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Abstract. Bacterial conjunctivitis occupies a significant place among infectious diseases of
the anterior segment of the eye, and within its etiological spectrum, Staphylococcus aureus is
recognized as a particularly relevant pathogen, especially in adults, elderly individuals, and
patients with compromised ocular surface defense mechanisms. Contemporary literature
indicates that the pathogenicity of this microorganism is not limited to superficial colonization
but is mediated through a complex, multi-component virulence system. The adhesion of S.
aureus to the conjunctival surface is facilitated by fibronectin-binding proteins, extracellular
adherence protein, and clumping factors; subsequently, biofilm formation, tissue invasion, toxin
secretion, and immune evasion mechanisms contribute to the persistence and recurrence of the
disease. In particular, alpha-toxin, gamma-toxin, Panton–Valentine leukocidin, and enterotoxins
enhance epithelial cell damage, promote the release of inflammatory mediators, and intensify
local tissue destruction. Molecular studies have demonstrated a high prevalence of genes
associated with adhesion, invasion, and immune evasion in ocular S. aureus strains; in certain
clinical series, the hld and hlg genes were detected significantly more frequently in infectious
strains compared to non-infectious isolates. Recent observations indicate that the proportion of
staphylococci in bacterial conjunctivitis and the issue of methicillin-resistant strains remain
persistent, thereby limiting the effectiveness of empirical therapy. Thus, the pathogenesis of S.
aureus-associated bacterial conjunctivitis should be considered as an integrated system involving
adhesion, biofilm formation, toxic injury, induction of inflammation, and antibiotic resistance.
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Introduction. Conjunctivitis is one of the most common conditions in ophthalmological
practice. Although viral etiology predominates among infectious forms in the general population,
bacterial conjunctivitis constitutes a substantial clinical proportion, particularly in children.
According to available data, a large proportion of acute infectious conjunctivitis cases in
pediatric populations may be of bacterial origin, whereas in adults, staphylococcal species,
including Staphylococcus aureus, play a major etiological role. In the United States, it has been
estimated that up to 6 million cases of acute conjunctivitis occur annually from all causes,
underscoring not only the clinical significance of the condition but also its economic and
organizational impact on healthcare systems.

S. aureus is an opportunistic pathogen capable of affecting various anatomical structures of
the eye, including the eyelid margin, conjunctiva, cornea, and intraocular compartments. Its
significance as an ophthalmic pathogen persists despite the presence of normal ocular defense
barriers.

The tear film contains lysozyme, lactoferrin, immunoglobulins, antimicrobial peptides, and,
together with the mechanical action of blinking, provides primary antimicrobial defense.
However, when this protective system is compromised—due to factors such as contact lens use,
ocular surface dryness, microtrauma, chronic blepharitis, reduced immune response, or
nosocomial contamination—conditions become favorable for S. aureus colonization and
invasion.

The initial stage of pathogenesis begins with the firm adhesion of the bacterium to the
conjunctival or, more broadly, ocular surface. In this process, microbial surface components of S.
aureus—including fibronectin-binding proteins, clumping factors, collagen-binding proteins, and
extracellular adherence protein—play a critical role. These factors facilitate bacterial attachment
to host extracellular matrix components, promote proximity to epithelial cells, and enable
subsequent internalization. Molecular studies of ocular isolates have demonstrated that adhesion-
associated genes such as eap and fnbpA are present in nearly all infectious strains, confirming
that adhesion constitutes a central step in pathogenesis. Furthermore, increased exposure of
fibronectin following ocular surface injury further enhances the attachment capacity of this
microorganism.

Following adhesion, biofilm formation represents one of the principal mechanisms
determining disease persistence and therapeutic resistance. A biofilm is a structured community
composed of bacterial cells, an extracellular polymeric matrix, and a complex three-dimensional
architecture. This structure not only anchors bacteria firmly to the surface but also restricts
antibiotic penetration, alters metabolic activity, and protects microorganisms from immune cell-
mediated clearance. In an ex vivo human corneal model, ocular Staphylococcus aureus biofilms
were shown to form more rapidly than on synthetic surfaces, with maturation and dispersion
observed within 48 hours.

