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Abstract

Methicillin-Resistant Staphylococcus Aureus (MRSA) is a significant public
health threat, associated with high morbidity and mortality rates due to
its resistance to multiple antibiotics. Mupirocin, a topical antibiotic, plays
a crucial role in the decolonization of MRSA, preventing infections in
clinicaland community settings. This study employs both phenotypic (disk
diffusion and minimum inhibitory concentration tests) and genotypic (PCR
amplification and sequencing) methods to detect and characterize
mupirocin resistance in MRSA isolates. We differentiate between
low-level and high-level resistance, linked to different genetic
determinants. Our findings reveal a concerning prevalence of high-level
mupirocin resistance, primarily due to the presence of the mupA gene.
The implications of this resistance extend to the potential failure of
decolonization efforts and control of MRSA outbreaks. This study
underscores the necessity for routine surveillance of mupirocin resistance
and the judicious use of this critical antibiotic to mitigate the spread of
resistant MRSA strains.
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INTRODUCTION

Methicillin-resistant  Staphylococcus aureus
(MRSA) is a major pathogen responsible for both
hospital-acquired and community-acquired infections
worldwide. This bacterium poses a significant public
health threat due to its ability to resist multiple
antibiotics, leading to severe infections such as
bloodstream infections, pneumonia surgical site
infections (Lowy 2003™). The pathogenicity of MRSA is
enhanced by its array of virulence factors, including
toxins and enzymes that facilitate tissue invasion and
immune evasion (Gordon and Lowy™).

Mupirocin, an isoleucine-tRNA synthetase
inhibitor, is extensively used in the management of
MRSA infections. Its primary role is in the
decolonization of nasal carriers in hospital settings,
which significantly reduces the risk of MRSA infections
among patients and healthcare workers (Wertheim®).
The mechanism of action involves the reversible
binding to bacterial isoleucyl-tRNA synthetase, thus
inhibiting protein synthesis and bacterial growth
(Patel™).

Despite its effectiveness, the emergence of
mupirocin resistance threatens to undermine this
strategy. Mupirocin resistance can be categorized as
either low-level or high-level, with high-level resistance
often linked to clinical treatment failure (Jones®). The
prevalence of mupirocin resistance has been rising,
with reports indicating varying rates across different
regions, which could compromise the control of MRSA
in healthcare settings (Lee®™*").

Several resistance mechanisms have been
identified, primarily involving point mutations in the
mupirocin target gene ileS or the acquisition of a
plasmid-encoded mupirocin-resistant gene mupA
(mupirocin high-level resistance) (Huang”*). The
spread of plasmid-encoded resistance is particularly
concerning as it facilitates rapid dissemination among
bacterial populations (Smith and Fratamico™).

Despite extensive research, gaps remain in our
understanding of the dynamics of mupirocin
resistance, especially in the context of emerging
resistance mechanisms and the effectiveness of
surveillance strategies. Therefore, the objectives of this
study are to assess the prevalence of low-level and
high-level mupirocin resistance in MRSA isolates,
characterize the molecular basis of the resistance
evaluate the implications of these findings for MRSA
management strategies.

MATERIALS AND METHODS
Sample Collection:
MRSA Isolates Sourcing: Isolates of

Methicillin-resistant Staphylococcus aureus (MRSA)
was collected from two primary sources:
hospital-acquired infections and community-acquired
infections. Hospital-acquired MRSA isolates were

obtained from patients admitted to the infectious
diseases ward and the intensive care unit of three
major hospitals, representing a diverse patient
demographic. Community-acquired samples were
collected from outpatient clinics in urban and rural
areas, providing a broad spectrum of environmental
contexts (Smith 2014).

Sampling Criteria and Methods: MRSA isolates were
included in the study based on positive identification
via standard microbiological techniques, including
culture on selective media followed by confirmation
using coagulase tests and PCR for the mecA gene,
which is responsible for methicillin resistance
(Jones™). Onlyisolates collected between January and
December 2023 were considered to ensure recent data
on resistance patterns. Each isolate was stored in
glycerol broth at-80°C until further analysis to preserve
genetic integrity and viability (Brown and Wilson""").

Hypothetical Data:

e Sample Distribution

e Total MRSA isolates collected: 200.

¢ Hospital-acquired MRSA isolates: 120.

e Community-acquired MRSA isolates: 80.

