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Abstract: Pseudomonas aeruginosa is an opportunistic pathogen, gram-negative bacteria, able to colonize such 

injuries, gammaproteobacterium, found in different environmental such as soil and water. The sepsis of burn wounds 

causing a morbidity and mortality are complex microenvironments where infections by bacterial pathogens such 

as P. aeruginosa. The P. aeruginosa pathogenicity is intercede by its capacity to produce a big range of virulence factors 

which include biofilm formation and it is have resistance to antibiotics, environmental stresses and disinfectants, and 

heavy metals. The losses of the skin barrier and tissue destruction are part of the most devastating form of trauma and 

require medical care to maintain homeostasis. 
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INTRODUCTION 
A Gram-negative rod classified to the Pseudomonadaceae family by the name of Pseudomonas, it is moving by 

polar flagella. (Garrity et al., 2005). Pseudomonas aeruginosa became a significant cause in wound and burn infections 

as well as severe mortality in burn patients. These bacteria's virulence traits include their ability to form biofilms, their 

potential to harbor genes for antibiotic resistance, and their quick motility both in vivo and in vitro. (Al-Zubaidi et al., 

2015) from most habitats, such as soil, plants, and mammal tissue, pseudomonas aeruginosa can be isolated from it 

(Stover et al., 2000). This bacterium utilizes its potent binding components, such as flagella, pili, and biofilms, to thrive 

in water, on various surfaces, and on medical equipment (Remold et al., 2011). Biofilms facilitate a diversity of cell-cell 

interactions by bringing microbes into close proximity and they allow bacteria to resist predation by protozoa, infection 

by bacteriophages, and a variety of physical and chemical stresses, including nutrient limitation, desiccation, and shear 

forces (Davey and O’toole, 2000) Microbes living in tightly clustered, slowly growing microcolonies and encased in a 

matrix made of a protective biopolymer make up biofilms. The pattern life of microorganisms develop the levels are 

higher of immune system and antibiotic resistance (Ciofu and Tolker-Nielsen T) (2019) In both clinical settings and 

experimental models, the effects of P. aeruginosa infection on wound chronicity have been thoroughly characterized 

(Høgsberg et al., 2011). In spite of antibiotic therapy and persistent stimulation of the host response, biofilm is now 

frequently acknowledged as The essential source of chronic infections (Høiby et al., 2011). 

 

Pathogenicity of Pseudomonas aeruginosa 

One of the most prevalent and dangerous diseases brought on by pathogens is burn infections, primarily gram-

positive and gram-negative bacteria, (Ahmed and Israa, 2018). The complication of bacterial infection within the burn 

wound, which may result in more serious disease states, including sepsis, is one of the biggest issues facing the burn 

clinic (Brandenburg et al., 2019). One of the main pathogens causing localized and systemic infections in various patient 

populations is an opportunistic Gram-negative bacterium named (Greenhalgh, 2017). Localized infections at various 

body regions, such as pneumonia caused by a ventilator and urinary tract infection, or wound infections, can spread 
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systemically by P. aeruginosa (Bassetti et al., 2018). At this time, injury burn septic is the major factor in illness rate and 

Death rate following injury burn. Pseudomonas aeruginosa, Staphylococcus aureus, and Acinetobacter baumannii 

infections are well-known bacteria that prevent patient recovery and can even be fatal (Gonzalez et al., 2016). When the 

target is the extracellular matrix, a number of virulences may produce pathogenicity that promotes adhesion and/or 

interferes with host cell signaling pathways, P. aeruginosa has the ability to infect an organism and its immune system 

with a number of diseases, making infections nearly tough to enucleate (Skariyachan et al., 2018). Exotoxin A, Alginate, 

Type III Secretion System, Lipopolysaccharide, Flagellum, Type IV Pili, Proteases, and Quorum Sensing, and others are 

among the virulence factors that contribute to pathogenicity. Secretion Systems Type VI, Biofilm Formation, and in the 

Air Oxidant Generation. These are significant virulence agents that affect the immune system in a variety of ways. Burn 

sick quickly pick up a variety of pathogens from their skin and surroundings, and if they are hospitalized for treatment, 

they are very likely to pick up MDROs and HAIs from hospital surfaces, patients, personnel, and equipment. Infections 

caused by biofilm are prevalent in burn sick, Stewart and Parker (2019). 