Moreover, antibiotic susceptibility in the biofilm phase was several-fold lower compared to
the planktonic state. These findings provide a microbiological basis for the chronicity, recurrence,
and frequent failure of empirical therapy in conjunctivitis.

Another critical component of S. aureus pathogenesis is tissue damage mediated by toxins
and secreted enzymes. In ocular infections, alpha-toxin, beta-toxin, gamma-toxin, bicomponent
leukocidins, staphylococcal enterotoxins, and proteases are actively involved in amplifying
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inflammation. Alpha-toxin interacts with ADAM10, forming pores in the host cell membrane,
disrupting ionic homeostasis, and leading to epithelial cell necrosis and apoptosis. Experimental
models have demonstrated that the application of purified alpha-toxin to the eye induces
significant inflammation of the conjunctiva and iris, as well as epithelial destruction and
enhanced migration of inflammatory cells. Therefore, S. aureus-associated conjunctivitis cannot
be adequately characterized as a purely “superficial infection”; its toxic component plays a
decisive role in determining clinical severity and the risk of complications.

Immune evasion mechanisms further ensure the successful persistence of S. aureus.
Virulence determinants such as protein A, staphylokinase, leukocidins, and others impair
neutrophil function, disrupt opsonophagocytosis, and modulate the inflammatory response in
favor of the pathogen. An analysis of ocular strains conducted in 2022 revealed that the hlg and
hld genes were significantly more prevalent in infectious isolates compared to non-infectious
ones, highlighting the importance of toxin-mediated invasion and inflammation in clinical
infection. Additionally, factors such as seb and pvl have been identified in certain conjunctival
strains, potentially contributing to more severe and highly pro-inflammatory forms of
conjunctival inflammation.

Recent microbiological surveillance studies confirm the predominance of Gram-positive
cocci in the etiology of bacterial conjunctivitis and the persistent clinical relevance of S. aureus.
For instance, in a retrospective analysis covering the period 2020–2024, Gram-positive cocci
accounted for 70.7% of all isolates, with S. aureus representing 17.2%. Notably, the detection
rate of this pathogen increased from 0% in 2020 to 28.6% in 2024. In the same study, methicillin
resistance was identified in 60.0% of S. aureus isolates, indicating a growing proportion of
MRSA-associated conjunctival infections. This trend necessitates the implementation of local
antibiotic susceptibility monitoring to guide appropriate therapeutic strategies.

The central scientific challenge lies in the fact that, despite similar clinical presentations,
variations in virulence profiles and resistance patterns can significantly influence disease
progression and treatment outcomes.

From this perspective, a systematic analysis of the pathogenic mechanisms of
Staphylococcus aureus in the development of bacterial conjunctivitis, based on contemporary
literature, holds substantial scientific and practical importance. Elucidating the integrated roles of
adhesion, biofilm formation, toxin secretion, immune evasion, and antimicrobial resistance will
not only deepen the understanding of molecular pathogenesis but also facilitate the identification
of novel diagnostic markers and the development of pathogen-targeted therapeutic approaches.

Objective of the study. The aim of this literature review is to systematically analyze the
pathogenic mechanisms of Staphylococcus aureus in the development of bacterial conjunctivitis
based on contemporary scientific evidence, with particular emphasis on its key virulence factors
and interactions with the host organism.

Materials and Methods. This study was conducted in the form of a systematic literature
review.

Data sources and search strategy. Scientific sources were identified using the following
international databases: PubMed, Scopus, Web of Science, ScienceDirect, and Google Scholar.
The search process employed the following key terms: “Staphylococcus aureus conjunctivitis
pathogenesis”; “bacterial conjunctivitis virulence factors”; “ocular surface infection
staphylococcus mechanisms”; and “MRSA ocular infections.”