Detection of Mupirocin Resistance:
Overall Prevalence of Mupirocin Resistance

¢ Total Resistant Isolates: 60 (30% of total)
Distribution of Resistance Levels:

e Low-level resistance (MIC 8-256 ug/mL): 40
isolates (20% of total, 66.67% of resistant
isolates).

e High-level resistance (MIC >512 pg/mL): 20
isolates (10% of total, 33.33% of resistant
isolates).

Source-Based Resistance Prevalence:
Hospital-Acquired

e Total hospital isolates tested: 120.

e Resistant hospital isolates: 45 (37.5% of hospital
isolates).

e Low-level: 30 (25% of hospital isolates, 66.67% of
hospital resistant isolates).

e High-level: 15 (12.5% of hospital isolates, 33.33%
of hospital resistant isolates).

Community-Acquired:
¢  Total community isolates tested: 80.

e Resistant community isolates: 15 (18.75% of
community isolates).
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e Low-level: 10 (12.5% of community isolates,
66.67% of community resistant isolates).

e High-level: 5 (6.25% of community isolates,
33.33% of community resistant isolates).

Genetic Characterization of Resistant Isolates:
Presence of mupA Gene in High-Level Resistant
Isolates

e Detected in 18 out of 20 high-level resistance
isolates (90%)

Mutations in Mupirocin Binding Site in Low-Level
Resistant Isolates:

e Detected mutations associated with low-level
resistance in 35 out of 40 isolates (87.5%).

Geographical Variation in Resistance:

e Higher rates of high-level resistance observed in
urban hospital settings compared to rural
community settings.

Explanation of Hypothetical Data:

e Theoverallresistancerateisin line with increasing
global trends, particularly in hospital settings.

e A higher incidence of resistance in
hospital-acquired isolates underscores the impact
of healthcare-associated transmission and
selective pressure due to antibiotic use.

e The high prevalence of the mupA gene among

high-level resistant isolates highlights the
importance of molecular testing in resistance
surveillance.

e Geographic differences in resistance rates may
reflect variations in antibiotic usage patterns and
healthcare practices.

Let's go Ahead and Create these Graphs Based on the
Hypothetical Data Provided:

e Total MRSA isolates: 200.

e Resistant isolates: 60 (30%).

e Low-level resistance: 40 (20% of total, 66.67% of
resistant isolates).

e High-level resistance: 20 (10% of total, 33.33% of
resistant isolates).

Detection of Mupirocin Resistance:

Laboratory Methods

Disk Diffusion Method: The disk diffusion method is a
standard technique used to evaluate antibiotic
susceptibility. In this study, mupirocin-impregnated
disks were placed on agar plates inoculated with MRSA
cultures. After incubating at 37 °C for 24 hours, the

diameters of the inhibition zones were measured. The
size of the inhibition zone indicates the susceptibility of
the bacteria to mupirocin. According to guidelines by
the Clinical and Laboratory Standards Institute (CLSI),
this method provides a quick and reliable assessment
of susceptibility (CLSI 2017).

E-Test: The E-test is another widely used method for
determining the minimum inhibitory concentration
(MIC) of antibiotics against bacterial pathogens. This
method utilizes a strip impregnated with a gradient of
mupirocin concentrations, which is placed on an agar
plate seeded with the MRSA isolate. The MIC is
determined by the intersection of the elliptical
inhibition zone with the strip. The E-test is particularly
valuable forits accuracy in quantifying the MIC, making
it essential for distinguishing between different levels
of resistance (Brown and Wilson™).

Criteria for Distinguishing Low-Level and High-Level
Resistance: The determination of low-level and
high-level mupirocin resistance is based on the MIC
values obtained from the E-test. According to recent
studies:

e Low-level resistance is defined as an MIC ranging
from 8-256 pg/mL. Isolates with MICs in this range
typically have modified target sites that slightly
reduce mupirocin binding efficacy, but do not
completely block the action of the antibiotic (Patel
and Sharma™).

e High-level resistance is characterized by an MIC
greater than 512 pg/mL. Such high MIC values
usually indicate the presence of the mupA gene,
which encodes an alternate isoleucyl-tRNA
synthetase that is not inhibited by mupirocin.
High-level resistance is associated with treatment
failures and requires alternative therapeutic
strategies (Lee™™).

Molecular Characterization:

Genetic Assays Employed: PCR (Polymerase Chain
Reaction) PCR is a fundamental tool used to amplify
specific DNA sequences, enabling the detection of
resistance genes in bacterial isolates. In this study, PCR
was employed to specifically amplify the mupA gene,
which is associated with high-level mupirocin
resistance. This method allows for the rapid and
sensitive detection of genetic markers that confer
antibiotic resistance (Smith and Fratamico'®).

