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1. INTRODUCTION 
Biofilms are any group of microorganisms in which 

cells stick to each other on a surface of adherent 

cells are frequently embedded within a self-

produced matrix of extracellular polymeric 

substance (EPS) which is also referred to as slime 

consists of exopolysaccharide and small amount of 

other organic compounds like DNA, proteins, and 

polysaccharides that provides safe environment for 

the growth of microorganisms. [1-2] The concept of 

biofilm is originated in 1947 by Antonie van 

Leuwenhoek, using his primitive but effective 

microscope found aggregates of animalcules. [3]    

  

Formation of bacterial biofilms is a complicated 

phenomenon in which genetic mechanisms and 

various other factors are involved (environmental 

change, nutrients, gene regulation and surface 

attachment). Among these factors characteristics of 

substratum and surface of bacterial cells are most 

important because, there is mounting evidence a 

regulation of genes occurs in the attaching cells 

upon initial interaction with the substratum and the 

surface could be a dead or living tissue, or any inert  

 

 

 

 

surface. [4] The attachment of microbial to the 

surface is a complex process, with many variables 

affecting the outcome and increases as the surface 

roughness increases due to shear forces are less and 

surface area is more on rougher surfaces. [5-6]  

  

Sessile bacterial biofilm cells release antigens and 

stimulate the production of antibodies, but the 

antibodies are not effective at killing bacteria 

within biofilms and may cause immune complex 

damage to the surrounding tissues. [7] Even in 

individuals with excellent cellular and humoral 

immune reactions, biofilm infections are rarely 

resolved by the host defense mechanisms. [8] 

Antibiotic therapy typically reverses the symptoms 

caused by planktonic cells that are released from 

the biofilms but fails to kill them that lead to 

antibiotic resistance. [9]  

 

Bacterial biofilms are responsible for about 80% of 

infectious diseases affecting animals and human 

from those diseases approximately 61% of human 

biofilm infections are zoonotic origin. [10]  
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Article Info 
Bacterial biofilms are aggregation of bacteria, which are organized into structural 

communities and produce exopolysaccharide matrix as a major component for their 

stability. Basic structure of microbial colonies framed in extracellular polymeric substance 

and its development pass through multi step process which involves attachment, growth, 

maturation and expansion which are determined by certain factors. It is composed of bio 

molecules like deoxyribonucleic acid(DNA), protein, lipids and organic substances and 

communicate with each other through a process called quorum sensing. Bacterial biofilms 

have several impacts such as chronic bacterial infection (kidney stones, dental plaque and 

chronic inflammatory infections), contamination of food and water quality and antibiotic 

resistance. This leads to serious problems for living (humans and animals) and non living 

organisms like medical equipment and vents allow group of microscopic organisms to 

persist as reservoirs that can readily cause diseases by directly attacking the body tissues 

which spread to other patients. Several diagnostic techniques are employed in order to 

treatment, prevention and control of biofilm formation and its subsequent health effects. 

Different researches, reviews and awareness creation are needed to be undertaken on the 

bacterial biofilms and their impacts in developing countries, especially in Ethiopia. 
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Their pathogenic role is a well known story in 

human health, because they are involved in chronic 

infections and Biomaterial Associated Infections 

(BAI). [11] Biofilm-associated diseases pose 

serious health challenges to the animal kingdom, 

resulting in high economic losses in the livestock 

industry. [12] The impacts in veterinary medicine 

cannot be ignored since they can be responsible for 

the failure in antibiotic therapy in bacterial 

infections and show a high degree of intrinsic 

resistance to current antibiotics and sanitizing 

agents. [13] 

 

Bacterial biofilms have capability to be formed 

everywhere on the world when every condition is 

favorable for their formation and several impacts 

both on animals and humans. However, there is a 

lack of awareness and no documented information 

on the bacterial biofilms and their impact in 

developing countries. Therefore this paper 

reviewed bacterial biofilms and their impacts in 

humans and animals health.   

