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Abstract:

Introduction : Staphylococcus aureus is an important
cause of a variety of infections, ranging from skin and
soft tissue infections to serious, life-threatening
bloodstream infections. Methicillin ~ Resistant
Staphylococcus aureus (MRSA) is involved in serious
infections as well as nosocomial outbreaks. Mupirocin
is drug used for decolonization of the carrier state as
well as for topical treatment of MRSA infections.
Nowadays, mupirocin resistance is increasing due to
inappropriate usage. In the present study, we have
demonstrated mupirocin resistance by simultaneous use
of mupirocin discs with concentrations of 5 g and 200
kg in S. aureus clinical isolates. Material and Methods:
A prospective study for a period of six months was
conducted in a tertiary care teaching hospital in
Sawarde, Ratnagiri. S. aureus isolates obtained from
993 clinical specimens were processed further as per
standard operating procedures in the Microbiology
Laboratory for mupirocin resistance and interpreted
with the help of Clinical and Laboratory Standards
Institute (CLSI) guidelines. Results: In 993 clinical
samples we got 100 isolates of S. aureus, 67% were
MRSA and 33% were MSSA (Methicillin Sensitive
Staphylococcus aureus). The maximum number of
MRSA isolates were recovered from pus 32 (47.76%),
followed by wound swab 17 (25.37%) and blood 9
(13.43%). Among 12 mupirocin-resistant MRSA
isolates, 7 (10.44%) exhibited low-level resistance to
mupirocin, and 5 (7.46%) isolates were found to be
high-level mupirocin-resistant. In MSSA strains, no
mupirocin resistance was observed. Conclusion: The
use of topical ointment mupirocin is an effective
modality for destroying MRSA in carriers.
Differentiating between the two types of resistance in
mupirocin (MuL and MuH i.e. Mupirocin Low Level
Resistance and Mupirocin High Level Resistance) has a
notable therapeutic impact. Due to the alarming rise in

antimicrobial resistance, hospital laboratories should
detect the susceptibility of S. aureus isolates to the drug
mupirocin.
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Introduction:

Staphylococcus aureus is one of the most commonly
isolated gram-positive bacterial pathogens from
community acquired and nosocomial infections. It is an
important cause of the wide range of infections ranging
from skin and soft tissue infections, pneumonia and
osteomyelitis to severe bloodstream infections.p
Methicillin resistant S. aureus (MRSA) is implicated in
serious infections and nosocomial outbreaks. These
strains show resistance to a wide range of antibiotics,
thus limiting the treatment options to very few agents
such as glycopeptides and linezolid. MRSA carriage in
the nose, axilla, perineum and hands of patients and
health care personnel is an important risk factor for
MRSA acquisition and spread of infection to patient. [z
Decolonization from the site of carriage is one of the
modalities for prevention of MRSA infections in
healthcare settings. (3 Mupirocin, also known as
Pseudomonic acid A, is the drug of choice to eradicate
MRSA colonization which acts by inhibiting protein
synthesis. It can be effectively used as topical
antimicrobial to treat colonization with MRSA as well as
MSSA (Methicillin sensitive Staphylococcus aureus).
Along with its’ use as a decolonising agent, it has also
been used for treatment of skin and soft tissue infections.
Irrational usage along with excessive accessibility has
led to the resistance of this drug which causes incomplete
decolonization of S. aureus and facilitates the spread of
infection. Resistance to mupirocin can be detected by
various methods viz. disc diffusion, Etest and
polymerase chain reaction (PCR) etc. Initial screening of
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resistance is done by disc with 5 pg concentration of the
drug.ry Simultaneous use of mupirocin discs with
concentration of 5 pg and 200 pg is recommended to
differentiate  between low-level and high-level
mupirocin resistant strains of S. aureus. [1.41 With this
background, we have evaluated the susceptibility to
mupirocin exerted by clinical isolates of S. aureus from
various samples. The primary aim of this study was to
identify mupirocin resistance in Staphylococcus aureus
isolated from clinical

specimens. The other objective were, to calculate
prevalence of MRSA & MSSA from different clinical
specimens and to identify low-level and high-level
mupirocin resistance in isolated S. aureus organism.

