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accounts for 30% of all deaths and has high (60%) fatality rates in burn units.  
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INTRODUCTION: 

Pseudomonas aeruginosa is a bacterium recognized for its potential to cause disease in vulnerable persons, as well as 
its environmental flexibility. as well as the ability to be able to adapt to and thrive in a variety of ecological situations 

The bacterium has the ability to utilise a It can thrive on a wide range of organic compounds, which gives it an edge 

in ecological niches where resources are scarce.. (William et al., 2005;Winsor et al., 2009; Moore, 2011) . 
Pseudomonas aeruginosa can create a variety of harmful proteins that Not only do they harm tissue, but they also 

interfere with the immune system's protective mechanisms. Powerful poisons infiltrate and eliminate host cells in or 
near the colonization position, as well as degradative enzymes which irreversibly change connective tissue  in many 

organs. (Todar, 2002; Krzeslak, 2009). it is also known for its high resistance to many. Scientists are studying this 

bacterium for a variety of reasons, including its capacity to cause illness and are resistant to antibiotics, as well as its 
metabolic capabilities and survival flexibility in different environment. (Krzeslak, 2009). 

 
GENERAL CHARACTERISTICS 

Luke, identified rod-shaped particles in certain patients' blue-green pus diseases in 1862, is thought to have been the 
first to report Pseudomonas aeruginosa in human infections. Sedillot had earlier seen similar colouring on dressings 

for surgery, which is The pigment pyocyanin produced by P. aeruginosa is now established to be the cause. In 1882, 

Gessard identified this microbe from army wound sites and named it Bacillus pyocyaneus. (Lyczak, et al.,2000)  
Pyocyanin (blue-green), pyoverdine (yellow-green and fluorescent), and pyorubin (red-brown) melanin are among the 

pigments secreted by P. aeruginosa (Brown) (Govan, 2007). Pyoverdin is widely synthesized in low-iron conditions, 
and it may play a role in bacterial iron metabolism. Pyocyanin (come from "Pyocyaneus")  which is  "blue pus," which 

is a symptom of P. aeruginosa supportive infections. (Todar, 2002; Brooks et al., 2007)  

 
TYPICAL ORGANISM 

Pseudomonas aeruginosa is a Gram-negative bacillus that does not generate spores and does not form capsules. It is 
motile via one or two polar flagella. It is a strictly aerobic aerobe, but if nitrate is supplied as a terminal electron 

acceptor, it can grow anaerobically. (Govan, 2007), It can be found as a single bacterium, in pairs, or in short chains., 

and measures approximately (0.6x2m). (Brooks, et al., 2004). They thrive on low-carbon and low-nitrogen 
environments, such as simple media and damp surfaces. P.aeruginosa is also capable of degrading polycyclic aromatic 

hydrocarbons and producing lectins, rhamnolipids, quinolones, hydrogen cyanide, phenazines when found in soil. 
(William, et al., 2005). 

 
CULTURAL CHARACTERISTICS 

Pseudomonas aeruginosa is an obligate aerobe that can grow on a variety of culture media and can produce a grape-

like or rotten-potato odor. (Labarca et al., 1998). Blood is hemolyzed by some strains. P. aeruginosa produces 
spherical, smooth colonies that are bright greenish in color. It frequently creates pyocyanin, a nonfluorescent bluish 
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pigment that diffuses into the agar.. ( Brooks, et al.,2007; Govan, 2007). Three colony forms are possible with P. 

aeruginosa isolates. When  isolated from natural sources such as soil or water usually result in a small, squalid colony. 

In general, while clinical isolated colony are one of two smooth colony types.,One form resembles a fried egg, being 
huge, smooth, flat edges, and raised appearance or produce anthor  form, which is commonly found in respiratory 

and urinary system secretions, has a mucoid look due to the development of alginate slime. Colonization and 
virulence are thought to be aided by the smooth and mucoid colonies. (Todar, 2008).  