 

2. BACTERIAL BIOFILMS AND 

THEIR IMPACTS  

2.1. Bacterial Biofilms 
Biofilms are microbial communities which are 

considered critical for their existence in 

unfavorable conditions. [14] Bacterial biofilms are 

defined as self-regulating group of bacteria which 

have colonized surface organized into a structural 

community, composed of self-created polymeric 

matrix for the enhancement of their growth in the 

environment; these are adhesive to inert and free 

living surfaces. [15-16] 

 

2.1.1. Formation and development of 

biofilm  
The formation of biofilms appears to be an 

important factor in the disease cycle of bacterial 

pathogens in both animals and humans. When a cell 

switches to the biofilms mode of growth, it 

undergoes a phenotypic shift in behavior in which 

large suites of genes are differentially regulated 

because biofilms protect the bacteria from 

deleterious conditions and make them more 

resistant to traditional antimicrobial treatments, 

making them a serious health risk. [17]    

 

Formation of bacterial biofilms is a complex 

phenomenon depends up on several factors. Such 

as, surface proteins, extracellular proteins, capsular 

polysaccharides, adhesins, autolysin, anaerobicity, 

carbon dioxide level, glucose, osmotic levels, pH, 

temperature, the ionic concentration, nutritional 

environment and presence of surfactants influences 

the competence of the microbial biofilms. [18]  

 

The adhesion of microbial biofilms also signify the 

importance of various factors like the nature of the 

cell surface, age of the cell culture, and the type of 

polymeric matrix. These factors indeed decide the 

extent of adhesion of the microorganism to the 

substrate and alterations in these factors can lead to 

desorption of the microbial community which in 

turn influences their productive aspects. [19] 

 

The development of the biofilms can occur on 

almost any surface in any environment in which 

viable microorganisms are present.  

 

In case of majority of microorganisms, the adhering 

to solid substrate, may be animate or inanimate, 

living or dead and/or organic or inorganic forms an 

essential prerequisite to their normal life and 

reproduction. Its formation occurs in a series of 

steps, such as bacterial adhesion/attachment, 

bacterial growth and colonization, biofilm 

maturation and dispersion / detachment. [20] 

 

 Adhesion/Attachment: The first step in the 

biofilms formation which involves the attachment 

of the organism. Bacterial adherence can occur on 

either biotic or abiotic surfaces and their adherence 

to medical implants is mediated by forces like 

electrostatic and hydrophobic interactions, van der 

waals forces and other physiochemical parameters. 

Surface proteins play a vital role in the initial 

attachment of the microorganisms to a solid surface 

under humidified or submerged conditions and they 

are also found as a floating mat on liquid surfaces. 

Surface proteins like Ssp-1 and 2 give rise to 

fimbria like structures that extend from the cell 

surface which is the initial means of attachment. 

[21] 

 

Growth and colonization: In this stage, 

polysaccharide production attaches the bacteria to 

the surface and allows the colonies to grow on the 

surface. The method of colonies growth is the most 

important step in biofilm accumulation. A fully 

developed biofilm contains interstitial spaces that 

separate vertical structures from EPS matrix and 

have a heterogeneous structure that has the 

capability for mass internal transport. [22] 
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Biofilm maturation: After growth and 

colonization, biofilms become matured with well 

defined EPS matrix and vertical structures 

separated by interstitial spaces. [23] It has two 

stages. On stage one, the microbial cells start 

communication with each other by the production 

of auto inducer signals. This results in expression 

of bacterial specific genes and starts to secrete EPS, 

which used to stabilize its network. Then it 

becomes multilayered and the thickness goes up to 

10 micrometer. On the stage two, the size of micro 

colony increases up to 100 micrometer which 

consists of different microbial communities. 

Interaction can get very complex however; they are 

often very coordinated. [24] 

 

Detachment/dispersal: Detachment of cells 

from the biofilms colony and their dispersal into the 

environment mark the final and indeed an essential 

stage of bacterial life cycle; this contributes to 

biological dispersal, microbial survival and disease 

transmission. Like other stages of biofilms 

development, dispersal can be a complex process 

involving numerous environmental signals, signal 

transduction, pathways and effectors. It can also 

occur as a result of a low nutrient condition 

indicating a homeostatic mechanism, which may be 

genetically determined. Therefore, detachment is 

not just important for promoting genetic diversity, 

but also escaping unfavorable habitat aiding in the 

development of new niches. [25] 

 

2.1.2. Composition of the bacterial 

biofilms 
The confocal scanning laser microscope (CSLM) 

has been effectively used to observe the biofilms 

structure. It has revealed that biofilms are 

composed of primarily of micro colonies of 

different species microbial cells (+15% by volume) 

that are separated by water channels, allowing the 

flow of nutrients, oxygen and microorganisms from 

one site to other through fluid circulation and they 

also maintain the hydrated condition which 

provides a natural environment for the survival of 

the enclosed microbial community and matrix 

material (+85%). [17,26]  

 

The primary configuration of the bacterial biofilms 

are determined by the composition and structure of 

the polysaccharides. In addition to polysaccharides, 

it is composed of bio molecules like DNA, protein, 

lipids and organic substances. Many bacterial EPS 

comprises of hexose residues as their backbone 

which tends to make them rigid and in turn results 

in poor solubility. [27]   