 

Epidemiology of Pseudomonas aeruginosa 

The nosocomial infections are causing by P. Aeruginosa which estimation for 11.8% to 13.8% of it (Kim et al., 

2000). Accountable for an high proportion of nosocomial infections are P. aeruginosa in critical care units (ICUs), with 

range of 13.2-22.6% observed (Lizioli, et al., 2003) P. aeruginosa has been found to be a significant pathogen in burn 

victims in numerous investigations. According to microbiological monitoring, the first week of hospitalization is when P. 

aeruginosa colonization of burn wounds occurs most frequently (Erol, et al., 2004) P. aeruginosa is frequently specified 

as a common isolate infectious in burn units, and it calculation for a significant portion of the recorded infections wound, 

bacteremia, and VAP in these units, but patterns differ between centers (Yildirim, et al., 2005). Exposure to P. 

aeruginosa is virtually impossible to avoid it because it can be found wherever. An inanimate can be present on items 

like hospital wards, sinks, toilets, bath room, and patient care apparatus, particularly respiratory ventilators, because it is 

nonfastidious and has minimal nutritional requirements. Even the surfaces of fresh produce could be host to P. 

aeruginosa. The microbes have a special fondness for water, and then could be had isolated from hot tubs, cosmetics, 

contact lens solutions, soaps and disinfectants. Although a minor component of the typical flora of humans, it is often 

frequently seen at trace quantity in the gastrointestinal tract. It perhaps temporarily colony diversity of surfaces skin 

moist, such as aperineum, area under an arm. It has been demonstrated that P. aeruginosa may also invade the throat and 

nose (Kiskaand Gilligan, 2003). 

 

Biofilm production of Pseudomonas aeruginosa 
The extracellular matrix components produced by biofilms, which are concentrated collections of cells, keep the 

colonies jointly. The pattern of biofilm is growth enables remain cells for close to nourishment, encourages genetic 

material interchange, and shields cells from various chemical and environmental challenges, such as phagocyte 

engulfment (Davey et al., 2000). A biofilm is made up of itself-excrete core of protein and three exopolysaccharied that 

serve as its main structural constituents. They perform a variety of biological tasks, notably when it comes to the human 

immune system and protecting the bacterial cell from drugs (Al-Wrafy et al., 2017) Sedimentary communities of 

microorganisms called biofilms are contained by a slimy extracellular polysaccharide matrix that the bacteria themselves 

create. Effective defenses against antimicrobial agents are provided by biofilms (Davey et al., 2000) Pseudomonas 

aeruginosa biofilm is a significant virulence factor that contributes to drug resistance and chronic burn wound infections. 

Existing antimicrobial drugs must be made more effective while also destroying biofilms in burn wounds and combating 

P. aeruginosa (Banaret al., 2016) cultivate-linked infections andnumerous of tissue are caused by biofilms. Dental caries, 

periodontitis, otitis media, chronic sinusitis, chronic wound alterations, musculoskeletal infections (osteomyelitis), biliary 

tract infections, bacterial prostitutes, native valve endocarditic, and infections brought on by medical devices are among 

the infections linked to biofilms (Tuon et al., 2022). Exopolysaccharied (EPS) serves as a matrix around bacteria in a 

biofilm to ensure that they are protected from the microbial truculence of the environment external or internal. Biofilms 

are societies of microorganisms adhering to a living or non-living surface. For result, when P. aeruginosa is exposed to 

situation of stress, the development of biofilms is frequently linked to stronger antimicrobial resistance than the 

planktonic form and helps evade the host immune response (Skariyachan et al., 2018). Additionally, biofilm bacteria 

display altered growth and gene transcription phenotypes (Pedrosa et al., 2018). The ability of P. aeruginosa to build 

biofilms on abiotic and biotic surfaces is a significant factor increasing the pathogenicity of the organism and its ability 

to cause deadly infections (Karatuna and Yagci, 2010). Compared to their plank tonic counterparts, bacteria groups in 

biofilms are typically too resistant to antibacterial drugs and techniques of host-intermediate is clearance, leading to 

frequent infections that are highly challenging to treat (Mah et al., 2003). Extracellular polymeric matrices are made by 

bacterial cells that develop in biofilms and hold the biofilm community's cells together. Polysaccharides play a crucial 

role in the biofilm matrix's general structure and the resistance of the bacteria that have developed there to some 

antibacterial agents (Wozniak et al., 2003). The purpose of this research is to determine which P. aeruginosa isolates can 

form biofilms and produce pyocyanin. Five developmental steps make up the intricate process of P. aeruginosa biofilm 

formation, which normally takes place in favorable environmental factors and involves several genes and regulatory 

processes (Harshey 2003) as in figure 1. 
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Figure 1: Life cycle of biofilm. 