 

GROWTH CHARACTERISTICS  
P. aeruginosa growth optimally   in 37°C, however it has also been recorded growing at 42°C and 4°C. (Iglewski, 

1991); Its ability to grow  at 42°C distinguishes it from other fluorescent  Pseudomonas species. ( Brooks,et 
al.,2007;Todar,2008). It has oxidase activity. Although it does not ferment carbs, it does oxidize glucose in many 

strains. Colony morphology, oxidase positivity, the presence of distinctive colors, and growth at 42 °C are commonly 
used to identify it.. (Brooks,et al.,2007). 

 

PATHOGENESIS OF PSEUDOMONAS AERUGINOSA.  
Pseudomonas aeruginosa is a common pathogen organism that can easily be isolated from the natural environment 

and humans (Lister, et al., 2009), and it is now widely recognized as an important opportunistic pathogen that causes 
severe infection because it is pathogenic only when introduced into an environment lacking in normal defenses. 

(Lee,et al.,2005). This could result in the compromised host's death. (Sakata et al., 1996).  

A. Respiratory infections: P. aeruginosa causes respiratory infections almost exclusively in people who have an 
impaired lower respiratory tract or a weakened systemic defense system. Patients which have  chronic obstructive 

pulmonary disease and congestive failure of the heart are at risk for primary pneumonia. (Hoiby and Rosendal, 1980).  
Mucoid strains of P.aeruginosa colonize the lower respiratory tract of cystic fibrosis patients, making treatment 

difficult, if not impossible. (Marty et al., 1998; Govan, 2007). 

B. Endocarditis: P.aeruginosa affects intravascular drug users' heart valves as well as prosthetic heart valves. 
(Mandelle et al., 1995). By directly invading the endocardium from the bloodstream, the organism establishes itself. 

(Pollack, 1998). 
C. Bacteremia: P. aeruginosa is the most common cause of bacteremia in immunocompromised people. (Todar, 2002; 

Japoni et al., 2009). Hematologic malignancies, immunodeficiency related to AIDS, neutropenia, diabetes mellitus, 
and severe burns are all predisposing factors. Pseudomonas bacteremia is most commonly contracted in hospitals and 

nursing homes. Pseudomonas causes nearly a quarter of all Gram-negative bacteremias acquired in hospitals. (Todar, 

2002). 
D. External otitis  cases, such as "swimmer's ear," P.aeruginosa is the most common bacterial pathogen. The 

bacterium is rarely detected in a healthy ear, but it regularly colonizes the external auditory canal as a result of injury, 
maceration, inflammation, or simply damp and humid conditions. (Strauss, et al., 1982; Mims, et al., 1993). 

E. P.aeruginosa infections in the eye: P.aeruginosa infections in the eye can be fatal. This infection is one of the most 

common causes of bacterial keratitis. (Brooks, et al., 2004, Japoni et al., 2009). By synthesis of many  enzymes 
including exotoxin A, elastase, and alkaline protease, the bacterium can quickly multiply and create a devastating 

infection that can result in the loss of the entire eye. (Govan, 2007; Todar, 2008). 
F. Infections of wounds and burns: Almost any opportunistic pathogen are able to infect burns and wounds, but the 

gram-negative rod P. aeruginosa, which actually can color burns with its blue-green fluorescent pigments or damaged 
tissue and may lead to septicemia later, is one of the most common and difficult to treat. (Nester et al., 1982; 

Alinaqvi et al., 2011).  

G. Infection of the urinary tract: The bacteria enters the urinary tract by catheters and instruments, as well as 
irrigation solutions. (Martinez et al., 1999). Because antibiotics increase its selection in hospital patients, P. aeruginosa 

is more frequently identified in hospital-acquired urinary tract infection. (Glauser, 1986). 
H. Bones and joints Infections. Usually these infection caused by Direct inoculation of the bacteria or by the 

hematogenous dissemination of the germs from the main infection sites. In IV (Intra-venus) drug users, blood-borne 

infections are most commonly encountered in association with urinary tract or pelvic infections. P.aeruginosa is 
particularly fond of the axial skeleton's fibrocartilagenous joints. (Todar, 2002) 

I. Infections of the gastrointestinal tract. In maternity facilities and paediatric wards, gastrointestinal illness epidemics 
can arise in newborns and early children as a result of contaminated milk feeds. (Govan, 2007). 

