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Abstract

Staphylococcus aureus (S. aureus) formation presents a critical challenge in healthcare settings,
profoundly affecting patient outcomes and treatment strategies. Biofilms, complex microbial
communities encased in an extracellular matrix, exhibit increased resistance to antibiotics and host
immune responses. The ability of S. aureus to form biofilms in medical devices, such as catheters,
prosthetic joints, and cardiac implants contributes to persistent and recurrent infections including
bloodstream infections, endocarditis, osteomyelitis, and surgical site infections. These infections are
frequently associated with implant failure, delayed wound healing, and prolonged hospital stays. S.
aureus strains embedded in biofilms also facilitate the spread of healthcare-associated infections
(HAIs), posing a significant risk to vulnerable patient populations. Understanding the dynamics of
biofilm-associated infections is crucial for developing targeted therapeutic interventions, including
novel antibiotics, biofilm-disrupting agents, and immune-modulating strategies, to enhance treatment
outcomes and strengthen infection control within healthcare environments. As the prevalence
of antibiotic-resistant strains increases, innovative strategies such as biofilm-disrupting agents,
antimicrobial-coated implants, and nanoparticle-based therapies are being explored to enhance
treatment efficacy. This review explores the multifaceted impact of S. aureus biofilms on healthcare by
evaluating specific infection types, clinical complications, and advancements in therapeutic strategies,
with a focus on their economic burden, effects on treatment efficacy, and contribution to patient
morbidity to improve healthcare outcomes.
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INTRODUCTION

Staphylococcus aureus (S. aureus), a
versatile bacterium that resides as a commensal
and pathogen on human skin and nasal passages,
spans from asymptomatic colonization to severe
infections. Known for its virulence factors and
antibiotic resistance, notably Methicillin- resistant
Staphylococcus aureus (MRSA), it challenges
healthcare.! Biofilm formation, a sophisticated
survival mechanism, complicates treatment
by fostering resistance to antimicrobials and
immune responses. Biofilms are the result
of microorganisms adhering to surfaces and
producing a protective matrix. Biofilm genes
of S. aureus, such as icaADBC, agr, and sarA,
regulate adhesion, matrix synthesis, and virulence,
amplifying risks and resistance. In healthcare
settings, biofilm related S. aureus infections on
medical devices and tissues increase infection
risks, complicating treatments, increasing costs,
and affecting patient outcomes.??

Current treatments face challenges due
to biofilm resilience, diagnostic limitations, and
antibiotic resistance. Strategies involve antibiotic
therapy, biofilm disruption agents, antibiotic
coated implants, surgical intervention, but face
limitations in combating entrenched biofilms.
Innovations are focused on antibiotic development,
biofilm disruption, diagnostics, and customized
treatments, using nanoparticles, antimicrobial
peptides, and advanced diagnostics such as
confocal microscopy. Tailored treatment strategies,
surface modifications, and personalized medicine
aim to overcome biofilm complexities and optimize
patient centered care.* Surface engineering aims
to prevent initial bacterial attachment and disrupt
biofilm matrices in medical devices, significantly
reducing S. aureus associated infections in
healthcare settings. These advancements present
promising avenues to combat biofilm related S.
aureus infections by addressing their multifaceted
challenges and enhancing treatment efficacy.®
The objective of this article is to explore the
multifaceted challenges posed by S. aureus biofilm
related infections, investigate current treatment
strategies, and evaluate innovative approaches to
overcome biofilm complexities, improve treatment
efficacy, and reduce infection risks in healthcare
settings.

Staphylococcus aureus

S. aureus, a Gram-positive bacterium,
is a versatile human commensal and pathogen,
residing on the skin and nasal passages. It exists
in both asymptomatic colonization and virulent
pathogenic states. Renowned for its diverse
virulence factors, S. aureus can cause several
infections, from minor skin conditions to severe
invasive diseases. In particular, it can develop
antibiotic resistance, including the notorious
MRSA, which poses a substantial challenge in
healthcare settings.® S. aureus, a facultative
anaerobic bacterium, commonly resides as
a commensal on human epithelial surfaces,
predominantly colonizing the nares and skin.®
Its adaptability and genetic versatility enable
it to transition between commensalism and
pathogenicity, dictated by host and environmental
factors. Pathogenic potential is attributed to an
extensive range of virulence factors, including
surface adhesions, toxins, and enzymes that
facilitate adherence, immune evasion, and
tissue damage. S. aureus infections span a broad
spectrum, from superficial skin infections such as
folliculitis and impetigo to more serious invasive
conditions, including bacteremia, pneumonia,
osteomyelitis, and endocarditis.” The ability to
form biofilms on biotic and abiotic surfaces further
complicates treatment strategies, enhancing
resistance to antimicrobial agents and immune
responses. The emergence of antibiotic resistant
strains, particularly MRSA, is of considerable
concern, posing a substantial public health threat.?
The evolution of resistance mechanisms in S.
aureus has led to challenges in the treatment
of infections, necessitating a multidisciplinary
approach involving infection control measures,
surveillance, and the development of novel
therapeutic strategies.’