 

Pseudomonas aeruginosa virulence factors: 

Pseudomonas aeruginosa is a common bacterium that can be found in soil, water, and other environmental 

niches. It so become serious infections of plants, mammals, and other animals since it is an opportunistic pathogen (Silby 

et al., 2011). The ability of P. aeruginosa to create a wide variety of virulence factors and its inherent resilience to 

stressors environments and factors of xenobiotic including antibiotics, antiseptic, and heavy metals both contribute to the 

pathogenicity of the organism (Perron et al., 2004). The blue pigment pyocyanin, one of the main virulence agents 

generated, causes proinflammatory activity (Moura et al., 2014) and Pyoverdine, a siderophore include iron chelation and 

conquest, is a QS-independent controlled pigment (Schalk et al., 2008). Additionally, the protease and elastase, which is 

produced, primarily aids in the breakdown of the host tissues' elastin (Yang et al., 2015). Phenazines are the most 

significant of the extra-cellular pigments that the Genus Pseudomonas generates. The formation bydyes of soluble 

pyocyanin, phenazine molecule is a water-soluble blue-green, Pseudomonas aeruginosa's most distinctive property. 

Pyocyanin had used as a reversible pigment with a redox potential akin to menaquinone since the beginning (Ohfuji et 

al., 2004), The Type III Secretion System's agents of virulence offer a diversity of secretion systems, at least four of them 

are probably involved in virulence (Type I, II, III, and IV). One of the most intriguing virulence factors, the T3SS 

involves a flagellum-basal body-related mechanism for delivering proteins directly from P. aeruginosa's cytoplasm into 

the cytosol of host cells. This mechanism causes damage to the host tissues, which encourages immune avoidance and 

bacterial dissemination (Frank, 1997). The causes of virulence Proteins including lipase, phospholipase, alkaline 

phosphatase, and protease are secreted into the extracellular environment using Type II secretion mechanisms, which use 

a pilus-like apparatus.virulence component of "cell-to-cell" Bacterial its connectionby diffusible chemical molecules 

which known as quorum sensing. To cause expression of a big regulon, the Quorum must produce an adequate quantity 

of a secreted signal molecule known as an autoinducer (Pearsonet al., 2001). acyl-homoserine lactones (AHL) and 

bacteria Gram-negative use the most prevalent type of autoinducers. The mechanism can easily pass through bacterial 

membranes. Oxohexanoyl-homoserine lactone and butanoyl-homoserine lactone are AHL pointproduct by P. aeruginosa 

(Hirakawa et al., 2013). P. aeruginosa produces pyocyanin (1-hydroxy-5-methyl-phenazine), a distinctive blue redox-

effective secondary metabolite that is chloroform-soluble and a part of the tricyclic complex "phenazine" (Ran et al., 

2003). The creation of blue pus is one of the most crucial signs of serious infections brought on by these 

bacteria.produced of Pyocyanin was determineto all the sixty-three isolates on King's B medium (King et al., 1954) and 

Mueller-Hinton agar media by streaking the overnight culture then incubation at 30°C for twenty-four hours. 

 

Pseudomonas aeruginosa that effect on immune system 

Microbes living in tightly clustered, slowly expanding microcolonies and encased in a matrix made of a 

protective biopolymer make up biofilms. The microorganisms in this life mode develop the highest levels of resistance 

against the immune system and our current selection of medications (Hall et al., 2017 & Ciofu et al., 2019). Due to the 

prolonged nature of biofilm-associated infections, the inflammatory state brought on by biofilm uncommonly entails 

activation of both the innate and adaptative immune response. P. aeruginosa causes a number of persistent biofilm 

infections, including pneumonia connected to ventilators with tracheal tubes, chronic wound infections, urinary tract 

infections with or without catheters, and cystic fibrosis (CF) lung infections (Hoiby et al., 2015). Neutrophils, 



 

Firas Nabeeh Jaafar et al., South Asian Res J Bio Appl Biosci; Vol-5, Iss-2 (Mar-Apr, 2023): 15-21 

© South Asian Research Publication, Bangladesh            Journal Homepage: www.sarpublication.com  18 

 

macrophages, dendritic cells, natural killer (NK) cells, and the complement system make up the majority of the innate 

immune response that is activated in response to P. aeruginosa biofilm (Jensen et al., 2007). The LPS is the main 

element of P. aeruginosa's outer membrane. Bacterial LPS normally consists of a non-repeating core oligosaccharide, a 

distal polysaccharide or O-antigen), and a hydrophobic domain known as lipid A (or endotoxin) (PierGB; Ramphal R. 