Inclusion criteria. Articles were selected based on the following criteria: publication within
the period 2000–2025; publication in peer-reviewed journals; investigation of the pathogenic
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mechanisms of S. aureus through experimental or clinical approaches; and availability of full-
text access.

Data analysis. The selected articles were analyzed using a content analysis approach.
Pathogenetic mechanisms were systematized into the following categories: adhesion and
colonization; invasion and tissue damage; the role of toxins and enzymes; biofilm formation; and
interaction with the immune system. The results were synthesized based on contemporary
molecular-biological and clinical studies.

More than 60 scientific articles were selected and systematically reviewed for analysis.
Results. The pathogenic mechanisms of Staphylococcus aureus in the development of

bacterial conjunctivitis are characterized by a multi-stage and complex nature, involving
interactions with the conjunctival surface, expression of virulence factors, and modulation of the
host immune response [18].

Etiological and epidemiological characteristics. According to the analyzed epidemiological
data, S. aureus is one of the leading pathogens in ocular infections, accounting for up to 70% of
all ocular infections in certain studies. It is also recognized as a major etiological agent in
bacterial conjunctivitis, particularly with a higher prevalence among adults. Furthermore, clinical
observations indicate that S. aureus-associated cases may constitute up to 40–50% of
conjunctivitis patients [21].

Main stages of pathogenesis. Based on the reviewed literature, the pathogenesis of S.
aureus-associated bacterial conjunctivitis can be divided into three principal stages:

Adhesion and colonization stage. S. aureus adheres to epithelial cells via MSCRAMMs
(microbial surface components recognizing adhesive matrix molecules), including proteins such
as ClfA, ClfB, and fibronectin-binding proteins, which ensure stable colonization of the
conjunctival surface [23].

Invasion and immune evasion. The bacterium employs proteases, capsular components, and
other enzymes to inactivate protective factors in the tear fluid (e.g., surfactant D), thereby
facilitating evasion of phagocytosis [30].

Tissue damage and inflammation. Exotoxins produced by S. aureus damage cellular
membranes and exert cytotoxic effects, leading to increased release of proinflammatory
cytokines and the development of neutrophilic infiltration [20].

Virulence factors and their role. The table below systematizes the principal virulence factors
of Staphylococcus aureus involved in the pathogenesis of bacterial conjunctivitis.

Table 1. Virulence factors of Staphylococcus aureus and their pathogenic roles
Virulence factor Mechanism Pathogenetic effect
MSCRAMM proteins Adhesion to epithelial cells Colonization and

initiation of infection
α-hemolysin (hla) Pore formation in cell

membranes
Cell lysis, epithelial

damage
PVL (Panton–Valentine

leukocidin)
Leukocyte destruction Suppression of immune

response
Enterotoxins Superantigen activity Strong inflammatory

response
Proteases Degradation of conjunctival

proteins
Tissue invasion

Biofilm Protection from antibiotics
and immune defenses

Chronic infection



INTERNATIONAL JOURNAL
OF MEDICAL SCIENCES

ISSN NUMBER: 2692 - 5206 Volume 6. No 05. MAY ,2026

508

According to available evidence, α-toxin (encoded by the hla gene) is present in nearly all
ocular strains and induces pore formation in epithelial cells, leading to cell death. PVL
contributes to immune cell destruction, thereby promoting a more severe course of infection
[9,24,26].

Inflammation and immune response mechanisms. In conjunctival tissues infected with S.
aureus, the innate immune response is rapidly activated. Studies have demonstrated increased
production of proinflammatory cytokines such as IL-1β and TNF-α, enhanced neutrophil
migration, and recruitment of dendritic cells mediated by chemokines such as CCL20. Clinically,
these processes manifest as hyperemia, edema, exudation, and purulent discharge [27].