Biofilm formation

Biofilm formation is a sophisticated
microbial survival strategy characterized by the
aggregation and adherence of microorganisms to
surfaces, embedded within a self produced matrix
of extracellular polymeric substances (EPS).* This
dynamic and structured consortium of bacteria,
housed in a polymeric matrix, endows them with
communal resilience that exceeds the sum of their
individual capacities (Figure 1).1!
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The initial phase of biofilm formation
involves the reversible attachment of planktonic
microorganisms to a substrate. Subsequently to this
attachment, irreversible adhesion occurs, leading
to the secretion of EPS constituents, including
polysaccharides, proteins, and nucleic acids
(Figure 1).'> These constituents collectively
contribute to the formation of a three-dimensional
(3D) matrix that encapsulates the microbial
community.® Biofilms confer numerous advantages
on their constituent microorganisms, such as
enhanced resistance to antimicrobial agents,
protection from host immune responses, and
increased tolerance to environmental stressors.
This increased resilience arises from the matrix
acting as a physical barrier, impeding antimicrobial
diffusion, and shielding the bacterial community
from external assaults (Figure 1).*

Biofilm formation has substantial
implications in various fields, including medicine,
industry, and environmental science. In the
medical context, biofilms are known for their role
in chronic infections, as they can form on biotic
and abiotic surfaces, including medical devices.®
The intricate mechanisms that govern biofilm
development continue to be an important focus
of research, with the ultimate goal of devising
strategies to mitigate or disrupt biofilm formation
for therapeutic and industrial applications
(Figure 1).1¢
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Quorum sensing

Quorum sensing is a sophisticated
communication mechanism used by bacteria
to coordinate group behavior, such as biofilm
formation, based on the density of the cell
population. Through the secretion and detection
of signalling molecules, known as autoinducers,
bacteria can assess their local population density.”
When the concentration of these molecules
reaches a threshold level, it triggers specific
gene expression, regulating behaviours such
as biofilm formation. This coordinated action
enables bacteria to coordinate activities, including
producing EPS crucial for biofilm development.®

Quorum sensing represents a complex
signalling system that bacteria use to orchestrate
collective behavior, notably biofilm formation,
in response to fluctuation of cell density within
their environment. This intricate communication
mechanism involves the synthesis, release,
and detection of small diffusible molecules,
termed autoinducers, by bacterial cells.?® In
biofilm formation, bacteria initially exist in a
planktonic state, releasing autoinducers into their
surroundings. These autoinducers accumulate as
the microbial population grows, reaching a critical
concentration. Once a threshold level is reached,
the autoinducers are detected by bacterial
cells, initiating a signalling cascade that leads to
alterations in gene expression patterns. Activated
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Figure 1. Stages of Biofilm Formation. (Source: BioRender.com)
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The accessory gene regulator system regulates the expression of various virulence factors in S. aureus. Influences biofilm formation by modulating

These genes contribute to autolysis and cell wall turnover, affecting the release of extracellular DNA (eDNA). eDNA is a crucial structural component
the balance between cell adhesion and dispersal within the biofilm structure.?

These genes encode the proteins responsible for the synthesis of intercellular polysaccharide adhesin (PIA), a major component of the extracellular
within the biofilm matrix, which promotes cohesion and stability among bacterial cells.*

matrix in S. aureus biofilms. PIA plays a critical role in mediating cell to cell adhesion and biofilm stability.?

Description

o
&)
s}

Table 1. The role of genes in different stages of biofilm formation

Genes
IcaADBC
atl and aae

This gene encodes a global regulator that influences the expression of multiple genes involved in biofilm formation, including icaADBC and surface

adhesins. SarA contributes to the general regulation of the related genes, which affects biofilm architecture and development of biofilms.?

fnbA and fnbB These genes encode fibronectin binding proteins that facilitate the initial adhesion of S. aureus to host tissues or abiotic surfaces. They play a crucial

sarA

role in the initial stages of biofilm formation by promoting bacterial attachment.?”