 

2.1.3. Quorum sensing   

Bacteria in a community may convey their presence 

to one another by producing, detecting, and 

responding to small diffusible signal molecules 

called auto inducers. [28] This process is quorum 

sensing, a term used to describe intercellular 

signaling in bacteria. Although several quorum-

sensing systems are known, perhaps the two most 

thoroughly described systems are the acyl-

homoserine lactone (acyl-HSL) and peptide-based 

signaling. [29]  

 

The acyl-homoserine lactone (acyl-HSL) systems 

of Gram-negative species in which a single enzyme 

is required for synthesis of the signal from cellular 

metabolites. The peptide-based signaling systems 

of Gram positive species which involves the 

production of small linear or cyclic peptides that 

are translated as a larger pro-peptide inside the cell. 

[30] The other form of quorum sensing mechanism 

employes a family of related molecules termed 

autoinducers-2. This system was found in both 

gram-negative and gram-positive bacteria. [31] 

Signal molecules that function to estimate 

population density could be affected by the 

concentration of a signal molecule, diffusion 

limitation, accessibility to the receptor, degradation 

and production of the same auto inducers. [32] 

 

Quorum sensing has shown to play a significant 

role in the formation of biofilms among pathogenic 

bacteria in regulation of gene expression as well as 

the cell density dependent signaling mechanism. 

[33] Studies have confirmed the importance of 

quorum sensing in increasing the scope of nutrient 

availability and make the bacteria highly competent 

against the other competing bacteria and the 

environment. [34]  

 

2.2. Impacts of Bacterial Biofilms 

2.2.1. Pathogenic effects 
Pathogenic mechanisms of the bacterial biofilms 

have been included: attachment to a solid surface, 

evading host defenses such as phagocytosis, a 

repository of high density of microorganisms, 

exchange genes that can result in more virulent 

strains of microorganisms, production of large 

concentration of toxins, protection from 
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antimicrobial agents and detachment of microbial 

aggregates thereby transmitting microorganisms to 

other sites. [35-36]  

 

Virulence factors are components that enable 

bacteria to infect the host and cause disease which 

can vary widely from classical factors such as 

toxins to metabolic factors that help bacteria to 

obtain nutrition from the host. It is widely accepted 

that through knowledge of the cell-wall-exposed 

proteins on outer surfaces of pathogenic bacteria 

are of great importance in understanding their 

pathogenesis. [37-38] Infection causing rate of 

biofilm is very high, including common problems 

such as urinary tract infections, common dental 

plaque formation, catheter infections and gingivitis. 

It is similar to the way Escherichia coli, 

Staphylococcus aureus, other gram-positive 

pathogens and Heamophilus influenza cause 

biofilms. [39] 

  

Kidney stones: One of the reasons for the formation 

of kidney stones is the impact of biofilm caused by 

bacteria. They cause diseases in kidneys by 

blocking urine flow and causing inflammation that 

can result in kidney failure; these stones are 

generated by the interaction between infecting 

bacteria and mineral substrates that are derived 

from the urine. [40] 

 

Dental plaque: is one of the biofilm infections that 

occur on various surfaces of teeth including tissues, 

gingival crevices, smooth surfaces and stagnant 

sites that result in yellowish color formation. [41] 

 

Chronic inflammatory infections: Scientific 

researches confirmed that chronic inflammatory 

diseases are caused by biofilms originated from 

bacteria in addition to other causes. These diseases 

cause infection by large micro biota of chronic 

biofilms. In recent years, it was found that bacterial 

biofilms result in chronic wounds especially in the 

setting phase of the inflammatory condition of 

wound repair. [42] 

 

2.2.2. Antibiotic resistance  
Antibiotics are widely used for control infections in 

human being and animals, as growth promoters and 

as prophylactic treatment. Thus, it is a priority 

conserves the antibiotic efficacy. [43] Microbial 

biofilms have been associated with a variety of 

persistent infections which respond poorly to 

conventional antibiotic therapy. The biofilms also 

help in the spread of antibiotic resistant traits in 

nosocomial pathogens by increasing mutation rates 

and by the exchange of genes which are responsible 

for antibiotic resistance. [44]  

 

Resistance mechanisms are the means that bacteria 

have to respond to continuously changing 

environment in order to survive. It is the 

description of the relative insusceptibility, viability 

or multiplication of a microorganism, to a certain 

chemical treatment under certain conditions. [45] 

There are three documented types of resistance: 

inherent resistance, also termed natural or intrinsic; 

acquired resistance, due to the occurrence of a 

mutation and usually mediated by plasmids, and 

resistance by adaptation which occurs when a 

community of bacteria acquires resistance to an 

antimicrobial, it may also acquire resistance to 

other antimicrobials of the same type (cross 

resistance). [46] 