Biofilm formation and antibiotic resistance. S. aureus possesses a well-established capacity
for biofilm formation, which represents a critical factor in its pathogenesis. The microbial
biofilm reduces antibiotic penetration, enables evasion of immune responses, and contributes to
the development of chronic and recurrent conjunctivitis [13].

The increasing prevalence of MRSA (Methicillin-resistant Staphylococcus aureus) strains is
recognized as a major challenge, significantly reducing the effectiveness of standard therapeutic
approaches.

Discussion. The findings of this literature review indicate that Staphylococcus aureus
should not be regarded merely as an etiological agent in bacterial conjunctivitis but rather as a
highly adaptive pathogen that actively interacts with the ocular surface microecosystem,
epithelial barrier, innate immunity, and inflammatory mediators. Contemporary studies
consistently identify staphylococci—particularly S. aureus—as among the most prevalent
pathogens in adult bacterial conjunctivitis. This predominance can be explained by the
organism’s adhesive capacity, toxigenicity, and ability to develop antibiotic resistance. From this
perspective, conjunctivitis should be interpreted not simply as a localized inflammatory
condition but as a dynamic biological conflict between host and pathogen.

Analysis of the results demonstrates that the primary and decisive stage of pathogenesis is
adhesion to and colonization of the ocular surface. Under physiological conditions, the tear
film—comprising lysozyme, lactoferrin, antimicrobial peptides—and mechanical clearance
mechanisms limit persistent microbial attachment. However, disruption of epithelial integrity,
blepharitis, dry eye syndrome, inadequate contact lens hygiene, or pre-existing ocular surface
disorders create a “window of opportunity” for S. aureus colonization. Therefore, from a clinical
standpoint, conjunctivitis is more appropriately considered not as an isolated infection but as a
process that frequently develops on the background of pre-existing ocular surface dysfunction.
This interpretation has direct implications for preventive and therapeutic strategies: beyond
antibiotic administration, restoration of ocular surface homeostasis should be regarded as an
integral component of management.

One of the most significant findings regarding virulence factors is the central role of α-toxin.
Experimental and review studies have demonstrated that α-toxin exerts a direct cytotoxic effect
on ocular tissues by forming pores in epithelial cell membranes and amplifying inflammatory
responses. This mechanism explains clinical manifestations such as hyperemia, edema, purulent
discharge, and, in some cases, progression from superficial involvement to deeper ocular damage.
Importantly, tissue injury is determined not only by bacterial load but also by the toxin repertoire
of the pathogen. Consequently, identical bacterial burdens may produce different clinical
presentations depending on the strain. This highlights the перспективность of molecular
characterization of virulence profiles in laboratory diagnostics, beyond conventional
bacteriological identification.
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Furthermore, the review findings indicate that Staphylococcus aureus pathogenesis involves
the simultaneous activation of and evasion from the host immune system. On the one hand,
bacterial components and toxins stimulate epithelial cells and innate immune receptors,
increasing the secretion of proinflammatory mediators such as IL-1β and TNF-α; on the other
hand, the bacterium reduces the efficiency of opsonization and phagocytosis through protein A,
proteases, and related factors. As a result, clinical damage often reflects two interacting
components: the direct cytotoxic effect of the pathogen and the excessive inflammatory response
of the host. This dual mechanism can be conceptualized as a “pathogen-mediated damage +
immune-mediated damage” model on the ocular surface. Clinically, this distinction is critical, as
in some patients the severity of symptoms may correlate more strongly with the intensity of
inflammation than with the bacterial load itself.

Data on biofilm formation represent one of the most clinically relevant—and arguably most
persistently resistant—components of this pathogenic process. The S. aureus biofilm enables
firm surface adherence while providing partial protection against antibiotics, disinfectants, and
immune factors. Studies of staphylococcal isolates from ocular fluids have demonstrated that
antibiotic susceptibility in the biofilm phase is several-fold lower than in the planktonic state.
Consequently, in recurrent or chronic blepharoconjunctivitis and contact lens-associated
infections, standard empirical therapy may prove insufficient. Thus, clinical failure is not always
attributable to inappropriate antibiotic selection; in many cases, the underlying issue is the
biological “sanctuary” provided by the biofilm itself.