Clumping factors A and B are surface proteins involved in bacterial adhesion to host cells and the extracellular matrix, which contribute to the initiation

and aggregation of biofilms of bacterial cells.?®

clfA and clfB

genes regulate the production of various factors
crucial for biofilm formation, including EPS.*?
EPS, which comprises polysaccharides, proteins,
and DNA, facilitates adherence to surfaces and
intercellular cohesion, fostering the formation of
a robust 3D biofilm structure. This synchronized
response orchestrated by quorum sensing enables
the bacterial communities to collectively switch
from a planktonic state to a sessile biofilm forming
state. Through this coordinated action, biofilm
associated bacteria gain increased resistance to
antimicrobial agents, host immune defences, and
adverse environmental conditions.?%2

Genes in biofilm formation of S. aureus

S. aureus, a versatile pathogen, uses a
spectrum of genes and regulatory mechanisms in
the intricate biofilm formation process (Table 1).?

Biofilm associated risks in healthcare

The impact of S. aureus that forms
biofilms in healthcare settings is a multifaceted
problem with significant implications for patient
care, treatment outcomes, and healthcare
infrastructures. Biofilm related infections caused
by S. aureus present a formidable challenge due
to their persistence, resistance mechanisms, and
capacity to cause a wide spectrum of infections
(Table 2).%

Biofilms formed by S. aureus pose
a grave risk in healthcare settings. Serving
as reservoirs for persistent infections, these
biofilms adhere to medical devices, compromised
tissues, and implanted materials, increasing
the likelihood of device related infections,
surgical site infections, and Healthcare-associated
infections (HAI) (Table 2).3° The resilience of S.
aureus against antimicrobial agents and immune
responses complicates treatment strategies,
making infections chronic, recurrent, and difficult
to eliminate. In addition, biofilm formation fuels
antibiotic resistance mechanisms, altering gene
expression and metabolic activity, amplifying
resistance, and narrowing therapeutic options
(Table 2).2 Clinically, these infections lead to
prolonged hospital stays, increased morbidity,
and increased mortality rates, encompassing
serious complications like bloodstream infections,
endocarditis, osteomyelitis, and soft tissue
infections. Controlling biofilm forming S. aureus
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Table 2. Biofilm associated risks in healthcare

Risk

Description

Increased Infection
Treatment Complexity
Antibiotic Resistance

Clinical Complications

Infection Control

Economic Impact

Biofilms serve as persistent infection reservoirs in healthcare, adhering to medical devices,
tissues, and implants, increasing the risks of device related infections and HAI*°

The resilience of biofilm embedded S. aureus complicates treatment, reducing antimicrobial
efficacy, making infections chronic and challenging to eradicate.®

Biofilm formation induces antibiotic resistance in S. aureus, altering gene expression,
reducing metabolic activity, and enhancing genetic exchange, limiting therapeutic options.?
Biofilm related S. aureus infections lead to prolonged hospital stays, increased morbidity,
mortality rates, and severe complications, including bloodstream infections and
osteomyelitis.3!

The tenacity of biofilm forming S. aureus poses challenges in infection control within
healthcare, requiring stringent hygiene protocols and thorough decontamination
practices.!

Treatment of biofilm related infections incurs substantial financial burdens due to prolonged
hospitalizations, repeated treatments, and the need for specialized care, escalating overall

healthcare costs.*?

is challenging within healthcare facilities due
to its persistence on surfaces and medical
devices, mandating stringent hygiene protocols
and thorough decontamination practices.?! The
substantial financial burden imposed by these
infections, attributed to prolonged hospitalizations,
repeated treatments, and the need for specialized
care, underscores the urgency of combating
biofilm related S. aureus infections within
healthcare systems (Table 2).3

Current treatment strategies
Antibiotics and antimicrobials

Traditional antibiotic therapy represents
the cornerstone in the treatment of S. aureus
infections; however, its efficacy against biofilm
associated S. aureus infections is notably limited.
The biofilm matrix is a formidable barrier that
prevents antibiotic penetration and fosters
bacterial resilience.*® Biofilm embedded S.
aureus displays altered metabolic states and
reduced susceptibility to antimicrobial agents
compared to their planktonic counterparts.
This altered phenotype within the biofilm
community results in decreased antibiotic
effectiveness, leading to failures in treatment
and recurrent infections.3* Combination therapies
involving multiple antibiotics or higher doses are
often considered to combat biofilm related S.
aureus infections. However, the achievement of
satisfactory outcomes due to the complex nature

of the biofilm architecture and the presence of
persisting cells that exhibit heightened tolerance
to antibiotics.®

