance among Methicillin-Resistant Staphylococcus aureus
(MRSA) isolates from various clinical specimens and to analyze the association of mupirocin resistance with different
clinical sources and patient demographics in a tertiary care hospital setting.

MATERIALS AND METHODS

Study Design

This was a prospective cross-sectional study conducted over a 12-month period in the Department of Microbiology at a
tertiary care teaching hospital, after obtaining institutional ethics committee approval.

Sample Collection and Identification

Clinical samples were collected from inpatients and outpatients across various departments. A total of 114 MRSA isolates
were obtained from pus, blood, urine, sputum, vaginal swabs, and pleural fluids. All samples were processed by standard
microbiological protocols. S. aureus identification was based on colony morphology, Gram stain, catalase test, coagulase
test (slide and tube), DNase test, and mannitol fermentation [138].

MRSA Confirmation
Cefoxitin disc diffusion (30 pg) was used for MRSA detection. Isolates with a zone diameter <21 mm were interpreted as
MRSA based on CLSI guidelines [12].

Mupirocin Susceptibility Testing
Mupirocin resistance was tested using the Kirby-Bauer disc diffusion method with 5 pg mupirocin discs (HiMedia).
Mueller-Hinton agar plates were inoculated with 0.5 McFarland standard suspensions and incubated at 35°C for 24
hours.
Interpretation was as follows:

e  Sensitive: Zone >14 mm

e Resistant: Zone <13 mm

e High-level testing (200 pg disc or MIC) was not performed due to financial constraints.

Inclusion and Exclusion Criteria
Inclusion Criteria
e All non-duplicate clinical isolates of Staphylococcus aureus from patients during the study period.
e Isolates confirmed as methicillin-resistant Staphylococcus aureus (MRSA) by the cefoxitin disc diffusion
method.
e Isolates obtained from clinical specimens such as pus, blood, body fluids, and catheter tips.
e Patients of all ages and both sexes, from both inpatient and outpatient departments.

Exclusion Criteria
e  Duplicate isolates from the same patient.
e Isolates identified as methicillin-sensitive Staphylococcus aureus (MSSA).
e Contaminated cultures or non-viable growth.
e Environmental samples or screening swabs not related to clinical infection.

Data Interpretation
Mupirocin resistance data were analyzed by clinical specimen type and compared with previously published literature.

RESULTS
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Out of 304 S. aureus isolates, 114 (37.5%) were confirmed to be MRSA using the cefoxitin disc diffusion method.

Figure 1: Cefoxitin disc diffusion test for phenotypic detection of MRSA
e Demographic Profile of Patients:
Age Group (Years) No. of Patients = Percentage (%)

0-14 4 3.5%

15-29 18 15.7%
3044 30 26.3%
45-59 35 30.7%
>60 27 23.7%

Majority of MRSA cases (57%) occurred in adults aged 30-60 years, a group with higher ambulatory activity and
hospital interaction.
e Gender Distribution:
Gender = No. of Patients = Percentage (%)
Male 82 71.9%
Female @ 32 28.1%
MRSA infections were more common among males, similar to findings in other Indian and international studies.

e Sample-wise Distribution of MRSA Isolates
Clinical Sample Number (n) Percentage (%)

Wound/Exudate = 90 78.94%
Blood 14 12.28%
Urine 4 3.5%
Sputum 3 2.63%
Vaginal Swab 1 0.87%
Pleural Fluid 1 0.87%
Ascitic Fluid 1 0.87%

The majority of MRSA isolates (78.94%) were obtained from wound or pus samples, indicating skin and soft tissue as
the most common sites of MRSA infection. Blood was the second most common source (12.28%), followed by a few
isolates from urine, sputum, and body fluids.

e  MRSA Susceptibility to Alternative Antibiotics

Antibiotics Sensitive n (%) Resistant n (%)
Linezolid 114 (100%) 0 (0%)
Tigecycline 114 (100%) 0 (0%)
Quinupristin-dalfopristin = 107 (93.85%) 7 (6.14%)
Mupirocin* 108 (94.73%) 6 (5.26%)

Linezolid and tigecycline demonstrated 100% efficacy against all MRSA isolates, supporting their role as key alternative
agents. Quinupristin-dalfopristin showed good sensitivity (93.85%). Although mupirocin was not part of the primary
objective, it showed 94.73% sensitivity.
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Figure 1: Antibiotic sensitivity testing of alternate antibiotics for MRSA
A.Quinpristin-Dalfopristin B.Linezolid C.Tigecycline D.Mupirocin

e  Mupirocin Sensitivity among MRSA Isolates

Resistance Type Number of Isolates = Percentage (%0)
Sensitive 108 94.73%
Low-level resistance = 6 5.26%
High-level resistance = 0 0%