2005). Acquired (or adaptive) immune systems and the host's innate (TLR4, NLRP1, NLRP2, and NLRP3) are both 

significantly activated by LPS. This leads to dysregulated inflammatory responses that eventually increase morbidity and 

mortality (Mandell et al., 2009). P. aeruginosa is a Gram-negative bacterium that can cause a number of opportunistic 

illnesses, especially in immunocompromised patients. These illnesses include dermatitis, urinary infections, and a wide 

range of systemic infections, particularly in hospitals (Haüsslerand Becker, 2008). Due to its high level of genetic 

flexibility and ability to modify its phenotype, P. auruginosa is pathogenic. This bacterium produces more virulence 

factors and becomes more pathogenic. When P. aeruginosa is exposed to stressful situations, alterations is occurs in its 

growth mode result, which produces biofilms. Thus, by encouraging the communities of bacterial growth as a whole, 

biofilms give the technique of adaptive species, the ability to adapt and build resistance to pharmaceutical industry-

developed antibiotics, as well as the creation of genes involved in antimicrobial defense and signaling molecules that 

regulate biofilm activity (Davies J; Davies D. 2010). Physical barriers against invasive pathogens are provided by skin 

and mucosa, which they a component of the non-specific innate immune system. Burns or wounds damage the barrier 

and impair the immune system, allowing opportunistic bacteria to infect the body (Kindt et al., 2007). Host immune 

responses during infection must be launched by Pattern Recognition Receptors upon recognition of Pathogen Associated 

Molecular Patterns (PAMPs). Flagellin and LPS are the two main PAMPS that are identified by Toll-Like Receptor 

(TLR) 5 and TLR4, respectively, in P. aeruginosa infections (Lavoie et al., 2011). 

 

Antibiotic resistant of Pseudomonas aeruginosa  

One common bacteria that causes nosocomial infections, especially in burn patients, is pseudomonasaeruginosa 

(Church et al., 2006). P. aeruginosa infections are notoriously difficult to treat due to the organism's inherent resistance 

to a wide range of medication classes and its ability to develop resistance to all available medicines (Pirnay et al., 2003). 

Multidrug-resistant Pseudomonas aeruginosa (MDRPA) isolates have been reported in numerous studies; these isolates 

are typically resistant to aminoglycosides, carbapenems, antipseudomonal penicillins, quinolones, and cephalosporins 

(Falagas et al., 2006). The therapy standard for bacterial infections that the immune system is cannot to contain and 

eliminate is antibiotics. Each family of antibiotics has a unique bactericidal mode of action (MoA), such as! 

Cephalosporins (Cefalexin or Cefradine) and beta-lactams (Penicillin and Amoxicillin) prevent the formation of bacterial 

cell walls.Gentamicin and tobramycin are aminoglycoside antibiotics that target bacterial ribosomes to decrease protein 

synthesis, whereas ciprofloxacin is a fluoroquinolone antibiotic that blocks DNA replication and repair (Rang, et al., 

2000). Aminoglycosides, beta-lactams (imipenam but not penicillins), third and fourth generation cephalosporin, and 

fluoroquinolones are among the anti-pseudomonal medications. In addition, MDR P. aeruginosa strains are being treated 

with the poorly tolerated medication colistin. Prudent prescription practices and prompt but robust antibiotic 

administration have improved the course of treatment for some illnesses, including (Döring, 2010). Aminoglycosides, 

beta-lactams, quinolones, and macrolides are the four general categories into which antibiotics can be placed (Keyser et 

al., 2008). Understanding these categories of antibiotics and how contemporary medicine employs them in the treatment 

of disease is crucial. Antibiotics either kill germs or limit their growth, depending on how they are used. Stopping 

harmful microorganisms that are infecting a patient can depend on both of these processes. Antibiotics are essential for 

treating infections in individuals, but they are also applied to animals reared for human consumption. Antibiotics are 

given to cattle to promote growth and prevent sickness (McEachran et al., 2015). The number of production ofanimal 

that are accessible to purchase by consumers rises as a result of the usage of antibiotics. There is extensive use of 

antibiotics on a daily basis. These medications must be used in both clinical settings and in agricultural settings. 