Biofilm disruption agents

Biofilm disruptors are instrumental in
combating biofilm associated S. aureus infections
by specifically targeting the complex structure
and resilience of biofilms. Disruptive agents
dismantle defense mechanism, making bacteria
more susceptible to conventional treatments.%®
Disrupting matrix production by compounds
such as Dispersin B, which cleave the structural
components; inhibiting quorum sensing to
interfere with bacterial communication; and using
chelating agents that destabilize vital ions vital for
biofilm stability.>” Various classes of compounds,
including enzymes such as Dispersin B and DNase,
synthetic small molecules, and natural compounds
from plant extracts, are explored as potential
biofilm disruptors, each showing promise in either
degrading biofilm structures or interfering with
bacterial communication pathways, ultimately
rendering biofilms more vulnerable to treatment.*®

Antibiotic coated implants

Antibiotic coated implants represent
a strategic intervention to counter biofilm
associated S. aureus infections, particularly
prevalent in medical devices and implants. These
surfaces present a substantial risk of bacterial
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Table 3. The challenges and clinical implications of biofilm associated S. aureus infections

Challenges

Details

Antibiotic Resistance

Biofilm Resilience

Diagnostic Limitations

Inadequate Treatment
Strategies

Clinical Implications

Biofilm associated S. aureus exhibits increased antibiotic resistance, attributed to altered
metabolic states and persisting cells, leading to treatment failures and recurrent infections.®
The robustness of biofilms against hostimmune responses and antimicrobial agents poses
a formidable challenge, with the matrix structure protecting bacterial communities,
allowing survival in harsh conditions and contributing to chronic infections and treatment
recalcitrance.®

Detecting and diagnosing biofilm associated S. aureus infections remains challenging, as
conventional diagnostic methods often fail to identify biofilm embedded bacteria, leading
to underestimation of infection severity and inappropriate treatment.?®

The lack of standardized protocols or guidelines for the management of biofilm related S.
aureus infections contributes to varied treatment outcomes. Tailored therapeutic
approaches considering biofilm specific characteristics are essential but currently lack
widespread implementation.?

Biofilm associated S. aureus infections prolong hospital stays, increase healthcare costs, and
increase the risk of morbidity and mortality among patients. These infections are linked
to persistent complications, such as device related infections or chronic wounds, affecting

patient outcomes.*?

colonization and subsequent biofilm development,
culminating in persistent and difficult to treat
infections.® The fundamental concept involves the
integration of antibiotics onto implant surfaces,
creating a proactive defense mechanism against
bacterial adherence and subsequent biofilm
formation. Functioning by releasing antibiotics
into surrounding tissues, these implants establish
an antimicrobial environment that deters initial
bacterial adhesion to the implant surface,
consequently diminishing biofilm formation.3®
The antibiotics released also combat any adherent
bacteria, preventing the establishment and
proliferation of biofilm associated S. aureus
infections. Antibiotics and antimicrobial agents,
including vancomycin, rifampin, gentamicin, and
silver nanoparticles, serve as coatings for implants.
The application methods vary, including physical
adsorption, chemical bonding, or integration into
the implant material during manufacturing.®*°

Antibiotic coated implants are widely
used in orthopedic surgeries involving joint
replacements, spinal implants, and prosthetic
devices, where susceptibility to biofilm related
infections is high. The efficacy of implants in
reducing the incidence of biofilm-associated
infections.*

Surgical intervention

In biofilm associated S. aureus infections,
surgical intervention is a crucial therapeutic
strategy. Surgical methods are used to physically
eliminate the biofilm reservoir and infected tissues,
particularly in cases involving implanted medical
devices.? Debridement, the removal of infected
or necrotic tissues, often complements antibiotic
therapy, facilitating the eradication of biofilm
embedded bacteria. This surgical procedure
reduces the bacterial load and disrupts the
structure of the biofilm, creating an environment
conducive to effective antimicrobial action.
Complete device removal may be necessary
for infections related to medical devices such
as prosthetic implants or catheters.** Current
intervention strategies are designed to prevent the
initial device from eliminating the source of biofilm
colonization, preventing recurrent infections and
offering a chance for successful treatment and
recovery.*?

