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Abstract: 
Bacterial biofilms are colonies of aggregated bacterial cells that form extracellular matrix polymeric 
substances (EPS) that they create on their own. Biofilms are responsible for bacteria developing resistance 
to antibiotics, resulting in drug resistance in various diseases. This process occurs in a sequence of well-
ordered phases. Biofilms are slow to respond to environmental stressors and thus help microorganisms 
survive in places where they otherwise might not be able to. One of the most serious health problems is the 
development and spread of antimicrobial resistance among bacteria. One way to combat this is through the 
production of bacterial biofilms. This review provides the information regarding biofilm formation, 
composition of microbial biofilm as well as highlights the device and non-device related biofilm 
infections. 
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I. INTRODUCTION 

Biofilms can be formed by multiple 
microorganisms such as Gram-negative and Gram-
positive bacteria (1-4). Biofilms are function to 
protect microorganism from extreme environment 
(5). Biofilms are a good example of ,they can occur 
and grow on minerals, also found underwater ,in 
food processing, obstruction of pipes, plaque build-
up in mouth (6). Additionally, biofilms were  the 
main thing for causing bacteria to become resistant 
to antibiotics, leading to drug resistance of many 
pathogens (7). Because biofilms are exceedingly 
hazardous and have a variety of detrimental 
consequences on human health and related issues, 
analysts have concentrated their efforts on biofilm 
protection and control (8). Biofilms are group of 
microorganisms that live together (8, 9). They have 
a complex surface (polymer) (10, 11). 
Polysaccharides, proteins, and extracellular DNAs 
make up the majority of them (9, 12, 13). The 
bacteria to form biofilms has been demonstrated to 

be a flexible feature of germs (14).  The creation of 
biofilms indicates to be an ancient strategy which 
gives bacteria more possibilities than planktonic 
microorganisms, includes improved growth in 
oligotrophic environments, increased dietary 
resource availability, better survivability against 
biocides, increased production and interactions 
between organisms, also more stable environment 
(15-19). Biofilms protect microorganisms and make 
them more adaptable to their surroundings in 
particular instances (20). Bacterial biofilm 
formation is largely determined by interactions 
between bacteria, substrates, and environment (21, 
22). This paper will describe about bacterial biofilm 
formation, identifies the medical issues related with 
bacterial biofilms. Also, this literature review 
identified the bacterial infection related to biofilms 
as well as device and non-devices infection. 

 
II. FORMATION OF BACTERIAL BIOFILMS  

Bacterial biofilm formation is a multi-stage 
procedure that starts with reversible adherence to 
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surfaces aided by intermolecular force and 
hydrophobicity, then advances to the development 
of (EPS) that allow cells to remain permanently 
adhered to a surface (23-25). Moreover, the biofilm 
development process is divided into five phases: 
Dispersal/detachment, reversible and irreversible 
attachment, EPS synthesis, biofilm maturation (26, 
27). In contrast, on different biofilm phases, the 
expression and regulation mechanisms of different 
species of bacteria are highly varied (28, 29). 
Researchers still have a long way to go before fully 
comprehending the creation mechanism of all 
bacterial biofilms. 

A wide range of strategies have been explored to 
prevent production of potentially hazardous 
biofilms, the most popular of which are interference 
with bacterial adhesion, signal transduction, and 
disruption of biofilm architecture (6). Manipulation 
of adhesion surfaces, quorum sensing (QS) signals, 
and environmental variables can also help in 
beneficial biofilm formation (30). The examination 
into the prevention and control of hazardous 
biofilms which is significantly more extensive than 
research into the creation of helpful biofilms. 