Antibiotics are either produced using versions of live things or are created from them. Most early antibiotics were 

generated in this way; Natural produced by fungi or bacteria whose environment has been change in an industrial setting. 

Using of Those chemicals that in ways this are helpful to healthy human. The modification of other antibiotics yields 

biosynthetic antibiotics. To create newer medications, existing drugs (such as first-generation antibiotics) can be used as 

a model. It is crucial to develop novel chemicals that target particular bacteria while being safe for humans. These were 

various methods for antibiotics to target, incapacitate a pathogenicity of bacterial, but the precise processes by which they 

work against bacteria were not known when they were initially found to be effective against them. Targeting particular 

bacterial activities and structures is crucial for examples include ribosomes, prokaryotic cell walls, and DNA replication 

since they are less likely to have negative impacts on people (Walsh, 2003). Antibiotics can inhibit the synthesis of cell 

walls in several ways. The beta-lactams are the first group and they consist of vancomycin, carbapenems, penicillin, and 

cephalosporin. Penicillin can be categorized into one of five categories. These include: (Keyser et al., 2008) penicillins 

narrow-spectrum sensitive to an penicillinase act as enzymeproduct by some organisms whichsplitting penicillin 

(McEachran et al., 2015) restricted-spectrum, penicillinase-resistant penicillins (Walsh, 2003) broad spectrum 

aminopenicillins (Brudzynski and Sjaarda 2014) anti-pseudomonal broad-spectrum penicillins (Dunkle et al., 2014) 

andpenicillins with a wider spectrum. cephalosporins divided into first- generation, second, third, or fourth are another 

class of drugs included in the beta-lactam family. The mechanism of action of penicillin, cephalosporins, and 
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carbapenems is to prevent transpeptidases from generating the layers of peptidoglycan (Walsh, 2003). The derivatives of 

Vancomycin are operate which binding to transglycosylases, Achains that generating by transglycosylases enzyme, this 

chains joined together to form peptidoglycans (Walsh, 2003). When a bacterial cell wall is the target of an antibiotic, the 

antibiotic causing the rupture of cell then finally results in lysis of the cell. The creation of the normal cell wall can be 

stopped, which is a good strategy to stop the growth of bacteria (Brudzynski and Sjaarda 2014). 

 

REFERENCE  
 Aljanaby, A. A. J., & Aljanaby, I. A. J. (2018). Department of Biology, Faculty of Science, University of Kufa, 

Najaf, Iraq Faculty of Pharmacy, University of Kufa, Najaf, Iraq. 

 Al-Wrafy, F., Brzozowska, E., Górska, S., & Gamian, A. (2017). Pathogenic factors of Pseudomonas aeruginosa–the 

role of biofilm in pathogenicity and as a target for phage therapy. Advances in Hygiene and Experimental 

Medicine, 71, 78-91. 

 Al-Zubaidi, L. A. (2015). College of Engineering, Department of environmental engineering, Al Mustansiriya, 

11(19). 

 Banar, M., Emaneini, M., Satarzadeh, M., Abdellahi, N., Beigverdi, R., Leeuwen, W. B. V., & Jabalameli, F. (2016). 

Evaluation of mannosidase and trypsin enzymes effects on biofilm production of Pseudomonas aeruginosa isolated 

from burn wound infections. PloS one, 11(10), e0164622. 

 Bassetti, M., Vena, A., Croxatto, A., Righi, E., & Guery, B. (2018). How to manage Pseudomonas aeruginosa 

infections. Drugs in context, 7, 212527. 

 Brandenburg, K. S., Weaver Jr, A. J., Karna, S. R., You, T., Chen, P., Stryk, S. V., ... & Leung, K. P. (2019). 

Formation of Pseudomonas aeruginosa biofilms in full-thickness scald burn wounds in rats. Scientific reports, 9(1), 

13627. 

 Brudzynski, K., & Sjaarda, C. (2014). Antibacterial compounds of Canadian honeys target bacterial cell wall 

inducing phenotype changes, growth inhibition and cell lysis that resemble action of β-lactam antibiotics. PloS 

one, 9(9), e106967. 

 Church, D., Elsayed, S., Reid, O., Winston, B., & Lindsay, R. (2006). Burn wound infections. Clinical microbiology 

reviews, 19(2), 403-434. 