 

VIRULENCE FACTORS 
1. Pathogenic P. aeruginosa Cell SurfaceVirulence Factors 

a. Biofilm Formation 
Biofilms mean complex microorganisms colonies that are attached surface- aggregates encased in a slime, a self-

secreted extracellular polysaccharide matrix. (Sutherland, 2001; Stoodley et al., 2002). They can be found in a variety 
of natural and manmade habitats, and they provide a variety of protected dynamic microenvironments for their 

constituent microbial cells. Biofilms mature into effective barriers to antimicrobial agents and the human immune 

system, resulting in long-term colonization and/or infection at the biofilm formation site. (Olson et al., 2002).   
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b. Flagella 

Flagella are complex proteic structures seen on the surface of P. aeruginosa that form a filamentous polar appendage. 

Flagella are gram-negative bacteria's principal motile appendages, and they allow P. aeruginosa to swim in a screw-
like motion. Flagella are important in pathogenesis because they adhere to epithelial cells by attaching to a shared 

membrane component. (Feldman et al., 1998). Flagella, on the other hand, are highly immunogenic, making their 
presence for P. aeruginosa a liability for following infection. Because of that, in persistent infections, P. aeruginosa 

can adapt by selecting a flagellar mutants to elude the host's response. (Mahenthiralingam et al., 1994).  

c. Pili 
Pili or fimbriae are P. aeruginosa's tiny surface appendages filaments. The pili of these bacteria  are among few 

prokaryotic pili that play a role in bacterial movement. The retractile features of P. aeruginosa pili cause this motility, 
which permits Rather than swimming, P. aeruginosa spreads via moist surfaces. (Mattick, 2002). Pilli aids colonization 

because, like flagella, pili are essential for colonization adhesion by attaching to the epithelial cell membrane. (Hahn, 
1997). 

d. Lipopolysaccharide (LPS) 

Lipopolysaccharide is one of the virulence factors produced by Pseudomonas aeruginosa  (Cryz et al., 1984; Tang et 
al., 1996). Lipopolysaccharide  is the term that refers to a type is made up of three components:1- lipidA, that 

attaches the membrane; 2-core oligosaccharide (core), which is short sugars chain built onto lipid A; 3- O-antigen, the 
polymer that  consist of repeated oligosaccharide units attached to the lipidA and core. Antigenic identification of P. 
aeruginosa serotypes is based on varied O-specific polysaccharide chains. Furthermore, LPS contributes to 

P.aeruginosa's has outer-membrane permeability that is low, that functions synergistically together with multidrug 
efflux pumps which is recently identified , raising severe clinical issues because it failed the antimicrobial medicines 

from reaching the bacteria. (Hancock, 1998).                              
e. Quorum Sensing (QS) 

P. aeruginosa appears to use mechanism that contol bacterial cell mass and permits cell-to-cell communication to 

regulate the synthesis of many of the extracellular virulence factors. Bacteria can perceive their surroundings, analyze 
data, and counter correctly; nevertheless, It was only recently discovered that they can sense their own cell density, 

interact with one another, and function as a population rather than individual cells. (Fuqua et al., 1994; Gray, 1997).  
Many Gram-negative bacteria exhibit a phenomena known as quorum sensing (QS). (Kipnis et al., 2006) Small 

chemicals called acyl homoserine lactones, also  called  autoinducers, allow bacteria to communicate with each other 
across the cell membranes. After a specific bacterial mass is reached, these particles approach a concentration 

threshold that allows coordinated gene expression in an entire bacterial population as cofactors of transcriptional 

regulators. ( Kipnis et al., 2006) Quorum sensing (QS) can occur inside a single bacterial species or between multiple 
species, and it has the ability to control a variety of processes. P. aeruginosa is one of the most researched quorum 

