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Introduction

This article investigates the complex interplay between biofilms and the host im-
mune system in the context of chronic wound infections. It highlights how biofilms,
structured communities of bacteria encased in an extracellular matrix, actively
evade immune detection and clearance mechanisms. The review details the
molecular strategies employed by biofilms, such as the production of quorum sens-
ing molecules and biofilm-associated enzymes, that directly modulate immune cell
function and inflammatory responses. Furthermore, it discusses the consequences
of these interactions, leading to persistent inflammation, impaired wound healing,
and increased antimicrobial resistance [1].

This research delves into the mechanisms by which Staphylococcus aureus
biofilms subvert neutrophil functions during wound infection. It identifies spe-
cific virulence factors secreted by the bacteria that inhibit neutrophil chemotaxis,
phagocytosis, and reactive oxygen species production. The study underscores the
critical role of these immune-evasive tactics in establishing persistent infections
and hindering effective host defense. The findings point to potential therapeutic
targets within these interaction pathways [2].

This review examines the impact of Pseudomonas aeruginosa biofilms on
macrophage polarization and function in the context of diabetic foot ulcers. It
explains how bacterial quorum sensing signals and secreted proteases can pro-
mote an anti-inflammatory M2 macrophage phenotype, thereby suppressing the
pro-inflammatory response necessary for pathogen clearance and tissue repair.
The article emphasizes that this immune dysregulation contributes significantly to
the chronicity of these wounds [3].

This study investigates the role of the extracellular matrix produced by Klebsiella
pneumoniae biofilms in evading complement-mediated killing and antibody op-
sonization. The authors demonstrate how specific exopolysaccharides within the
biofilm matrix can bind to host immune proteins, preventing their access to bacte-
rial cells. This highlights a physical barrier mechanism that contributes to immune
evasion and persistent infection in chronic wounds [4].

This paper explores the chronic inflammatory milieu established by mixed-species
biofilms in chronic wounds and its impact on tissue regeneration. It discusses
how bacteria within these complex communities can trigger sustained release of
pro-inflammatory cytokines, leading to excessive matrix metalloproteinase activity.
This ultimately results in the degradation of essential extracellular matrix compo-
nents required for wound healing, perpetuating the chronic infection state [5].

This article examines the role of quorum sensing signaling molecules produced by
bacterial biofilms in modulating the host's adaptive immune response. It presents
evidence that these molecules can interfere with T-cell activation and differentia-

tion, potentially leading to a weakened and ineffective adaptive immune surveil-
lance against biofilm-associated pathogens in chronic wounds [6].

This study focuses on the biofilm matrix's protective role against antimicrobial
agents and how this impacts immune cell accessibility. The authors demonstrate
that the dense matrix physically impedes the penetration of neutrophils and an-
timicrobial peptides, creating a sanctuary for bacteria within chronic wounds. This
immune exclusion is a key factor in treatment failure and persistent infection [7].

This research investigates the specific inmune signaling pathways that are dys-
regulated by Acinetobacter baumannii biofilms in chronic wound settings. The find-
ings indicate that the bacteria can interfere with cytokine signaling cascades, lead-
ing to an impaired inflammatory resolution and a prolonged catabolic state detri-
mental to wound healing. The study suggests potential targets for immunomodu-
latory therapies [8].

This review critically assesses the contribution of biofilm-associated persister cells
to the recalcitrance of chronic wound infections against host immunity and an-
tibiotics. It explains how these dormant cells within biofilms are inherently less
susceptible to immune clearance and antibiotic treatment, leading to relapse and
chronicity. The article emphasizes the need for strategies that target persister cells

[9].

This study examines the impact of biofilm EPS (extracellular polymeric sub-
stances) on the inflammatory response of fibroblasts in chronic wound models.
The researchers found that EPS can modulate fibroblast activation, leading to al-
tered cytokine production and impaired extracellular matrix remodeling. This sug-
gests that EPS directly contributes to the dysregulated wound healing environment
characteristic of chronic infections [10].

Description

The complex interplay between bacterial biofilms and the host immune system is
a central challenge in managing chronic wound infections. Biofilms, characterized
by their structured communities encased in an extracellular matrix, possess so-
phisticated mechanisms to evade immune detection and clearance. These strate-
gies include the production of quorum sensing molecules and biofilm-associated
enzymes, which actively modulate immune cell function and inflammatory re-
sponses, thereby contributing to persistent inflammation, delayed wound healing,
and increased antimicrobial resistance [1].