This table presents the overall sensitivity pattern of 114 MRSA isolates to mupirocin, tested using a 5 pg disc for low-
level resistance. Out of the total isolates, 108 (94.73%) were found to be sensitive to mupirocin, while 6 isolates (5.26%)
demonstrated low-level resistance. Importantly, no isolates exhibited high-level mupirocin resistance in this study. These
results suggest that mupirocin remains largely effective against MRSA isolates in the current setting. However, the
emergence of low-level resistance, though limited, highlights the need for prudent mupirocin use and continued
surveillance to prevent the development of high-level resistance and therapeutic failure.

e Distribution of Mupirocin Resistance by Clinical Sample

Sample Type @ Total MRSA @ Sensitive = Resistant 9% Resistance
Pus 90 86 4 4.4%

Blood 14 13 1 7.14%

Urine 4 4 0 0%

Sputum 3 2 1 33.3%
Vaginal Swab | 1 1 0 0%

Pleural Fluid 1 1 0 0%

This table provides a breakdown of mupirocin sensitivity among MRSA isolates according to the type of clinical sample
from which they were obtained. Among the 90 isolates from pus, 86 (95.6%) were sensitive while 4 (4.4%) were
resistant. Blood samples showed 1 resistant isolate out of 14 (7.14%), and sputum samples had 1 resistant strain out of 3
(33.3%). All isolates from urine, vaginal swab, pleural fluid, and ascitic fluid were fully sensitive to mupirocin (100%).

The highest resistance was observed in sputum samples proportionally, though the absolute number was small. These
findings suggest that mupirocin resistance is more common in isolates from wound-related specimens, likely due to
frequent topical application in these sites, reinforcing the need for rational antibiotic use in clinical practice.

e  Mupirocin Sensitivity of MRSA Isolates Based on Vancomycin MIC

Vancomycin MIC (ug/mL) = Mupirocin Sensitive n (%)

05 2 (100%)
1.0 84 (98.83%)
2.0 22 (100%)
16.0 (VRSA) 0 (0%)

Mupirocin Resistant n (%)
0 (0%)

1 (1.17%)

0 (0%)

5 (100%)

Among the MRSA isolates tested, mupirocin sensitivity showed a decreasing trend with increasing vancomycin MIC,

suggestive of potential cross-resistance or co-selection of resistance traits.

e At MIC 0.5 pg/mL (n = 2): All isolates (100%) were mupirocin-sensitive.
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e At MIC 1 pg/mL (n = 85): 84 isolates (98.83%) were mupirocin-sensitive, and 1 isolate (1.17%) showed
resistance.

e At MIC 2 pg/mL (n = 22): All 22 isolates (100%) retained mupirocin sensitivity.

e At MIC 16 pg/mL (VRSA, n = 5): All 5 isolates (100%) were resistant to mupirocin, indicating complete loss
of susceptibility in vancomycin-resistant strains.

DISCUSSION

This study identified low-level mupirocin resistance in 5.26% of MRSA isolates. All resistant isolates showed low-level
resistance; no high-level resistance was detected. This aligns with the findings of Parul et al. (2014), who reported 8.23%
low-level resistance [11]. The absence of high-level resistance corresponds with Oommen et al. (2010), who found 2%
high-level resistance only [13].

The highest number of resistant isolates were found in pus samples (4/6; 66.6%), followed by one each from blood and
sputum. Urine, vaginal swab, and pleural fluid isolates were fully sensitive to mupirocin. These findings echo Dardi et al.
(2014), who reported 15.35% resistance, with higher rates seen in wound samples [12].

Resistance is likely driven by irrational use of mupirocin, particularly in skin and wound care, beyond its primary role in
nasal decolonization. Hogue et al. (2010) emphasized that mupirocin overuse, especially in topical settings, increases the
risk of resistance [14].

Our findings support routine mupirocin sensitivity screening, especially in surgical and ICU settings, where mupirocin is
often used empirically. While resistance is still low, continuous monitoring is necessary to prevent emergence of high-
level resistance, which is associated with treatment failure, prolonged colonization, and outbreak potential [15].

Natural agents like tea tree oil, honey, bacteriophages, and novel compounds (e.g., Octenidine, Lysostaphin) are being
explored as alternative decolonization agents. Further studies are needed to evaluate their efficacy [13].

