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Introduction
Biofilms, which are complex communities of bacteria encased 
in a self-produced matrix of extracellular polymeric substances 
(EPS), play a critical role in chronic bacterial infections. Unlike 
planktonic (free-floating) bacteria, biofilm-associated bacteria 
exhibit unique characteristics that contribute to the persistence 
of infections, resistance to antibiotics, and evasion of host 
immune defenses. These biofilms form on both living and 
non-living surfaces, ranging from human tissues to medical 
devices, making them a significant concern in healthcare. 
Understanding the role of biofilms in chronic infections is 
essential for developing effective treatment strategies and 
improving patient outcomes [1].

A biofilm is a structured community of bacterial cells that are 
attached to a surface and encased in a self-produced polymeric 
matrix. This matrix is composed of polysaccharides, proteins, 
and nucleic acids, which provide structural support and 
protection to the bacterial cells. Biofilms can form on 
virtually any surface, including teeth (dental plaque), medical 
implants, and wounds. They thrive in moist environments, and 
once formed, biofilms are notoriously difficult to eradicate. 
The ability of bacteria to transition from a free-floating 
(planktonic) state to a biofilm-associated state is a key factor 
in the persistence of chronic infections [2].

Biofilm formation occurs in a series of stages, beginning 
with the attachment of bacterial cells to a surface. This 
initial attachment is often reversible, but as the bacteria 
begin to produce EPS, the attachment becomes more stable. 
The bacteria then multiply and recruit other microbial 
cells, leading to the formation of microcolonies. Over time, 
these microcolonies mature into a fully developed biofilm, 
characterized by a complex three-dimensional structure with 
channels that allow for the exchange of nutrients and waste. In 
the final stage, some bacteria within the biofilm disperse and 
return to a planktonic state, allowing them to colonize new 
surfaces [3].

Biofilms play a central role in chronic bacterial infections 
by protecting the bacteria from host immune responses and 
antibiotic treatments. Chronic infections, such as those 
associated with cystic fibrosis, chronic wounds, urinary tract 
infections, and prosthetic joint infections, are often linked 
to biofilm formation. In these infections, biofilms create 
a physical barrier that prevents the immune system from 
effectively clearing the bacteria. Additionally, bacteria within 

biofilms exhibit reduced metabolic activity, which makes 
them less susceptible to antibiotics that target actively dividing 
cells. This combination of immune evasion and antibiotic 
resistance contributes to the persistence and recurrence of 
chronic infections [4].

One of the most significant challenges posed by biofilms 
is their inherent resistance to antibiotics. Bacteria within 
biofilms can be up to 1,000 times more resistant to antibiotics 
than their planktonic counterparts. This resistance is due to 
several factors. First, the EPS matrix acts as a physical barrier 
that limits the penetration of antibiotics into the biofilm. 
Second, bacteria within biofilms often enter a dormant state, 
which makes them less susceptible to antibiotics that target 
actively dividing cells. Finally, biofilms promote the exchange 
of genetic material, including genes that confer antibiotic 
resistance, further enhancing the bacteria's ability to withstand 
treatment [5].

In addition to their resistance to antibiotics, biofilms also 
help bacteria evade the host immune system. The EPS matrix 
provides physical protection from immune cells, such as 
neutrophils and macrophages, which are responsible for 
engulfing and destroying bacteria. Furthermore, biofilms can 
suppress immune responses by producing signals that inhibit 
the activity of immune cells. This immune evasion allows 
biofilm-associated bacteria to persist in the host for extended 
periods, leading to chronic infections that are difficult to 
resolve. In some cases, biofilms can also cause persistent 
inflammation, contributing to tissue damage and disease 
progression [6].

Biofilm formation on medical devices, such as catheters, 
prosthetic joints, and heart valves, is a major concern in 
healthcare. These biofilms can lead to device-related infections 
that are difficult to treat and often require the removal of the 
infected device. For example, biofilm formation on urinary 
catheters can lead to recurrent urinary tract infections, 
while biofilms on prosthetic joints can cause persistent joint 
infections that may require surgical intervention. The ability 
of bacteria to form biofilms on these devices underscores 
the importance of developing strategies to prevent biofilm 
formation and improve the management of device-related 
infections [7].

Cystic fibrosis (CF) is a genetic disorder that affects the lungs 
and digestive system, leading to the accumulation of thick, 
sticky mucus. This mucus provides an ideal environment 
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for the formation of bacterial biofilms, particularly by 
Pseudomonas aeruginosa, a common pathogen in CF patients. 
The biofilms formed by P. aeruginosa in the lungs of CF 
patients contribute to chronic lung infections that are resistant 
to both antibiotics and immune responses. These infections 
cause progressive lung damage and are a major cause of 
morbidity and mortality in CF patients. Understanding the 
role of biofilms in CF is crucial for developing new treatments 
to combat these persistent infections [8].

Given the challenges posed by biofilms in chronic infections, 
researchers are exploring new strategies to disrupt biofilm 
formation and enhance the efficacy of antibiotics. One 
approach is the development of anti-biofilm agents that can 
degrade the EPS matrix, allowing antibiotics to penetrate the 
biofilm more effectively. Enzymes such as DNase, which 
breaks down the extracellular DNA in biofilms, have shown 
promise in disrupting biofilms. Additionally, researchers 
are investigating the use of quorum-sensing inhibitors, 
which target the communication systems that bacteria use 
to coordinate biofilm formation. By interfering with these 
signals, it may be possible to prevent biofilm formation and 
enhance the effectiveness of antibiotic treatments [9].

Chronic wounds, such as diabetic foot ulcers and pressure 
sores, are often complicated by biofilm formation. In these 
wounds, biofilms can delay healing by promoting persistent 
inflammation and protecting the bacteria from immune 
responses and antibiotics. The presence of biofilms in chronic 
wounds has been associated with increased wound size, 
delayed healing, and a higher risk of complications such as 
sepsis. Treating biofilm-associated infections in chronic 
wounds requires a multifaceted approach, including wound 
debridement to remove biofilm-infected tissue, the use of 
anti-biofilm agents, and the application of antibiotics or 
antimicrobial dressings [10].

Conclusion
As our understanding of biofilms continues to grow, new 
approaches for preventing and treating biofilm-associated 
infections are emerging. One promising area of research is the 
development of materials that are resistant to biofilm formation, 
which could be used to coat medical devices and reduce the 
risk of device-related infections. Additionally, advances in 
nanotechnology are being explored for delivering antibiotics or 
anti-biofilm agents directly to biofilms, potentially improving 
the effectiveness of treatments. Continued research into the 

mechanisms of biofilm formation, antibiotic resistance, and 
immune evasion will be critical for developing new strategies 
to combat chronic bacterial infections.
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