Material and Methods:

This prospective study was conducted in the
Department of Microbiology at BKL Walawalkar Rural
Medical College, Sawarde, Ratnagiri, from July 2023 to
December 2023 for a period of 6 months.
Staphylococcus aureus isolates were recovered from a
total of 993 clinical specimens comprising pus, wound
swabs, tissue, respiratory secretions, aspirated fluids,
urine, and blood from out-patients and in-patients
admitted to various wards and intensive care units are
included in the study. All clinical isolates other than
Staphylococcus aureus were excluded from the study.

The samples were initially subjected to microscopic
observation and cultured on blood agar and MacConkey
agar. A total of 100 non-duplicate Staphylococcal
aureus isolates were identified using a Gram-positive
identification card, and antimicrobial susceptibility was
determined by the VITEK 2K automated system. All
the tests and quality assurance procedures were
performed and interpreted according to the standards set
by the Clinical and Laboratory Standards Institute
(CLSI). 51 Mupirocin resistance testing was determined
by Kirby Bauer disc diffusion method with disc
concentrations of Spg and 200ug (Hi-Media Mumbai).
The S. aureus isolates were lawned on Mueller-Hinton
agar plates with these discs applied to the agar plates
and incubated at 37°C overnight. The reading was noted
for zone diameters surrounding both discs. A zone
diameter of > 14 mm for both discs was taken as
susceptible to mupirocin. Whereas, isolates that showed
zone diameters < 14 mm with a 5ug disc but > 14 mm
with a 200ug disc were considered to be lowlevel
mupirocin-resistant strains. All isolates with zone
diameters < 14 mm for both Sug and 200ug discs were
considered to be high-level mupirocin-resistant strains.

Results:

Fig 1: High level & Low-level Mupirocin Resistance

Fig 3: High level resistance but low-level mupirocin
sensitive

Among the various samples processed during the study
period, only 100 isolates were identified as S. aureus.
Based on the cefoxitin susceptibility results, isolates
were categorised as MRSA (67%) and MSSA (33%). In
determining the sample-wise distribution, the majority of
MRSA were isolated from pus 32 (47.76%), followed by
wound swab 17 (25.37%) and blood 9 (13.43%). The
isolation of MSSA was also done in a similar way, with
pus 15 (45.45%) being the most common specimen,
followed by wound swab 7 (21.21%) and blood 4
(12.12%). Sputum, sterile body fluids and urine showed
the least isolation of S. aureus.

Table 1: Sample wise distribution of MRSA and MSSA
clinical isolates
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Sample Type MRSA, n (%) | MSSA, n (%)
Pus 32 (47.76) 15 (45.45)
Wound swab 17(25.37) 7(21.21)
Blood 9(13.43) 4(12.12)
Sputum 4 (5.97) 4(12.12)
Body fluid 3(4.47) 3(11)
Urine 2 (2.98) -
Total 67 (100) 33(100)
38
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All S. aureus isolates were screened for mupirocin
susceptibility. About 12 (17.91%) MRSA isolates
showed mupirocin resistance. Among these resistant
isolates, 7 (10.44%) MRSA isolates exhibited low-level
resistance to mupirocin, whereas 5 (7.46%) isolates
were found to be high-level mupirocin resistant. All
MSSA isolates obtained in the study were found to be
susceptible to mupirocin.

Table 2: Comparison of Mupirocin resistance in MRSA
and MSSA clinical isolates

S. Mupirocin Mupirocin| MuL MuH
aureus| sensitive| resistant | n (%) | n (%)
isolates| n (%) n (%)

MRSA 55 12 7 5
(82.08) (17.91) | (10.44) | (7.46)
MSSA | 33(100) 0 0 0

Mupirocin resistance was seen in MRSA isolates from
suppurative samples such as pus 5 (15.62%), followed
by wound swab 3 (17.64%). Among these isolates, 5
(8.16%) were found to be low-level mupirocin resistant
and 3 (6.12%) isolates were found to be highlevel
mupirocin resistant. Among the sputum sample, out of
4 isolates, 2 (50%) showed high-level mupirocin
resistance and none of them showed lowlevel mupirocin
resistance, whereas out of 3 MRSA isolated from body
fluids, only 1 isolate showed lowlevel mupirocin
resistance with no high-level resistance. The isolates
from urine samples failed to demonstrate any mupirocin
resistance.