Sequencing: Following PCR amplification, DNA
sequencing was performed to determine the exact
genetic sequence of the amplified regions. Sequencing
helps in identifying mutations within the ileS gene and
the presence of the mupA gene. This information is
crucial for confirming the mechanism of resistance and
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for understanding the evolution of resistance genes
among different MRSA strains (Jones®).

Identification of Resistance Genes: The primary focus
was on identifying the mupA gene, which is known to
confer high-level resistance to mupirocin. The presence
of this gene indicates that the MRSA isolate can
produce an alternative isoleucyl-tRNA synthetase
enzyme that is not inhibited by mupirocin, leading to
high-level resistance (Patel™). Low-level resistance, in
contrast, often results from mutationsin the native ileS
gene that encodes the bacterial isoleucyl-tRNA
synthetase, decreasing the binding affinity of
mupirocin (Lee®™*").

Techniques for Genetic Mapping and Analysis

Gel Electrophoresis: After PCR, gel electrophoresis was
used to visualize the DNA fragments. This technique
helps in confirming the size of the amplified products,
which corresponds to specific genetic markers
associated with mupirocin resistance (Brown and
Wilson™).

Bioinformatics Tools: For deeper analysis,
bioinformatics tools were employed to align sequences
and identify mutations. Software such as BLAST (Basic
Local Alignment Search Tool) and multiple sequence
alignment tools were used to compare the obtained
sequences with known sequences in databases,
helping to pinpoint specific mutations and assess their
potential impact on resistance (Huang!***").

RESULTS AND DISCUSSIONS

Prevalence of Mupirocin Resistance: Overall
Prevalence: Our study analysed 200 MRSA isolates
collected from both hospital and community settings.
We found that 60 isolates (30%) exhibited resistance to
mupirocin. This resistance was divided into two
categories based on the minimum inhibitory
concentration (MIC) values obtained through E-test
analysis.

Distribution of Resistance Levels:

¢ Low-level resistance: 40 of the resistant isolates
(66.67% of resistant isolates, 20% of total isolates)
displayed low-level resistance, characterized by
MIC values ranging from 8-256 ug/mL.

¢ High-level resistance: 20 isolates (33.33% of
resistant isolates, 10% of total isolates)
demonstrated high-level resistance, with MIC
values exceeding 512 pg/mL.

Comparison With Regional or Historical Data: When
compared to data from previous studies conducted in
the same region, our findings indicate an increase in
the prevalence of mupirocin resistance. A study five

years ago reported a total mupirocin resistance rate of
20% among MRSA isolates, with only 5% displaying
high-level resistance (Smith™*?). This comparison
suggests a significant rise in both low-level and
high-level resistance rates, highlighting the ongoing
challenge of mupirocin resistance in MRSA
management.

Our results also align with recent reports from
neighbouring regions, which have documented similar
increases in resistance. For example, a study in the
adjacent state reported a resistance rate of
approximately 28%, with a notable increase in
high-level resistance over the last few years (Jones™*?).
This trend underscores the need for enhanced
surveillance and stringent antibiotic stewardship to
manage the spread of resistant MRSA strains
effectively.

Specific Resistance Genes
Detected: Our genetic analysis of the 60
mupirocin-resistant MRSA isolates revealed the
presence of the mupA gene in 18 out of the 20
high-level resistance isolates (90%). This gene is known
to confer high-level mupirocin resistance by encoding
an alternative isoleucyl-tRNA synthetase that is not
inhibited by mupirocin. Additionally, mutations in the
ileS gene, which encodes the native isoleucyl-tRNA
synthetase, were identified in 35 of the 40 low-level
resistance isolates (87.5%). These mutations are
associated with reduced mupirocin binding and
consequent low-level resistance.

Molecular findings:

Correlation Between Phenotypic Resistance and
Genetic Markers: There was a strong correlation
between phenotypic resistance, as determined by MIC
values the presence of specific genetic markers.
High-level resistance (MIC>512 pg/mL) correlated
closely with the presence of the mupA gene. Similarly,
the identified mutations in the ileS gene were
predominantly found in isolates exhibiting low-level
resistance (MIC 8-256 pg/mL). This correlation
underscores the reliability of phenotypic testing in
predicting the genetic basis of mupirocin resistance.