sensing bacteria. In the las system, lasI directs the synthesis of 3-oxo-C12HSL, which interacts with LasR and 
activates target promoters; in the rhl system, lasI directs the synthesis of 3-oxo-C12HSL, which interacts with LasR 

and activates target promoters. (Pearson, 1994). The rhlI gene creation causes C4HSL to be produced, which 

interacts with the RhlR transcriptional regulator and activates target gene promoters in the rhl system. (Winson and 
colleagues, 1995). LasR/3-oxo-C12HSL activates the expression of rhlR and rhlI, forming a regulatory cascade 

between these two systems.. (Latifi et al., 1996).  
  

2. SECRETED VIRULENCE FACTORS  
 1. Pigments: 

 a. Pyocyanin 

Pyocyanin (from "pyocyaneus") denotes "blue pus," a sign of P. aeruginosa supportive infections (Todar, 2002; 
Brooks, et al., 2004). Pyocyanin is a blue-green pigment metabolite of P. aeruginosa that has been linked to a number 

of pathogenic consequences, including enhancing the IL-depressing host response (Leidal et al., 2001; Allen et al., 
2005) and inducing neutrophil death (Allen et al., 2005). 

b. Pyoverdin    

Pyoverdin is widely synthesized in low-iron conditions, and it may play a role in bacterial iron metabolism. Because 
iron deprivation of an infecting pathogen is a critical aspect of the human innate defense mechanism, P. aeruginosa is 

starved for iron when infecting its host. P. aeruginosa produces two siderophores to deal with this problem: pyochelin 
and pyoverdin. These sideophores are then secreted to the cell's outside, where they attach securely to iron and take 

it back inside the cell. (1993, Cox) Pyoverdine has also linked to virulence (Meyer, et.al., 1996). When it was 

discovered that pyoverdin modulates the production of exotoxin A and an endoprotease in  P. aeruginosa, as well as 
their secretion.(Lamont, et al., 2002). 

2. Enzymes 
 a. Protease IV 

Protease IV can cleave fibrinogen, which is a component of the blood clotting mechanism (Elliott and Cohen1986) 
(Walsh and Ahmed 2002). After vascular injury, fibrinogen is given to a fibrin cloth. Hemorrhage is a symptom of P. 
aeruginosa infection and is caused by fibrinogen dysfunction (Elliott and Cohen, 1986). Furthermore, protease IV may 

destroy a variety of biologically important host proteins, including plasminogen and immunoglobulin G (IgG), as well 
as complement components 3 and C1q, Plasminogen (Plg) plays a vital part in the delicate balance of blood clotting, 
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and P. aeruginosa can bind it to his extracellular surface. Other proteases can activate plasminogen by converting it to 

active plasmin which is a protease that can breaks down fibrin. Plasminogen hypothesized to have additional 

physiological activities that pathogenic microorganisms could exploit. Plg is a protein that binds to several human cells 
and aids and guides relocation all over the body. (Da Silva et al.,2004).  

b. Elastase 
Elastase, also known as lasB, is a proteinase released into the extracellular space by P. aeruginosa using a type II 

secretion system. Proteins have been demonstrated to be degraded by it. Elastase B has also been found to stop 

fibroblasts from growing. All of these traits are common in P. aeruginosa-caused chronic ulcer infections (Schmidtchen 
et al., 2003). It has been found to have a role in P. aeruginosa  pathogenesis by degrading elastin, collagen, and 

noncollagen host proteins, as well as affecting the host basement membrane's integrity. (Bejarano, 1989).  
Elastase B is able to interact and degrade proteins in the immune system; it has been established that elastase B can 

destroy immunoglobulin A (Heck, et al., 1990). immunoglobulin A is the most common immunoglobulin in serum and 
the most common antibody type in excretions (Jenny and Michael, 2006). Elastase B can also break down 

immunoglobulin G (IgG), which is the most common and significant antibody (Bainbridge and Fick, 1989). Elastase 

also suppresses monocyte chemotaxis (Kharazmi and Nielsen, 1991), which may impair early phagocytosis clearance 
of P. aeruginosa from wound sites and following performance of microbial antigens to the host immune system. 