 

When compared to their planktonic equivalents, 

biofilm cells are 10-1000 times more resistant to 

antimicrobials. [47] The way how bacterial develop 

resistance is not well understood. But, some 

hypothesis mentioned the function of EPS as a 

polymer that could interact with antimicrobials, 

slowing their activity, before they could reach the 

cells embedded in the matrix. EPS can either bond 

to the antimicrobials, delaying their diffusion, or 

chemically react with them, physiological changes 

due to reduced growth rates and the production of 

enzymes which degrading antimicrobial substances, 

causing their inactivation. [48] 

 

2.2.3. Impacts on feed and water system  
The attachment of the bacteria to the food product 

or the product contact surfaces leads to series 

hygienic problems and economic losses due to food 

spoilage. [49] This consequently, poses a serious 

challenge in the animal and human food industry. 

Common microbial contact surfaces in the livestock 

industry includes, animal feeding troughs, drinkers, 

and other routinely used glass, plastic and 

polypropylene utensils. [50] 

 

Drinking water associated biofilms induce residual 

disinfectants depletion and may cause aesthetic 

problems consisting in color, odour and taste 

degradation due to chemical compounds released. 

This leads to a problem to human and animal health 
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by hosting pathogenic or toxins producing bacteria. 

The great majority of water related health problems 

from biofilms are the result of bacterial 

contamination. [51] Pathogenic bacteria biofilm 

also emerge in drinking water systems by intrusion, 

due to external contamination events in different 

steps of water treatment, storage, transportation, 

cross connections, backflow events, pipe breaks, 

negative pressure, because of improper flushing 

and disinfection procedures. [52] 

 

2.3. Diagnostic Approaches    

Early biofilm formation detection might result in a 

greater success in the treatment, because in long 

standing cases, they may be very damaging and 

may produce immune complex sequelae. [53] 

Diagnostic approach tailored toward identifying 

specific bacteria is the most appropriate for 

microbial biofilm diagnosis. At present, diagnostic 

techniques such as; serology, fluorescent in situ 

hybridization, conventional radiographic 

approaches (computed tomography, magnetic 

resonance imaging and radioinuclide scans), 

polymerase chain reaction (PCR), loop-mediated 

isothermal amplification (LMIA) and other 

molecular technique has shown promising result in 

effectively diagnosing bacterial biofilm diseases. 

[54] However, due to the complex nature of 

biofilm, achieving accurate diagnosis through the 

conventional culture and isolation diagnostic 

method is quite difficult. [55]   

 

Use of non-invasive microscopic imaging 

technique known as laser scanning confocal micro 

endoscopy (LSCM) has been successfully used in 

diagnosis of mucosal bacterial biofilm infection. 

This laser scanning method promotes easy 

observation of biofilm in mucosal biofilm of 

hollow organs such as the lower gastrointestinal 

tract, middle ear and the urinary tract. [56] 

 

2.4. Therapeutic Approaches   
Effective treatment of biofilm infections require 

dual approach through combination of antibiofilms 

and antimicrobial agent. [57] The common 

treatment against persistent infections which are 

produced by biofilm producers (bacteria) is the 

removal of an infected Indwelling Medical Devices 

(IMD) combined with antibiotic therapy. [58] 

Amino imidazole, triazole and tether units together 

form a conjugate which can disperse bacterial 

biofilms without causing bacterial death. Short 

carbon chain molecules (decanol, decanoic acid and 

dodecanol) can inhibit and disrupt biofilms in a 

concentration dependent manner. [59-60] In the 

future, the treatment that inhibits the transcription 

of the biofilm regulatory genes might be able to 

completely inhibit biofilms. [61] 

 

The in vitro use of ultrasound electric fields to 

enhance the penetration of antibiotics through 

microbial biofilms devices, which emit low energy 

surface acoustic waves, electric currents, or pulsed 

ultrasound reduce the colonization of the devices 

and enhance the release of locally applied 

antibiotics. [44] Proteolytic enzyme treatment. e.g., 

alginate lysate in case of the polysaccharide biofilm 

of Pseudomonas aeruginosa. The evaluation of 

newer antibiotics and microbicide immersion 

practices. [59]  

  

The disruption of signaling molecules 

(acylhomoserine lactones) acting as quorum 

sensing systems. These are involved in the biofilm 

architecture and detachment. e.g. palulin and 

penicillin acid, which are secondary metabolic 

products of the Penicillium species, act as quorum 

sensing inhibitors. [62] However, more radical 

therapeutic approach, involving the combination of 

conventional antimicrobial with devices like: 

Ultrasound, which enhances the bacteriocidal 

action of the antimicrobial agent, through passage 

of non-invasive acoustic energy waves through the 

skin to the site of biofilm. [63] Electric current 

synergetic use of low level electric current with 

antibiotics enhances the activity of anti microbial 

which ordinarily are resisted by biofilm organisms. 