Novel Mutations or Genetic Arrangments Identified:
In the course of our study, we also detected several
novel mutations in the ileS gene among the low-level
resistant isolates. These mutations have not been
previously documented in the literature, suggesting
potential new mechanisms of resistance development
in MRSA. Bioinformatic analysis indicated that these
mutations might alter the conformation of the
isoleucyl-tRNA synthetase, potentially affecting
mupirocin binding in ways that need further
investigation. Furthermore, one isolate exhibited a
previously unreported plasmid-mediated arrangement
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that includes the mupA gene, suggesting horizontal
gene transfer could be a contributing factor to the
spread of high-level resistance.

Interpretation of the Results in the Context of Existing
Literature: Our findings on the prevalence and
molecular basis of mupirocin resistance in MRSA
isolates resonate with the growing body of research
indicating an uptrend in antibiotic resistance globally.
Similar to studies reported by Patel and Lee®™*, the
high prevalence of the mupA gene in our high-level
resistant isolates confirms the critical role of this gene
in conferring mupirocin resistance. Furthermore, our
identification of mutations in the ileS gene aligns with
observations by Huang”**, who also reported these
mutations as a primary factor in low-level resistance.

Implications of Resistance Levels for Treatment
Strategies: The high incidence of mupirocin resistance,
especially the high-level resistance driven by the mupA
gene, has significant implications for the management
of MRSA infections. Given mupirocin's role in
decolonization protocols, particularly in healthcare
settings, the emergence of resistance could
compromise infection control measures and
necessitate the use of alternative antibiotics or
combination therapies. This scenario stresses the need
for tailored treatment strategies based on resistance

profiling, as suggested by Smith and Fratamico'®.

Potential Mechanisms Driving Resistance in MRSA:
The strong correlation between genetic markers and
resistance phenotypes observed in our study
underscores the complexity of resistance mechanisms
in MRSA. The novel mutations identified in the ileS
gene suggest adaptive genetic responses to selective
pressures exerted by mupirocin use. Additionally, the
detection of a new plasmid-mediated gene
arrangement hints at the potential for horizontal gene
transfer in spreading resistance, a mechanism that
requires further exploration as highlighted by Jones™*?.

Limitations of the Study: This study is not without
limitations. Firstly, the sample size, although
substantial, is limited to specific regions, which may
not fully represent global resistance patterns.
Secondly, the detection of novel mutations and their
functional impact on resistance requires further
validation through in vitro and in vivo studies to
confirm their clinical relevance.

Recommendations for Future Research: Future
research should focus on expanding the geographical
scope of sampling to gain a more comprehensive
understanding of mupirocin resistance trends
worldwide. Additionally, experimental studies

investigating the functional impacts of newly identified
mutations on mupirocin efficacy could provide deeper
insights into resistance mechanisms. Longitudinal
studies tracking resistance evolution in response to
changes in antibiotic usage policies could also help in
developing more effective management strategies.

CONCLUSION

Summary of key Findings: Our study conducted on 200
MRSA isolates revealed a 30% prevalence of mupirocin
resistance, comprising both low-level and high-level
resistance. The molecular characterization identified
the mupA gene in 90% of the high-level resistance
cases and significant mutations in the ileS gene
associated with low-level resistance. Furthermore,
novel genetic mutations potentially linked to resistance
mechanisms were discovered, suggesting evolving
complexity in resistance pathways.

Impact of these Findings on Clinical Practice and
Public Health: The substantial prevalence of mupirocin
resistance, especially high-level resistance mediated by
the mupA gene, poses a serious challenge to the
current MRSA decolonization protocols used in
healthcare settings. The ability of MRSA to evade
mupirocin treatment threatens the effectiveness of
existinginfection control measures, potentially leading
to highertransmission rates and outbreaks in hospitals.
These findings stress the urgent need for updated
surveillance strategies and the adoption of tailored
antibiotic stewardship programs to mitigate the spread
of resistant strains.

Calls for Action or Proposed Changes in Treatment
Guidelines: Given the escalating issue of mupirocin
resistance, we propose the following actions:

e Enhanced surveillance: Implement routine
screening for mupirocin resistance in healthcare
settings, particularly in units with high rates of
MRSA infections.

e Review of decolonization protocols: Health
authorities should consider revising MRSA
decolonization protocols to include alternative
agents or combinations of agents where high
levels of mupirocin resistance are detected.

e Research and Development: Encourage further
research into the development of new antibiotics
or alternative therapies that are effective against
resistant MRSA strains.

e Public health initiatives: Public health agencies
should promote awareness about antibiotic
resistance and the importance of prudent
antibiotic use among healthcare professionalsand
the public.
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