Challenges

Biofilm associated S. aureus exhibits
increased antibiotic resistance compared to
planktonic bacteria, originating from altered
metabolic states and persisting cells within
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biofilms. This resistance leads to treatment failures
and recurrent infections, which pose a significant
challenge. The robustness of the biofilms against
host immune responses and antimicrobial agents
further complicates treatment. The protective
matrix structure enables bacterial survival
even under harsh conditions, contributing to
chronic infections and recalcitrance to treatment
(Table 3).2 Detecting and diagnosing biofilm
associated S. aureus infections remains challenging,
as conventional diagnostic methods often overlook
biofilm embedded bacteria. This limitation results
in underestimating the severity of the infection
and inappropriate treatment. The absence of
standardized protocols for the treatment of these
infections also contributes to varied treatment
outcomes. Tailored therapeutic approaches
that address biofilm specific characteristics are
crucial, but lack widespread implementation
(Table 3).2° Biofilm related S. aureus infections
have substantial clinical implications, prolonging
hospital stays, increasing healthcare costs, and
increasing the risk of morbidity and mortality
among patients. These infections are linked to

Surface Madification

Technologies

Phage Therapy

Challenge
Identification

INNOVATIVE
STRATEGIES

persistent complications, including device related
infections and chronic wounds, significantly
affecting patient outcomes (Table 3).%3

Treatment advancement

Advancements in the treatment of
biofilm associated S. aureus infections encompass
various innovative strategies aimed at antibiotic
resistance, diagnostic limitations, and personalized
treatment approaches.*

Innovative antibiotic approaches

Efforts in antibiotic innovation aim
to overcome the challenges posed by biofilm
associated S. aureus infections. Novel antibiotic
formulations, such as antibiotic nanoparticles or
liposomal carriers, offer improved drug delivery
mechanisms.** These formulations enhance
drug penetration into the biofilm matrix, where
conventional antibiotics often struggle to reach.
Combination therapies that involve multiple
antibiotics or the synergistic use of antimicrobial
agents are being explored to combat biofilm
resistance and increase treatment efficacy.* The

Nanoparticles

Antimicrobial
Peptides

Personalized
Medicine

Figure 2. Innovative strategies for treatment of biofilm-associated S. aureus infections (Source: BioRender.com)
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exploration of bacteriophage therapy presents a
promising alternative to conventional antibiotics.
Bacteriophages, viruses that specifically target
and lyse bacteria, can potentially disrupt biofilm
embedded S. aureus cells. Phage therapy offers
a tailored approach that could overcome the
antibiotic resistance mechanisms inherent in
biofilm related infections.*”

Biofilm targeted therapies

Biofilm targeted therapeutic approaches
focus on the disruption of biofilm architectures
and increased susceptibility to antimicrobial
agents. Within this domain, enzymes such as
Dispersin B and DNase demonstrate the ability to
dismantle the biofilm matrix, thereby facilitating
the enhanced permeation of antimicrobial agents.
These enzymatic agents work by degrading the
structural components of the biofilm, allowing
improved access and efficacy of antimicrobial
compounds.*®

Nanoparticles, specifically those that
harbor silver, manifest inherent antimicrobial
attributes that efficiently target and disrupt
bacteria that are embedded within biofilms.
The unique properties of these nanoparticles
enable them to infiltrate biofilm structures,
exerting antimicrobial effects and destabilizing the
integrity of bacterial colonies, notably including
those formed by S. aureus. The inclusion of silver
within nanoparticles provides a multifaceted
mechanism to combat biofilm related S. aureus
infections.?*® The utilization of antimicrobial
peptides exhibits notable specificity against
biofilm associated S. aureus. These peptides
present a promising avenue for confronting the
complexities posed by S. aureus biofilms. Their
specific targeting and disruptive actions against the
structure of the biofilm contribute to a potential
therapeutic strategy to combat these persistent
and challenging infections. The distinctiveness
in the mode of action of antimicrobial peptides
against biofilms marks them as a compelling area
for further exploration and development in the
context of biofilm associated infections associated
with S. aureus (Figure 2).%°

Improved diagnostics
Advanced imaging modalities, including
confocal microscopy and sophisticated molecular

diagnostic approaches, have emerged as pivotal
contributors, facilitating a more nuanced
identification of bacteria ensconced within biofilm
structures. These refined techniques transcend the
limitations of conventional diagnostic modalities,
offering increased precision in discerning biofilm
associated S. aureus infections.>®

