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Introduction
Bacterial adhesion plays a crucial role in various fields, including 

biomedical engineering, environmental science and food safety. 
Understanding this process is essential for developing effective antimicrobial 
strategies and optimizing biocompatible materials. One promising approach to 
controlling bacterial adhesion is the use of Polyelectrolyte Multilayers (PEMs). 
These thin films, created from alternating layers of positively and negatively 
charged polymers, can be engineered to exhibit specific properties that 
significantly influence bacterial interactions. The versatility of PEMs allows 
for the manipulation of parameters such as polymer type, layer thickness, 
charge density and surface topography, enabling the creation of tailored 
surfaces that either promote or inhibit bacterial adhesion [1]. This capability 
opens new avenues for enhancing medical device performance, reducing 
biofilm formation and improving the hygiene of food processing surfaces. 
The adhesion of bacteria is a multifaceted phenomenon influenced by factors 
including electrostatic interactions, hydrophobicity and surface roughness. 
Recent studies have shown that the physical and chemical characteristics 
of PEMs can modulate these factors, thereby impacting bacterial behavior. 
For instance, the incorporation of antimicrobial agents within PEMs can 
significantly reduce bacterial adhesion and biofilm formation, while certain 
surface properties can enhance adhesion for applications like biosensors. 
This review aims to synthesize current knowledge on how the characteristics 
of polyelectrolyte multilayers influence bacterial adhesion potential, exploring 
the mechanisms underlying bacterial adhesion, the methods of fabricating 
PEMs and the relationship between PEM properties and bacterial behaviour 
[2].

Description 
Bacterial adhesion is a complex process that initiates with the attachment 

of bacteria to surfaces, which can subsequently lead to irreversible adhesion, 
biofilm formation and microbial growth. This process is influenced by various 
environmental factors, such as pH, ionic strength and nutrient availability. 
Initially, bacterial adhesion involves weak interactions like van der Waals 
forces and electrostatic interactions while the later stages are marked by the 
secretion of Extracellular Polymeric Substances (EPS), which stabilize the 
attachment and facilitate biofilm development. The mechanisms of bacterial 
adhesion can be categorized into reversible and irreversible adhesion phases. 
Reversible adhesion is characterized by weak, non-specific interactions 
influenced by surface charge and hydrophobicity. In contrast, irreversible 
adhesion occurs after initial contact, often leading to physiological changes 
in the bacteria that promote stronger attachment through EPS production [3].

Polyelectrolyte multilayers, fabricated through a layer-by-layer assembly 

technique, allow for precise control of film thickness and composition. The 
fabrication process typically includes surface preparation, layer deposition 
using techniques like dip-coating or spin-coating and optional crosslinking 
to enhance stability. The resulting PEMs exhibit unique surface properties, 
including controlled charge density, hydrophilicity/hydrophobicity and 
roughness, all of which significantly influence bacterial adhesion. Key factors 
affecting this interaction include charge density, hydrophilicity/hydrophobicity, 
surface roughness and the incorporation of antimicrobial agents. Higher charge 
density in PEMs can enhance electrostatic attraction with negatively charged 
bacterial surfaces, potentially increasing adhesion. Conversely, neutral or 
repulsive surfaces may deter attachment. Hydrophilic surfaces generally 
exhibit lower bacterial adhesion, while hydrophobic surfaces may promote it 
through increased van der Waals interactions. Surface roughness can provide 
additional area for bacterial colonization, whereas smoother surfaces can 
reduce adhesion. Additionally, incorporating antimicrobial agents into PEMs 
can actively inhibit bacterial adhesion and biofilm formation, particularly 
crucial in biomedical applications where infection prevention is vital [4].

PEMs find applications across various sectors for managing bacterial 
adhesion, such as in biomedical devices, where antimicrobial coatings aim 
to reduce infection risk and enhance biocompatibility. In the food industry, 
surfaces can be engineered to minimize bacterial adhesion, improving 
hygiene and safety. Similarly, in water treatment, PEMs can be utilized in 
filtration systems to reduce biofouling, thereby enhancing the efficiency and 
lifespan of water purification technologies [5]. 

Conclusion
The characteristics of polyelectrolyte multilayers have a significant impact 

on bacterial adhesion potential. By understanding the underlying mechanisms 
and tailoring PEM properties, surfaces can be designed to effectively promote 
or inhibit bacterial attachment, with important implications across multiple 
sectors. Ongoing research in this area continues to unveil novel strategies for 
controlling bacterial adhesion through advanced materials. The integration of 
smart materials that respond to environmental stimuli or the incorporation of 
targeted antimicrobial agents into PEMs represents promising directions for 
future studies. Leveraging the unique properties of polyelectrolyte multilayers 
will enable the development of innovative solutions to combat bacterial 
adhesion and biofilm formation, ultimately improving health outcomes and 
ensuring safety in diverse applications.
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