 
III. COMPOSITION OF MICROBIAL 

BIOFILMS  

Biofilm is a specialized collection of 
microorganisms that live in an extracellular 
polymeric matrix and that is irrevocably adhered to 
the fetish or live surface and will not be removed 
unless rinsed immediately (31). Extracellular 
polymeric substance (EPS) are formed during an 
attachment stage of a biofilm to a surface (32). The 
creation of matrix, which gives the bacteria in the 
biofilm more vigor in their contact, determines 
whether a microbial biofilm will grow on solid 
surface (33). The thickness of the EPS matrix is 
typically 0.2–1.0 m, although the biofilm size is 
typically 10–30 nm (34). Microorganisms typically 
make up 5–35 per cent of the biofilm volume, with 
extracellular matrix accounting for the rest. Proteins 
make up a portion or all of the extracellular matrix 
(35, 36). The extracellular matrix creates a 
scavenging system that traps some vital minerals 
and nutrients derived from the surrounding. 
Extracellular polymeric compounds have seven 

different types of components: protein in the 
majority more than 2%; other constituents, 
Polysaccharides 1–2%, RNA and DNA molecules 1% 
per each, ions and water (97%) are among major 
components. The amount of water in a biofilm 
affects the movement of critical nutrients (37-39).  

Biofilm production, according to genetic studies, 
is a multi-step process. It necessitates a specific sort 
of signaling between the microbe cells known as 
quorum sensing. Furthermore, it needs transcription 
of a different set of genes than planktonic forms of 
the same microbial species (40-42). Additionally, 
the biofilm has canals that divide the microcolonies 
(41). The viscoelastic properties of the EPS matrix 
are responsible for the biofilm's mechanical 
stability (43, 44). Biofilm creation is complicated, 
but it follows a few common processes, according 
to different researchers: The phases that follow 
initial contact/attachment to the surface are 
microcolony creation, maturation and construction 
of the biofilm architecture, eventually 
detachment/dispersion of the biofilm. All the  
processes will be shown in detail in the following 
sections (45).  

 
IV. BACTERIAL INFECTION ASSOCIATED 

WITH BIOFILMS 

Bacterial biofilms are thought to be responsible 
for roughly 65 percent of all bacterial infection (46). 
Infections caused by devices as well as infections 
caused by non-devices are included. Device-related 
infection rates have been calculated for a variety of 
devices, including Breast implants are 2%, joint 
prostheses are 2%, mechanical heart valves are 4%, 
ventricular shunts are 10%, pacemakers and 
defibrillators are 4%, and ventricular-assist devices 
are over 40% (47-49). Inflammation caused by 
bacteria is known as native valve endocarditis 
(NVE). Streptococci, Staphylococci, gram-negative 

bacteria,  fungal infections are the most common 
causes (50-54). Microbial cells enter the heart and 
circulatory system via the gastrointestinal tract, 
urinary tract, and oropharynx during this 
inflammation. Even when the immune system has 
removed the bacteria, the undamaged valve 
endothelium is affected by the microorganisms that 
cling to it, resulting in non-bacterial thrombotic 
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endocarditis (NBTE) at a lesion site (55, 56). 
Thrombus forms as a result, with platelets, red 
blood cells, and fibrin clumping together (57, 58). 

 
V. DEVICE-RELATED BIOFILM 

INFECTIONS 
Indwelling medical devices where biofilms might 

grow include contact lenses, prosthetic joints, 
mechanical heart valves, central venous catheters, 
urinecatheters, peritoneal dialysis catheters, 
pacemakers and vocal prosthesis (59-62). A single 
bacteria species can form a biofilm or a variety of 
them. This is dependent on the gadgets and how 
long they are active (63). There are two types of 
contact lenses, soft and hard. Both types of lenses 
are susceptible to microorganisms adhering to them. 
The materials utilized, the frequency with which 
they are disposed of, the wear schedule, and the 
design are used to classify them. Microorganisms 
that adhere to contact lenses include Pseudomonas 

aeruginosa, Staphylococcus epidermidis, Candida, 

Staphylococcus aureus, E. coli , Serratia, and 

Proteus species(64). The amount of water, the type 
of substrate, the concentration of electrolytes, and 
the type of bacterial strain involved, finally lens 
structure determine a degree of adhesion to the 
lenses. Biofilm generated by P. aeruginosa was 
discovered on contact lenses of a keratitis patient 
using scanning electron microscopy (65). On 
contact lenses placed in cases, biofilms are more 
prone to form. As a result, the lens storage 
containers have identified as potentially 
contaminated lens source.  