Implications:
e Clinical: Continued mupirocin effectiveness depends on limiting its usage to decolonization in carriers.
e Policy: High-risk units (ICUs, surgical wards) should have resistance surveillance built into infection control

programs.

o Research: There is a need for molecular screening of mupirocin resistance genes (mupA, mupB) in future
studies
CONCLUSION

Low-level mupirocin resistance was seen in a small but significant proportion (5.26%) of MRSA isolates. Most resistant
strains originated from pus, suggesting inappropriate topical use. There is a need for antimicrobial stewardship,
restricted mupirocin use, and regular screening to preserve its role in MRSA decolonization protocols.

REFERENCES

1. Casewell M, Hill R. In-vitro activity of mupirocin (_pseudomonic acid‘) against clinical isolates of
Staphylococcus aureus. J Antimicrob Chemother. 1985; 15(5):523-531.

2. 126. Huang SS, Platt R. Risk of methicillin-resistant Staphylococcus aureus infection after previous infection or
colonization. Clin Infect Dis. 2003; 36(3):281-5.

3. Capobianco JO, Doran CC, Goldman RC. Mechanism of mupirocin transport into sensitive and resistant
bacteria Antimicrob Agents Chemother. 1989; 33(2):156-63.

4. Moreira de Oliveira N, Cardozo A, Marques E, Netto dos Santos K, deMarval M. Interpretive criteria to
differentiate low- and high-level mupirocin resistance in Staphylococcus aureus. J Med Microbiol. 2007,
56(7):937-939.

5. Perez-Roth E, Lopez-Aguilar C, Alcoba-Florez J, Mendez-Alvarez S. High-Level Mupirocin Resistance within
Methicillin-Resistant Staphylococcus aureus Pandemic Lineages. Antimicrob Agents Chemother. 2006;
50(9):3207-3211.

6. Patel JB, Gorwitz RJ, Jernigan JA. Mupirocin resistance. Clin Infect Dis. 2009. 15; 49(6):935-41.

7. Walker ES, Vasquez JE, Dula R, Bullock H, Sarubbi FA. Mupirocin-resistant, methicillin-resistant
Staphylococcus aureus: does mupirocin remain effective? Infect Control Hosp Epidemiol. 2003; 24(5):342-6.

8. Vasquez JE, Walker ES, Franzus BW, Overbay BK, Reagan DR, Sarubbi FA. The epidemiology of mupirocin
resistance among methicillin-resistant Staphylococcus aureus at a Veterans Affairs hospital. Infect Control Hosp
Epidemiol 2000; 21:459-64.

9. Vivoni AM, Santos KR, de-Oliveira MP, et al. Mupirocin for controlling methicillin-resistant Staphylococcus
aureus: lessons from a decade of use at a university hospital. Infect Control Hosp Epidemiol 2005; 26:662—7.

The Journal Biomedical and Biopharmaceutical Research (e-issn:21822379]|p-
issn:21822360) is licensed under a Creative Commons Attribution 4.0
International License.

515



10.

11.

12.

13.

14,

15.

Walker ES, Levy F, Shorman M, David G, Abdalla J, Sarubbi FA. A decline in mupirocin resistance in
methicillin-resistant Staphylococcus aureus accompanied administrative control of prescriptions. J Clin
Microbiol 2004; 42:2792-5.

Chaturvedi P, Singh AK, Singh AK, Shukla S, Agarwal L. Prevalence of Mupirocin Resistant Staphylococcus
aureus Isolates Among Patients Admitted to a Tertiary Care Hospital. J Med Sci. 2014;6(8):403-407.

Dardi CK. Mupirocin resistance in clinical isolates of methicillin resistant Staphylococcus aureus from a tertiary
care rural Hospital. Int J advanced med health research.2014; 1(4): 52-56.

Oommen SK, Appalaraju B, Jinsha K. Mupirocin resistance in clinical isolates of Staphylococci in a tertiary
care centre in south India. Indian J Med Microbiol 2010; 28:372-5.

Hogue JS, Buttke P, Braun LE, Fairchok MP. Mupirocin resistance related to increasing mupirocin use in
clinical isolates of methicillinresistant Staphylococcus aureus in a pediatric population. J Clin Microbiol.
2010;48:2599-600

Hurdle JG, O Neill AJ, Mody L, Chopra I, Bradley SF. In vivo transfer of high-level mupirocin resistance from
Staphylococcus epidermidis to methicillin-resistant Staphylococcus aureus associated with failure of mupirocin
prophylaxis. J Antimicrob Chemother. 2005; 56:1166-8.

The Journal Biomedical and Biopharmaceutical Research (e-issn:21822379]|p-
issn:21822360) is licensed under a Creative Commons Attribution 4.0

International License.

516