[64] 

 

Drug delivery system involves combination of 

antimicrobial drugs with nano-carriers including 

phosphotydylcholine, polyethylene glycerol, 

polyamidoamine and polyacrylate in which 

antimicrobials such as gentamycin, ampicilin and 

ciprofloxacin are encapsulated and used. 

Mechanism of action of nanocarrier is basically 

through prolonging the action of the active 

molecules which has been delivered to the 

appropriate action site. [63] 

 

2.5. Prevention and Control  
Bacterial biofilms development is difficult to be 

controlled because microorganisms in biofilms 

evolve different mechanisms in different 
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environment; however there are effective methods 

which are used to control the formation of biofilm 

by anti microbial agents (antibiotics, oxidants, and 

biocides), surface modifications and electro assisted 

methods can be used to control the bacterial 

adhesion. [65] An effective cleaning and sanitation 

programme, included in the process from the very 

beginning will inhibit both accumulation of 

particulates and bacterial cell on equipment 

surfaces and subsequent biofilm formation. [66]  

 

Silver-containing nanomaterials are now considered 

to be one of the most promising strategies to 

combat bacterial infections related to IMD, such as 

intravenous catheters. Nanoscale materials have 

recently appeared as new antimicrobial agents due 

to their high surface area to volume ratio and 

unique chemical and physical properties. [67] The 

combination of polysaccharide-hydrolysing 

enzymes and oxidoreductases caused both removal 

and inactivation of bacterial biofilms. [68] Another 

interesting possibility for biofilm elimination 

comes from the observation of biofilm self-

destruction. As the oxygen gets depleted by the 

growing biofilm mass, a specific exopolysaccharide 

lyase is induced which digests the biofilm matrix, 

liberating the cells. [69]  

Specifically targeted antimicrobial peptides 

(STAMPs) technique can be used to eliminate 

disease associated organisms while bacteria 

associated with healthy flora are preserved. In this 

technique narrow spectrum molecules called as 

STAMPs are used and have ability to bind with 

selected pathogen identify small molecules that 

antagonize diguanylate cyclase enzyme to inhibit 

biofilm formation. [70-71]  

 

Use of bacteriophage (Biological control) is another 

strategy to control biofilm and related infections. 

[72] Phages release enzymes which help to 

penetrate matrix and degrade the exopolysaccharide 

to destroy the biofilm revealed that phage borne 

depolymerase plays major role in biofilm removal. 

[73-74] Biological control by phage and its 

associated specific polysaccharide depolymerases 

could be used to selectively eliminate particular 

species of bacteria from mixed community 

biofilms. Bacteriophages are viruses that infect 

prokaryotes. They can be used to control biofilms 

when the bacteria are inoculated with compatible 

viruses. Some of these viruses can induce bacteria 

to enter the lysogenic cycle and integrate their 

genetic material in bacteria. The study of phages 

has fundamental importance for the control of 

biofilms because it does not present a risk to human 

and animal health. [75] 

 

3. CONCLUSION  
Bacterial biofilms are the aggregation of bacteria to 

resist unfavorable environmental conditions and 

they need different factors to be aggregated such as 

nutrients, optimum pH, oxygen, water, and 

optimum temperature. Sequences of steps are 

involved in the development of biofilms. They 

produce exopolysaccharide as a major component 

of biofilm matrix which provides protection to the 

bacterial community. It plays a major role in 

different types of persistent infections antibiotic 

resistance and food and water contamination. 

Current diagnostic and therapeutic techniques are 

used as strategies to control and prevent bacterial 

biofilms but, limited due to their complex nature. 

Though the impacts necessitate major concern, 

there is lack of awareness and no documented 

information especially in developing countries.  

 

RECOMMENDATIONS 
 Different researches and reviews to be undertaken 

on the bacterial biofilms and their impacts in 

developing countries, especially in Ethiopia. 

Awareness and different training to be given for all 

concerning bodies including society regarding 

bacterial biofilms and their impacts.  Impacts of 

bacterial biofilms should be prevented by avoiding 

their formation and sterilizing medical instruments 

before using them. Further studies should be 

undertaken on diagnostic and therapeutic 

approaches of bacterial biofilms impacts. 
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