(Rumbaugh et al., 1999).  
c. Phospholipase C 

Phospholipase C secreted into the extracellular space by P. aeruginosa via a type II secretion system. Hemolytic 

phospholipase C is found play a part in the P. aeruginosa pathogenesis in inflammation (Konig et al., 1996; Konig et 
al., 1997; Kipnis et al., 2006), and portion of the pathogenic action of hemolytic phospholipase C could exist due to 

surfactant inactivation (Holm et al., 1991). Moreover, hemolytic phospholipase can reduce the oxidative eruption 
reaction of neutrophils in the host. (Terada et al., 1999). 

3. Toxins:  

a. Exoenzyme S (ExoS) 
Bacteria growing in burned tissue create exoenzyme S, which can be identified in the bloodstream before the bacteria 

are present. It's been suggested that exoenzyme S inhibits the role of phagocytic cells in the internal organs and 
bloodstream is a defense against P. aeruginosa invasion. (Balachandran and Engel, 2009) ExoS is a cytotoxin which is 

bi - functional  with two dynamic domains: an ADP-ribosyltransferase domain on the C-terminus and a GTPase-
activating protein (GAP) domain on the N-terminus. ExoS' pathogenic involvement is mostly due to its activity as an 

ADP-ribosyltransferase, which causes cytoskeletal disruption. (Shaver and Hauser, 2004; Maresso et al., 2004). ExoS 

can impact the host's immunological and inflammatory responses because the C-terminal domain binds to TLR2 (Tall 
receptors2) and the N-terminal region binds to TLR4 (Tall receptors4). (Epelman et al., 2004). 

b. Exotoxin A (ETA) 
P. aeruginosa, the most common cause of burn wound infections among gram-negative bacteria (Heggers et 

al.,1992), can create a variety harmful proteins that can cause significant tissue damage and interfere with the 

defense systems of the immune system those proteins are able to penetrate host cells and destroy  them in the 
colonization position, or harm cell membranes and connective tissues in numerous organs permanently. (krzeslak, 

2009).  
One of the most important virulence factors produced by this bacteria is ETA. Liu et al. were the first to identify and 

purify ETA (1961). Since then, ETA has been shown to be hazardous in vitro to a wide range of mammalian cells 
(Pollack and Anderson, 1978). It appears to play a role in both local and systemic P. aeruginosa disease processes. 

Exotoxin A possesses necrotizing activity thus thought to aid in the colonization of the bacteria. (Pittet, et al., 1998). 

Toxinogenic strains are more virulent than ones that are not toxinogenic. The greater survival chance  in patients 
septicemia caused by P. aeruginosa   is connected with the serum titer of anti-exotoxin A antibodies in the serum 

provides indirect evidence of the role of ETA in illness (Todar, 2008). In other instances, ETA mutants also have a 
lower pathogenicity. (Pittet, et al., 1998). 

 

REFERENCES:- 
1. Alinaqvi, Z., Kharal, S.A., Qamaraziz, M.M.(2011) Burn patient .Professional  Med. J. 18(2): 300-305. 

2. Allen, L., Dockrell, D.H., Pattery, T., Lee, D.G., Cornelis, P., and Hellewell, P.G., et al. (2005) Pyocyanin 
production by Pseudomonas aeruginosa induces neutrophil apoptosis and impairs neutrophil-mediated host 

defenses in vivo. J Immunol, 174:3643–9. 

3. Bainbridge,T.,Fick,R.B.(1989).Functional importance of cystic fibrosis immunoglobulin G fragments generated 
by Pseudomonas aeruginosa elastase. J. Lab. Clin. Med.; 114:728-733. 

4. Bejarano, P.A., Langeveld, J.P., Hudson, B.G., and Noelken, M.E.( 1989) Degradation of basement 
membranes by Pseudomonas aeruginosa elastase. Infect. Immun . 57:3783-7. 