Findings related to antibiotic resistance warrant particular emphasis. The presence of
methicillin-resistant S. aureus (MRSA) strains among ocular isolates and the observed reduction
in susceptibility to certain antibiotics highlight the limitations of long-standing empirical
antibacterial approaches in ophthalmology. In patients with recurrent, prolonged, or previously
treated conjunctivitis, continuation of therapy without microbiological evaluation represents a
scientifically weak strategy. Importantly, antibiotic resistance should not be viewed as an
isolated phenomenon; rather, it is an integral component of a complex biological system
involving biofilm formation, virulence, and ecological selection pressures.

Another important conclusion from the literature is the close pathogenic association of S.
aureus with the eyelid margin, blepharitis, and blepharoconjunctivitis, particularly in chronic or
subacute cases. In certain patients, the clinical diagnosis of “conjunctivitis” may actually reflect
alterations in eyelid margin microbiota, meibomian gland dysfunction, and chronic
staphylococcal colonization of the ocular surface. Therefore, it is more appropriate to
conceptualize the condition not as an isolated conjunctival process but as a disorder of the ocular
surface unit. This perspective reinforces the importance of eyelid hygiene, biofilm reduction, and
restoration of tear film homeostasis as integral components of therapy.

At the molecular level, regulation of pathogenesis provides further insight into disease
variability. In S. aureus, virulence expression is not static; it is dynamically regulated through
quorum sensing systems, stress-response pathways, and environmental adaptation. This allows
the bacterium to shift between phenotypic states depending on ocular surface conditions,
adopting either a highly toxigenic or a biofilm-dominant strategy. From a clinical standpoint, this
variability is highly significant: applying a uniform therapeutic approach to all patients
represents an oversimplified biological model. Consequently, future strategies targeting
virulence inhibition, biofilm disruption, or toxin neutralization are likely to represent promising
directions in the management of S. aureus-associated conjunctivitis.

It should also be noted that although a substantial proportion of experimental data has been
derived from models of keratitis and other severe ocular infections, many of these findings
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provide a biological basis for understanding bacterial conjunctivitis. This is because adhesion,
toxin expression, inflammation, and immune evasion mechanisms share a common pathogenic
platform across different layers of the ocular surface. However, the conjunctiva, cornea, and
intraocular tissues are not pathophysiologically identical. Therefore, caution is required when
extrapolating findings from severe corneal infections directly to conjunctivitis. From a
standpoint of scientific rigor, a strong biological analogy exists, but not all conclusions are
directly translatable.

Based on the available literature, the following conceptual model can be proposed.
Table. Integrated interpretation of the pathogenesis of S. aureus-associated bacterial

conjunctivitis
Pathogenetic

stage
Main mechanism Clinical significance

Colonization MSCRAMM proteins, epithelial
adhesion

Initiation and persistence of
infection

Barrier
disruption

Dry eye, blepharitis, contact lens
use, microtrauma

Entry point for infection

Toxic damage α-toxin and other secreted factors Hyperemia, pain, epithelial
injury

Immune
activation

IL-1β, TNF-α, neutrophil
infiltration

Exudation and severity of
inflammation

Immune
evasion

Protein A, enzymes, escape from
phagocytosis

Persistence and recurrent
course

Biofilm
formation

Surface adherence, antibiotic
protection

Chronicity and treatment
resistance

Resistance MRSA and other resistant
phenotypes

Reduced effectiveness of
empirical therapy

Overall, the findings of this review indicate that the pathogenesis of S. aureus-associated
bacterial conjunctivitis is a multi-stage, interconnected, and phenotypically adaptive process. The
key scientific conclusion is that disease severity is determined not merely by the presence of the
bacterium but by the combined effects of its virulence repertoire, biofilm-forming capacity,
resistance profile, and the condition of the host ocular surface. Therefore, future research in this
field should extend beyond etiological identification to include toxin profiling, biofilm
biomarkers, and alterations in the ocular microbiome. Otherwise, the pathogen may be identified,
yet the mechanisms by which it drives disease will remain insufficiently understood—a
limitation that is unacceptable in rigorous scientific inquiry.