Table 3: Distribution of low-level and high- level
Mupirocin resistance in MRSA isolates

Sample MRSAnN | Low level | High level
Type (%) mupirocin | mupirocin
resistantn | resistant n
(%) (%)
Pus 32 (47.76) | 3(9.37) 2 (6.25)
Wound 17(25.37) | 2(11.76) 1(5.88)
swab
Blood 9(13.43) 1(11.11) -
Sputum 4 (5.97) - 2 (50)
Body 3(4.47) 1(33.34) -
fluid
Urine 2 (2.98) - -
Total 67 (100) 7(10.44) 5 (7.46)
Discussion:

resistance. Considering sample-wise distribution, higher

Mupirocin is extensively used to control the colonisation
and infection caused by S. aureus in healthcare workers
as well as in patients. The first mupirocin-resistant S.
aureus isolate was reported from the UK in 1987, two
years after the introduction of mupirocin for treatment
purposes. The population of mupirocin-resistant MRSA
isolates started rising worldwide due to the absurd,
unregulated and longterm use of this drug.je] This study
highlights the importance of determining low-level and
high-level mupirocin resistance in S. aureus isolates
from clinical samples. In the current study, around 100
isolates of S. aureus were obtained during the study
period of 6 months. These
processed for mupirocin susceptibility testing, of which
67 (67%) and 33 (33%) were MRSA and MSSA
respectively. Perumal PG et al. showed 51 % & 49% of
MRSA & MSSA isolation in their study 7. Another
study by C. Senthilvadivu et al with 96 clinical isolated
of S. aureus, 76 (79%) were found to be MRSA and 20
(21%) isolates were found to be MSSA.js1 Majority of

the studies mention MRSA as a significant pathogen as
compared to MSSA. In our study, S. aureus (MRSA &
MSSA) was most commonly isolated from pus sample
(47%) followed by wound swab (24%) and blood (13%).
Sputum (8%) and urine (2%) were the least common
samples which showed isolation of S. aureus. A similar
study from Bhavana et al. showed S. aureus isolation
was most commonly from pus sample (70%) followed by
wound swab (18%) and blood (5%). The higher
percentage of isolation from pus may be higher number
of samples enrolled in the study. (g9 The study done by
Nada KK et. al. observed a lower percentage of S. aureus
isolates from deep wounds (13.5%), which is discordant
with the current study.rio In the present study, among
MRSA isolates, the percentage of high-level mupirocin
resistance was 7.46% and that of low-level mupirocin
resistance was 10.44%. The studies performed by Dardi
CK and Rudresh MS et. al. revealed that the percentage
of high-level mupirocin-resistant MRSA was 5.99% and
14.7%, respectively, whereas the percentage of low-level
mupirocin-resistant isolates was found to be 15.35% and
10.5%, respectively. 11, 121 Tiewsoh JBA and Dias M.
found that high-level mupirocin resistance among MRSA
isolates was 4.16%, which is closer to the present study.
131 In other studies conducted by Orrett FA and Vasquez
JE et. al., it was found that the percentage of lowlevel
and high-level mupirocin resistance was to the extent of
26% and 44%, 58% and 42%, respectively.fi4, 151The
variation in the percentage of resistance was attributed to
factors such as demographic conditions, local antibiotic
guidelines and the number of samples. In the present
study, among various samples, MRSA isolates from
sputum and body fluids chiefly exhibited mupirocin