5. Brooks, F. G., Carroll, K.C., Butel, S.J.  and Morse,  A.S. (2004). Medical Microbiology, Edetors, Jawetz, E., 
Melnic, J. L. and Adelberg, E. A. 22th ed. Megraw hill. New York.  

6. Brooks, F.G.,Carroll, K.C., Butel, S.J. and Morse, A.S .(2007). Medical Microbiology, Edetors, Jawetz, E., 

Melnic,  J. L. and Adelberg, E. A. 24th ed. Megraw hill. New York. 



European Scholar Journal (ESJ) 
__________________________________________________________________________ 

82|P a g e  

7. Brooks, F.G.,Carroll, K.C., Butel, S.J. and Morse, A.S .(2007). Medical Microbiology, Edetors, Jawetz, E., 

Melnic,  J. L. and Adelberg, E. A. 24th ed. Megraw hill. New York. 

8. Chastre, J., and Trouillet, J.L. (2000). Problem pathogens (P.aeruginosa and Acinetobacte) Semin. 
Respir.infect, 15(4) 287-98. 

9. Church, D., Elsayed, S., Reid, O., Winston, B.and Lindsay, R.( 2006). Burn Wound Infections. Clin. Microbiol. 
Rev. 19 (2), 403 – 434. 

10. Cox, C.D. (1993).Iron and the virulence of Pseudomonas aeruginosa. In Pseudomonas aeruginosa the 

Opportunist: Pathogenesis and Disease, pp. 41–58. Edited by R. B. Fick, Jr. Boca Raton, FL: CRC Press. 
11. Cryz, S.J., Pitt,T.L., Furere, E., Germanier, R. (1984) Role of lipopolysaccharide in virulence of Pseudomonas 

aeruginosa. Infect Immun 44: 508–513. 
12. Da Silva, C.M., de Abreu V. L, Nishi, R., and Cristina P. M. (2004) Binding of plasminogen to Pseudomonas 

aeruginosa results in formation of surface-associated plasmin and enhanced bacterial invasiveness. Microb. 
Pathog..; 36:59-66. 

13. Elliott , B.W., Cohen, C.(1986)Isolation and characterization of a lysine-specific protease from Pseudomonas 

aeruginosa. J. Biol. Chemis. 261:11259-11265.  
14. Engel, J. and  Balachandran P. (2009) Role of Pseudomonas aeruginosa type III effectors in disease. 

Curr.Opin. Microbiol. 12:61-6.    
15. Engel, L.S., Hill J.M., Caballero A.R., Green L.C. and O'Callaghan R.J. (1998) Protease IV, a Unique 

Extracellular Protease and Virulence Factor from Pseudomonas aeruginosa. J. Biol. Chem.; 273:16792-16797. 

16. Feldman, M., Bryan, R., Rajan, S., Scheffler, L., Brunnert, S., and Tang, H., et al. (1998) Role of flagella in 
pathogenesis of Pseudomonas aeruginosa pulmonary infection. Infect. Immun .66:43–51. 

17. Fuqua, W. C., Winans, S C, and Greenberg, E. P. (1994) Quorum sensing in bacteria: the LuxR-LuxI family of 
cell density-responsive transcriptional regulators. J. Bacteriol. 176:269–275. 

18. Glauser,M. P. (1986).Urinary tract infection and pyelonephritis. West Washington. Square Philadelphia, USA. 

19. Govan, J.R. (2007).Pseudomonas and non fermenters ,Medical Microbiology .17th ed.Churchill Livingtone 
Elsevier. 

20. Gray, K.M. (1997) Intercellular communication and group behavior in bacteria. Trends Microbiol 5: 184–188. 
21. Hahn, H.P. (1997). The type-4 pilus is the major virulence-associated adhesin of Pseudomonas aeruginosa—a 

review. Gene 192:99–108. 
22. Hancock, R.E. (1998). Resistance mechanisms in Pseudomonas aeruginosa and other non-fermentative gram-

negative bacteria. Clin. Infect. Dis. 27(1): S93–S99. 