Specific bacterial species, such as Staphylococcus aureus, have evolved distinct
virulence factors within their biofilms to subvert critical neutrophil functions. These
factors can inhibit neutrophil chemotaxis, phagocytosis, and the production of re-



Torres M.

J Microb Path , Volume 9:6, 2025

active oxygen species, thereby creating an environment conducive to persistent
infection and compromising effective host defense. Understanding these mecha-
nisms is crucial for identifying potential therapeutic targets [2].

In the context of diabetic foot ulcers, Pseudomonas aeruginosa biofilms signif-
icantly influence macrophage polarization and function. Through bacterial quo-
rum sensing signals and secreted proteases, these biofilms can promote an anti-
inflammatory M2 macrophage phenotype. This shift suppresses the essential pro-
inflammatory response required for pathogen clearance and tissue repair, high-
lighting a critical pathway leading to wound chronicity [3].

The extracellular matrix produced by Klebsiella pneumoniae biofilms plays a vi-
tal role in evading host immune responses. Specific exopolysaccharides within
this matrix can bind to host immune proteins, including complement factors and
antibodies, physically preventing their access to bacterial cells. This physical bar-
rier is a key mechanism contributing to immune evasion and the establishment of
persistent infections in chronic wounds [4].

Mixed-species biofilms in chronic wounds create a sustained inflammatory milieu
that severely impacts tissue regeneration. The bacteria within these complex com-
munities can trigger the continuous release of pro-inflammatory cytokines, leading
to an overactivation of matrix metalloproteinases. This enzymatic activity results
in the degradation of crucial extracellular matrix components essential for wound
healing, thereby perpetuating the chronic infection [5].

Quorum sensing signaling molecules produced by bacterial biofilms exert a consid-
erable influence on the host's adaptive immune response. These molecules have
been shown to interfere with T-cell activation and differentiation, potentially lead-
ing to a blunted and ineffective adaptive immune surveillance. This compromised
immune response is a significant factor in the persistence of biofilm-associated
pathogens in chronic wounds [6].

The dense extracellular matrix of biofilms serves as a protective shield not only
against antimicrobial agents but also against immune cell infiltration. This physi-
cal impediment prevents neutrophils and antimicrobial peptides from reaching the
bacteria within the biofilm structure, creating a sanctuary for pathogens. This im-
mune exclusion is a primary driver of treatment failure and persistent infections in
chronic wounds [7].

In chronic wound settings, Acinetobacter baumannii biofilms have been observed
to dysregulate specific host immune signaling pathways. These bacteria can in-
terfere with crucial cytokine signaling cascades, resulting in an impaired inflam-
matory resolution and a prolonged catabolic state that is detrimental to the wound
healing process. Identifying these dysregulated pathways opens avenues for im-
munomodulatory therapies [8].

Biofilm-associated persister cells represent a significant barrier to overcoming
chronic wound infections, both in terms of host immunity and antibiotic efficacy.
These dormant cells within biofilms are inherently less susceptible to immune
clearance and conventional antibiotic treatments, leading to recurrent infections
and chronicity. Strategies specifically targeting these persister cells are therefore
essential [9].

The extracellular polymeric substances (EPS) produced by wound biofilms play a
direct role in modulating the inflammatory response of fibroblasts. These EPS can
alter fibroblast activation, leading to changes in cytokine production and impaired
extracellular matrix remodeling. This modulation by EPS directly contributes to the
dysregulated wound healing environment characteristic of chronic infections [10].

Conclusion
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Chronic wound infections are often perpetuated by bacterial biofilms, which employ
sophisticated strategies to evade host immune responses. Biofilms create a pro-
tective matrix that hinders immune cell access and function, while also producing
molecules that suppress inflammatory processes and disrupt adaptive immunity.
Specific bacteria like Staphylococcus aureus, Pseudomonas aeruginosa, Kleb-
siella pneumoniae, Acinetobacter baumannii, and those forming mixed-species
communities utilize virulence factors, quorum sensing signals, and extracellular
polymeric substances to establish persistent infections. These interactions lead
to chronic inflammation, impaired tissue regeneration, and increased resistance
to antibiotics. Furthermore, biofilm persister cells add to the recalcitrance of these
infections. Understanding these multifaceted interactions is crucial for developing
effective therapeutic strategies.
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