Conclusion. Based on the analyzed literature, results, and discussion, it can be concluded
that Staphylococcus aureus represents a central pathogen in the pathogenesis of bacterial
conjunctivitis, characterized by multifaceted virulence properties. Its ability to adhere to the
ocular surface, colonize, produce toxins, form biofilms, and modulate the host immune response
constitutes the principal biological mechanisms determining disease onset, progression, and
severity.

2. Staphylococcus aureus should not be regarded merely as a simple etiological factor in
bacterial conjunctivitis, but rather as a highly adaptive and complex pathogen. Its pathogenic
potential is significantly enhanced in the context of disrupted physiological defense mechanisms
of the ocular surface, including the tear film, antimicrobial proteins, epithelial barrier, and
mechanical clearance processes. Therefore, disease development should be evaluated not solely
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based on the presence of the bacterium but in conjunction with the local defense status of the
host.

3. The initial and decisive stage of disease pathogenesis is the adhesion of the bacterium to
the conjunctival epithelium followed by colonization. Adhesins belonging to the MSCRAMM
family, fibronectin-binding proteins, and other surface virulence determinants ensure stable
bacterial attachment to the ocular surface. This process is particularly enhanced in patients with
dry eye syndrome, blepharitis, impaired contact lens hygiene, or microtrauma, significantly
increasing the likelihood of infection onset.

4. The toxigenic properties of S. aureus, particularly the expression of α-toxin, proteases,
and other exotoxins, play a central role in conjunctival tissue damage. These factors induce
cytotoxic changes in epithelial cells, disrupt cellular membranes, and enhance the release of
proinflammatory mediators. Clinically, this manifests as hyperemia, edema, purulent discharge,
and, in some cases, progression to more severe ocular forms. Thus, disease severity is
determined not only by bacterial load but also by the virulence profile of the infecting strain.

5. The host immune response has a dual role in pathogenesis: on the one hand, it contributes
to bacterial clearance, while on the other, excessive activation exacerbates tissue damage.
Increased production of cytokines such as IL-1β and TNF-α, along with neutrophil infiltration
and local inflammatory responses, leads to the intensification of clinical symptoms. Therefore,
bacterial conjunctivitis follows a “microbial damage + immune-mediated damage” model rather
than being solely a consequence of microbial aggression.

6. Biofilm formation and antibiotic resistance—particularly the presence of methicillin-
resistant Staphylococcus aureus (MRSA) strains—represent key factors in the development of
chronic, recurrent, and treatment-resistant forms of the disease. Biofilms provide partial
protection against antibiotics, antiseptics, and immune factors, thereby reducing the effectiveness
of standard empirical therapy. Consequently, future management strategies should not rely solely
on antibacterial therapy but should incorporate anti-biofilm approaches, anti-virulence strategies,
and individualized microbiological diagnostics as part of a comprehensive treatment concept.

In summary, Staphylococcus aureus-associated bacterial conjunctivitis develops through
multi-stage and complex pathogenic mechanisms. A deeper understanding of these processes
provides a critical scientific basis for early diagnosis, assessment of disease severity, and the
development of targeted therapeutic strategies. Ultimately, the issue extends beyond identifying
“which bacterium” is involved; rather, it lies in understanding how it adheres, how it causes
damage, and why it persists despite treatment—the full burden of pathogenesis resides precisely
within this triad.
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