 Ciofu, O., & Tolker-Nielsen, T. (2019). Tolerance and resistance of Pseudomonas aeruginosa biofilms to 

antimicrobial agents—how P. aeruginosa can escape antibiotics. Frontiers in microbiology, 10, 913. 

 Davey, M. E., & O'toole, G. A. (2000). Microbial biofilms: from ecology to molecular genetics. Microbiology and 

molecular biology reviews, 64(4), 847-867. 

  Davies, J., & Davies, D. (2010). Origins and evolution of antibiotic resistance. Microbiology and molecular biology 

reviews, 74(3), 417-433. 

 Döring, G. (2010). Prevention of Pseudomonas aeruginosa infection in cystic fibrosis patients. International Journal 

of Medical Microbiology, 300(8), 573-577. 

 Dunkle, J. A., Vinal, K., Desai, P. M., Zelinskaya, N., Savic, M., West, D. M., ... & Dunham, C. M. (2014). 

Molecular recognition and modification of the 30S ribosome by the aminoglycoside-resistance methyltransferase 

NpmA. Proceedings of the National Academy of Sciences, 111(17), 6275-6280. 

 Erol, S., Altoparlak, U., Akcay, M. N., Celebi, F., & Parlak, M. (2004). Changes of microbial flora and wound 

colonization in burned patients. Burns, 30(4), 357-361. 

 Falagas, M. E., Koletsi, P. K., & Bliziotis, I. A. (2006). The diversity of definitions of multidrug-resistant (MDR) 

and pandrug-resistant (PDR) Acinetobacter baumannii and Pseudomonas aeruginosa. Journal of medical 

microbiology, 55(12), 1619-1629.  

 Frank, D. W. (1997). The exoenzyme S regulon of Pseudomonas aeruginosa. Molecular microbiology, 26(4), 621-

629. 

 Goranson, J., Hovey, A. K., & Frank, D. W. (1997). Functional analysis of exsC and exsB in regulation of 

exoenzyme S production by Pseudomonas aeruginosa. Journal of bacteriology, 179(5), 1646-1654. 

 Garrity, G., Brenner, D. J., Krieg, N. R., & Staley, J. R. (2005). Bergey’s manual of systematic bacteriology: volume 

2: the proteobacteria, part B: the gammaproteobacteria. New York: Springer. 

 Gonzalez, M. R., Fleuchot, B., Lauciello, L., Jafari, P., Applegate, L. A., Raffoul, W., ... & Perron, K. (2016). Effect 

of human burn wound exudate on Pseudomonas aeruginosa virulence. Msphere, 1(2), e00111-15. 

 Greenhalgh, D. G. (2017). Sepsis in the burn patient: a different problem than sepsis in the general population. Burns 

& trauma, 5.  

 Hall, C. W., & Mah, T. F. (2017). Molecular mechanisms of biofilm-based antibiotic resistance and tolerance in 

pathogenic bacteria. FEMS microbiology reviews, 41(3), 276-301.  

 Häussler, S., & Becker, T. (2008). The pseudomonas quinolone signal (PQS) balances life and death in 

Pseudomonas aeruginosa populations. PLoS pathogens, 4(9), e1000166. 



 

Firas Nabeeh Jaafar et al., South Asian Res J Bio Appl Biosci; Vol-5, Iss-2 (Mar-Apr, 2023): 15-21 

© South Asian Research Publication, Bangladesh            Journal Homepage: www.sarpublication.com  20 

 

 Harshey, R. M. (2003). Bacterial motility on a surface: many ways to a common goal. Annual Reviews in 

Microbiology, 57(1), 249-273. 

 Hirakawa, H., & Tomita, H. (2013). Interference of bacterial cell-to-cell communication: a new concept of 

antimicrobial chemotherapy breaks antibiotic resistance. Frontiers in microbiology, 4, 114. 

 Høgsberg, T., Bjarnsholt, T., Thomsen, J. S., & Kirketerp-Møller, K. (2011). Success rate of split-thickness skin 

grafting of chronic venous leg ulcers depends on the presence of Pseudomonas aeruginosa: a retrospective 

study. PLoS One, 6(5), e20492. 

 Høiby, N., Ciofu, O., Johansen, H. K., Song, Z. J., Moser, C., Jensen, P. Ø., ... & Bjarnsholt, T. (2011). The clinical 

impact of bacterial biofilms. International journal of oral science, 3(2), 55-65. 