isolates were further
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resistance. Considering sample-wise distribution, higher
percentages of mupirocin resistance were obtained from
sputum isolates (50%), followed by isolates from body
fluids (33.34%) and wound swabs (MuL 11.76% and
MuH 5.88%). A study by Dardi CK showed a higher
prevalence of mupirocin resistance (MuL and MuH)
was from pus (26.92% and 10.25%), followed by blood
(17.14% and 5.71%), sputum (15.38% and 6.15%),
miscellaneous (15.78% and 10.52%) and the lowest was
in urine (1.42% and 0%). piy B. Madhumati et al
identified higher prevalence of high-level mupirocin
resistance from blood isolates followed by pus (45%
and 36.3% respectively), low level mupirocin resistance
was maximally seen in the isolates from respiratory
secretions (46%).1161 The difference in mupirocin
resistance in clinical samples may be related to local
epidemiological factors such as prevalence of MRSA
isolation, use of mupirocin in the hospital and
community settings. Mupirocin is an ointment that is
effective in destroying MRSA in carriers. [ It is
accepted therapeutically for superficial skin and soft
tissue infections. It has been observed that using this
drug on a large scale in the community for this
objective is accelerating the development of resistance.
12,71 The application of mupirocin in the anterior nares of
MRSA carriers can lead to the presence of a low
concentration of this drug in the pharynx, which might
be responsible for the appearance of mupirocin-resistant
MRSA. Determining and differentiating between the
two types of resistance in mupirocin (MuL and MuH)
has a notable therapeutic impact. High-level mupirocin
resistance (MuH) prohibits its’ use as a treatment
option, whereas low-level mupirocin resistance (MuL)
can be dealt with a higher dosage of mupirocin. 12,71 The
threat of developing resistance seems to be more
prevalent among MRSA, which is frequently connected
with illicit use of the drug.n7nTherefore, laboratories in
healthcare settings should differentiate  between
susceptible and resistant S. aureus isolates. Also,
laboratories should detect the level of resistance to
mupirocin (MuL and MuH). 181 The “gold standard”
method for detection of mupirocin resistance is
minimum inhibitory concentration (MIC) determination
by the agar dilution method. 1297 In the present study, we

incorporated the disc diffusion method to determine low
and high-level mupirocin resistance. The study
performed by Malaviolle X et al. calculated the
sensitivity and specificity of this method by using 5 pg
and 200 pg mupirocin discs simultaneously. The
sensitivity and specificity of using 5 pg disc were 100%
and 98.1%, respectively, whereas those of 200 pg disc
were 100% and 92.3%, respectively, in their study.po
Hence, disc diffusion for susceptibility testing is an
inexpensive and easy method for repeated use.

The establishment of mupirocin resistance among MRSA
isolates is alarming, as mupirocin-resistant strains have
hardly any treatment alternatives. Though the use of
polysporin triple ointment has been made in practice,
research work related to its’ potency is lacking. If
antibiotics such as vancomycin and fusidic acid are used
in combination, it shows a favourable outcome in the
systemic infections caused by MRSA, but not as
monotherapy.211Hydrogen peroxide cream can be used
instead of mupirocin as a topical agent. 221 It is usual
practice to treat a healthcare worker with MRSA
colonisation by using chlorhexidine baths for a week,
topical 2% mupirocin ointment in the anterior nares and
discontinuation from routine hospital duty until two
culture reports obtained are negative. Hence, every
isolate recovered from nasal carriers must be screened
with mupirocin (with 5 pg discs and 200 pg discs
simultaneously) prior to any treatment so that high-level
mupirocin-resistant isolates can be managed with better
alternatives like fusidic acid, neomycin or even
retapamulin.;z1231 The rising incidence of mupirocin
resistance can be curtailed with some prompt action.
More research work is required to determine the potency
and incidental outcomes of mupirocin when used as a
preventive strategy. If a decision is made to make use of
mupirocin on a constant basis, a technique to record the
rate of resistance must be generated and implemented.
More details are essential to direct healthcare workers on
how to utilize these techniques to manage the use of
mupirocin for prevention as well as for treatment.
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