Confocal microscopy stands out as a
cutting edge imaging technique that facilitates 3D
visualization of biofilm architecture, allowing for a
comprehensive assessment of the presence and
distribution. This method surpasses conventional
microscopy by providing detailed insights into
the intricate matrix of biofilms, enhancing
the ability to identify S. aureus within these
complex structures. The application of confocal
microscopy in diagnostics marks a significant
advancement, enabling clinicians to visualize
bacteria with unprecedented clarity.>* The
integration of advanced molecular diagnostics
represents a paradigm shift in the approach to
detecting biofilm associated S. aureus infections.
Molecular techniques, such as polymerase chain
reaction (PCR) and nucleic acid sequencing, allow
a more granular examination of the microbial
genetic material. This level of scrutiny enables
the identification of specific genetic markers
associated with the formation of biofilms of S.
aureus. Through biomarker identification and
profiling, clinicians can refine diagnostic tools,
ensuring greater sensitivity and specificity in the
detection of infections intricately linked to biofilm
structures (Figure 2).3

The elucidation of distinct biomarkers
associated with biofilm related infections
contributes to the development of diagnostic tools
characterized by increased precision and early
detection capabilities. These refined diagnostics
transcend the limitations of traditional methods,
allowing for a timely and precise identification
of biofilm associated S. aureus infections. As
a consequence, this not only facilitates faster
therapeutic interventions but also mitigates the
potential for prolonged and recurrent infections,
thus increasing the overall efficacy of clinical
management strategies (Figure 2).%3

Tailored treatment strategies
Developing customized and personalized
treatment strategies addresses the unique
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characteristics of biofilm related infections.
The establishment of standard protocols or
guidelines for the management of biofilm
associated S. aureus infections is a current focus.
These guidelines aim to optimize treatment
outcomes by considering the complexity of biofilm
structures and the varied responses observed
in these infections.?®** Standardized protocols
and guidelines are being developed specifically
to address infections associated with S. aureus
biofilms. These comprehensive guidelines cover
diagnostic criteria, treatment algorithms, and
preventive strategies. Biofilm specific approaches
involve custom treatments that consider the
intricate nature of biofilm structures. Therapeutic
regimens are strategically designed to address the
resilience and the challenges posed by antibiotic
resistance within these communities. Strategies
may include combinations of antimicrobial
agents, enzymes that alter biofilm matrices, or
innovative nanoparticle based therapies, all aimed
at improving drug penetration and efficacy against
bacteria embedded within biofilms (Figure 2).%

Advancements in personalized medicine
enable personalized treatment approaches
based on patient specific factors. This includes
a comprehensive evaluation of the patient’s
medical history, the specific site of infection,
and the unique characteristics of the biofilm.
Such tailor made treatments consider variations
in biofilm architecture, bacterial virulence, and
patient immune status, thereby ensuring more
precise and effective interventions.*® Additionally,
tailored treatment strategies prioritize patient
centered care, striving to improve patient
outcomes and quality of life. Taking into account
patient preferences, individual needs, and
potential treatment side effects into account,
healthcare providers can create more informed
and collaborative treatment plans. This approach
ultimately aims to increase patient satisfaction and
adherence to therapies (Figure 2).>’

Surface modification

Advanced surface engineering strategies
not only aim to prevent initial bacterial attachment,
but also attempt to disrupt the biofilm matrix upon
its formation. Such approaches may involve the
integration of surface coatings or functionalities
that facilitate the release of antimicrobial agents

upon detection of biofilm formation, thus actively
inhibiting its maturation and facilitating the
subsequent eradication of established biofilms.
Advances in surface engineering for medical
devices aim to significantly mitigate the incidence
of S. aureus associated infections in healthcare
settings.? By impeding biofilm formation on these
surfaces, the risk of device related infections is
profoundly diminished, consequently improving
patient outcomes, reducing the need for extensive
antibiotic treatments, and curbing the economic
burden associated with prolonged hospital stays
and recurrent infections (Figure 2).8

CONCLUSION

S. aureus, recognized for its pathogenicity
and capacity to develop MRSA, exhibits a difficult
attribute in biofilm formation, complicating
therapeutic interventions. Biofilms, an intricate
microbial survival mechanism, present structured
communities that are resistant to antimicrobial
agents and immune responses. Essential genes
such as icaADBC and agr orchestrate biofilm
development, affecting cell adhesion and
matrix synthesis. Their presence significantly
increases the risks of infection, fosters antibiotic
resistance, and imposes substantial economic
burdens within healthcare settings. Innovative
treatment strategies that target biofilm resilience,
enhanced diagnostic precision, and personalized
therapeutic approaches and overcome resistance
to biofilms, emphasizing tailored interventions
to accommodate the intricate nature of these
infections.
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