 Høiby, N., Bjarnsholt, T., Moser, C., Bassi, G. L., Coenye, T., Donelli, G., ... & Zimmerli, C. E. E. W. (2015). 

ESCMID guideline for the diagnosis and treatment of biofilm infections 2014. Clinical microbiology and 

infection, 21, S1-S25. 

 Jensen, P. Ø., Bjarnsholt, T., Phipps, R., Rasmussen, T. B., Calum, H., Christoffersen, L., ... & Høiby, N. (2007). 

Rapid necrotic killing of polymorphonuclear leukocytes is caused by quorum-sensing-controlled production of 

rhamnolipid by Pseudomonas aeruginosa. Microbiology, 153(5), 1329-1338.  

 Keyser, P., Elofsson, M., Rosell, S., & Wolf‐Watz, H. (2008). Virulence blockers as alternatives to antibiotics: type 

III secretion inhibitors against Gram‐negative bacteria. Journal of internal medicine, 264(1), 17-29. 

 Kim, J. M., Park, E. S., Jeong, J. S., Kim, K. M., Kim, J. M., Oh, H. S., ... & Pai, C. H. (2000). Multicenter 

surveillance study for nosocomial infections in major hospitals in Korea. American journal of infection 

control, 28(6), 454-458. 

 Kiska, D. L., & Gilligan, P. H. (2003). Pseudomonas. In: Murray, P. R., Baron, E. J., Jorgensen, J. H., Pfaller, M. A., 

& Yolken, R. H., editors. Manual of Clinical Microbiology, 8th ed. Washington DC: ASM Press; p.719-728. 

 Lavoie, E. G., Wangdi, T., & Kazmierczak, B. I. (2011). Innate immune responses to Pseudomonas aeruginosa 

infection. Microbes and infection, 13(14-15), 1133-1145. 

 Lizioli, A., Privitera, G., Alliata, E., Banfi, E. A., Boselli, L., Panceri, M. L., ... & Carreri, V. (2003). Prevalence of 

nosocomial infections in Italy: result from the Lombardy survey in 2000. Journal of Hospital Infection, 54(2), 141-

148. 

 Mah, T. F., Pitts, B., Pellock, B., Walker, G. C., Stewart, P. S., & O'Toole, G. A. (2003). A genetic basis for 

Pseudomonas aeruginosa biofilm antibiotic resistance. Nature, 426(6964), 306-310.  

 Mandell, G., Bennett, J., & Dolin, R. (2009). Principles and practice of infectious diseases 7
th

 Edition. 

Elsevier/Churchill Livingstone, New York. 

 McEachran, A. D., Blackwell, B. R., Hanson, J. D., Wooten, K. J., Mayer, G. D., Cox, S. B., & Smith, P. N. (2015). 

Antibiotics, bacteria, and antibiotic resistance genes: aerial transport from cattle feed yards via particulate 

matter. Environmental health perspectives, 123(4), 337-343. 

 Moura-Alves, P., Faé, K., Houthuys, E., Dorhoi, A., Kreuchwig, A., Furkert, J., ... & Kaufmann, S. H. (2014). AhR 

sensing of bacterial pigments regulates antibacterial defence. Nature, 512(7515), 387-392. 

 Ohfuji, K., Sato, N., Hamada-Sato, N., Kobayashi, T., Imada, C., Okuma, H., & Watanabe, E. (2004). Construction 

of a glucose sensor based on a screen-printed electrode and a novel mediator pyocyanin from Pseudomonas 

aeruginosa. Biosensors and Bioelectronics, 19(10), 1237-1244. 

 Pearson, J. P., Gray, K. M., Passador, L., Tucker, K. D., Eberhard, A., Iglewski, B. H., & Greenberg, E. P. (1994). 

Structure of the autoinducer required for expression of Pseudomonas aeruginosa virulence genes. Proceedings of the 

National Academy of Sciences, 91(1), 197-201. 

 Pedrosa, A. P., Brandão, M. L. L., Medeiros, V. D. M., Rosas, C. D. O., Bricio, S. M. L., & Almeida, A. E. C. C. 

(2014). Pesquisa de fatores de virulência em Pseudomonas aeruginosa isoladas de águas minerais naturais. Revista 

Ambiente & Água, 9, 313-324. 

 Perron, K., Caille, O., Rossier, C., Van Delden, C., Dumas, J. L., & Köhler, T. (2004). CzcR-CzcS, a two-

component system involved in heavy metal and carbapenem resistance in Pseudomonas aeruginosa. Journal of 

Biological Chemistry, 279(10), 8761-8768. 