On central venous catheters, biofilm formation is 
unavoidable, however an extent together with 
location of biofilm formation is determined by the 
length of catheterization. Catheters for a small 
period of time (10 days ), for example, generate the 
amount of biofilm on  exterior surface, but long 
term (30 days) catheters form more biofilm in the 
catheter channel (66). The type of the fluid supplied 
through the central venous catheter may have an 
impact on microorganism proliferation. Gram-
positive bacteria, such as S. epidermidis , do not 
thrive in intravenous fluids, while gram-negative 
bacteria, such as P. aeruginosa, Enterobacter 
species are thrive in fluids (67, 68).  

Prosthetic valve endocarditis is caused by 
microbial cells attaching to biofilm formation on 
mechanical heart valves and adjacent tissues. S. 

aureus, Enterococcus, S. epidermidis, gram-

negative Bacillus, Streptococcus species and 

Candida spp.are bacteria that cause this unpleasant 
condition. Bacteria could have entered the body 
through the skin, other indwelling devices, or dental 
operations (62). At the suture site and on the 
devices, platelets and fibrin build up and might 
cause tissue harm during the surgical implantation 
of prosthetic heart valves. These locations are more 
likely to be colonized by microbial cells (69). 

Urinary catheters are used to monitor urine 
production and excretion during surgery and are 
often composed of silicon or rubber. In the urethra 
and the bladder, urinary catheters are implanted 
(60). They have the option of having a closed or 
open system. An open catheter system drains urine 
through an open collecting center, however there is 
a larger chance of contamination, which can result 
in urinary tract infections (UTI) as a few days. 
Urine is collected in a plastic bag via closed 
catheter devices, which lowers the risk of urinary 
tract infections (59). Microorganisms such as E. 

coli, Enterococcus faecalis, Streptococcus 

epidermidis, Pseudomonas aeruginosa, Proteus 

mirabilis, Klebsiella pneumoniae, and other gram-
negative bacteria constantly contaminate and build 
biofilms on these devices (59, 68).  

 
VI. NON-DEVICE RELATED BIOFILM 

INFECTIONS  
A gum infection is known as periodontitis. Soft 

tissues as well as the bones that support teeth are 
damaged by this illness (70).Typically, It is caused 
by a lack of dental hygiene (70). Periodontitis is 
caused by a variety of bacteria, including Proteus 

aerobicus and Fusobacterium nucleatum(46). 
Although biofilms only occur on the surface of 
mucosal membranes, these microbes also can form 
biofilms on numerous other surfaces, including the 
surface of the oral cavity (71). Invasion of mucosal 
cells, changes in calcium flow in epithelial cells, 
and the release of toxins may all be possible when 
bacteria colonize tooth surfaces and within 2–3 
weeks, a plaque can form (72).  
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Osteomyelitis is a bacterial or fungal infection of 
the bones. Bacteria can infiltrate the bones via 
previous infections ,bloodstream, or trauma (73). 
Microorganisms infect metaphysis of bone when 
they enter the body through the bloodstream. As a 
result, WBCs or white blood cells are drawn to 
infection site, indicating that an infection has 
occurred. WBCs try to phagocytose infections by 
secreting enzymes (74, 75). They may lyse the bone, 
causing pus to collect, and then spread across the 
blood vessels in the bone, blocking appropriate 
blood flow to the affected bone sections, resulting 
in tissue damage and a decline in their capacity to 
fulfil their tasks (73, 76). 

 
CONCLUSIONS 

Bacterial biofilm development takes place in a 
series of well-ordered steps. In both natural and 
man-made contexts, it is the most frequent bacterial 
lifestyle. Bacteria's capacity to colonize surfaces 
and produce biofilms is a severe issue that has been 
linked to negative outcomes in a variety of 
industries, including food, water, pharmaceuticals, 
and healthcare. Various procedures and approaches 
have been developed in order to get rid of 
dangerous biofilms, with the main focus on 
interfering with QS and bacterial attachment, in 
addition to destruction of the biofilm matrix. On the 
other hand, bacterial biofilms have an impact on the 
environment that goes beyond risk. Bacterial 
biofilms can be used for a variety of purposes. 
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