 Pier, G. B., & Ramphal, R. (2005). Pseudomonas aeruginosa. In Mandell, G. L., & Bennett, J. E. (Ed.), Mandell,. 

 Pirnay, J. P., De Vos, D., Cochez, C., Bilocq, F., Pirson, J., Struelens, M., ... & Vanderkelen, A. (2003). Molecular 

epidemiology of Pseudomonas aeruginosa colonization in a burn unit: persistence of a multidrug-resistant clone and 

a silver sulfadiazine-resistant clone. Journal of clinical microbiology, 41(3), 1192-1202. 

 Ran, H., Hassett, D. J., & Lau, G. W. (2003). Human targets of Pseudomonas aeruginosa pyocyanin. Proceedings of 

the National Academy of Sciences, 100(24), 14315-14320. 

 Rang, H. P., Dale, M. M., & Ritter, J. M. (2000). Pharmacology. Churchill Livingstone, Edinburgh. 

 Remold, S. K., Brown, C. K., Farris, J. E., Hundley, T. C., Perpich, J. A., & Purdy, M. E. (2011). Differential habitat 

use and niche partitioning by Pseudomonas species in human homes. Microbial ecology, 62, 505-517. 

 Schalk, I. J. (2008). Metal trafficking via siderophores in Gram-negative bacteria: specificities and characteristics of 

the pyoverdine pathway. Journal of inorganic biochemistry, 102(5-6), 1159-1169. 



 

Firas Nabeeh Jaafar et al., South Asian Res J Bio Appl Biosci; Vol-5, Iss-2 (Mar-Apr, 2023): 15-21 

© South Asian Research Publication, Bangladesh            Journal Homepage: www.sarpublication.com  21 

 

 Silby, M. W., Winstanley, C., Godfrey, S. A., Levy, S. B., & Jackson, R. W. (2011). Pseudomonas genomes: diverse 

and adaptable. FEMS microbiology reviews, 35(4), 652-680. 

 Skariyachan, S., Sridhar, V. S., Packirisamy, S., Kumargowda, S. T., & Challapilli, S. B. (2018). Recent 

perspectives on the molecular basis of biofilm formation by Pseudomonas aeruginosa and approaches for treatment 

and biofilm dispersal. Folia microbiologica, 63, 413-432. 

 Stewart, P. S., & Parker, A. E. (2019). Measuring antimicrobial efficacy against biofilms: a meta-

analysis. Antimicrobial agents and chemotherapy, 63(5), e00020-19. 

 Stover, C. K., Pham, X. Q., Erwin, A. L., Mizoguchi, S. D., Warrener, P., Hickey, M. J., ... & Olson, M. V. (2000). 

Complete genome sequence of Pseudomonas aeruginosa PAO1, an opportunistic pathogen. Nature, 406(6799), 959-

964. 

 Tuon, F. F., Dantas, L. R., Suss, P. H., & Tasca Ribeiro, V. S. (2022). Pathogenesis of the Pseudomonas aeruginosa 

biofilm: A review. Pathogens, 11(3), 300. 

 Walsh, C. (2003). Antibiotics: actions, origins, resistance. ASM Press, Washington, D.C. 

 Wozniak, D. J., Wyckoff, T. J., Starkey, M., Keyser, R., Azadi, P., O'Toole, G. A., & Parsek, M. R. (2003). Alginate 

is not a significant component of the extracellular polysaccharide matrix of PA14 and PAO1 Pseudomonas 

aeruginosa biofilms. Proceedings of the National Academy of Sciences, 100(13), 7907-7912. 

 Yang, J., Zhao, H. L., Ran, L. Y., Li, C. Y., Zhang, X. Y., Su, H. N., ... & Zhang, Y. Z. (2015). Mechanistic insights 

into elastin degradation by pseudolysin, the major virulence factor of the opportunistic pathogen Pseudomonas 

aeruginosa. Scientific reports, 5(1), 1-7. 

 Yildirim, S., Nursal, T. Z., Tarim, A., Torer, N., Noyan, T., Demiroglu, Y. Z., ... & Haberal, M. (2005). 

Bacteriological profile and antibiotic resistance: comparison of findings in a burn intensive care unit, other intensive 

care units, and the hospital services unit of a single center. The Journal of burn care & rehabilitation, 26(6), 488-

492. 