23. Heck, L.W., Alarcon, P.G., Kulhavy, R.M., Morihara, K., Russell, M.W. and Mestecky, J.F. (1990).Degradation 
of IgA proteins by Pseudomonas aeruginosa elastase. J. Immunol.; 144:2253-2257. 

24. Hoiby, N. and Rosendal, K.(1980). Epidemiology of Pseudomonas aeruginosa   infection in patients treated at 
a cystic fibrosis centre. Acta. Pathologica. et. microbiologica scondinavica. 88: 125-131. 

25. Holm, B.A., Keicher, L., Liu, M.Y., Sokolowski, J., and Enhorning, G. (1991) Inhibition of pulmonary surfactant 

function by phospholipases. J. Appl. Physiol. 71:317–21. 
26. Iglewski, B.H. (1991). Pseudomonas In: Baron S., and Jennings, P.M. (eds) Medical Microbiology, 3rd ed., NY: 

Churchill Livingstone, pp. 389-396. 
27. Japoni, A., Farshad, S. and Alborzi, A. (2009.) Pseudomonas aeruginosa: Burn Infection, Treatment and 

Antibacterial Resistance; Iranian Red Crescent Med. J. 11: 244-253. 
28. Jenny, M.W.and Michael, A.K. (2006). The function of immunoglobulin A in immunity. J. Pathol. 208:270-282. 

29. Kharazmi,A. and Nielsen, H.(1991). Inhibition of human monocyte     chemotaxis and chemiluminescence by 

Pseudomonas aeruginosa  elastase, Apmis 99 :93–95. 
30. Kipnis, E.,Sawa,T., and Wiener-Kronish, J. (2006) Targiting mechanisims of Pseudomonas aeruginosa  

pathogenesis. Medecine et maladies infectieuess. 36:78-91. 
31. Kleerebezem, M., Quadri, L.E., Kuipers, O.P., De Vos, W.M. (1997) Quorum sensing by peptide pheromones 

and two-component signal-transduction systems in Gram-positive bacteria. Mol. Microbiol 24: 895–904. 

32. Konig, B., Jaeger, K.E., Sage, A.E., Vasil M.L. and Konig, W. (1996) Role of Pseudomonas aeruginosa lipase in 
inflammatory mediator release from human inflammatory effector cells (platelets, granulocytes, and 

monocytes). Infect. Immun. 64:3252–8. 
33. Konig, B., Vasil, M.L., and Konig, W.(1997). Role of hemolytic and nonhemolytic phospholipase c from 

Pseudomonas aeruginosa for inflammatory mediator release from human granulocytes. Int. Arch. Allergy 

Immunol. 112:115–24. 
34. Krzeslak, J. K. (2009). Pseudomonas as a Microbial Enzyme Factory: The source of industrially potent 

enzymes and the host for heterologous enzyme production .PhD thesis Department of Pharmaceutical Biology 
/University of Groningen.  

35. Labarca, J.A., Pegues, D.A., Wagar, E.A., Hindler, J.A. and Bruckner DA. (1998).a nosocomial outbreak of 
malodorous Pseudomonas aeruginosa. Infect Dis. 26(6):1440. 

36. Lambert, P. A. (2002). Mechanisms of antibiotic resistance in Pseudomonas aeruginosa. Journal Of The Royal 

Society Of Medicine 95: 22-26. 



European Scholar Journal (ESJ) 
__________________________________________________________________________ 

83 
 

37. Latifi, A., Foglino, M., Tanaka, K., Williams, P. and Lazdunski, A. A (1996). hierarchical quorum-sensing 

cascade in Pseudomonas aeruginosa links the transcriptional activators LasR and RhIR (VsmR) to expression 

of the stationary-phase sigma factor RpoS. Mol. Microbiol. 21, 1137-1146. 
38. Lee, V.T., Smith, R.S., Tummular, B. and Lory, S. (2005). Activities of Pseudomonas aeruginosa Effectors 

Secreted by the Type III Secretion In Vitro and during Infection. Infct. Immun.73: 1695-1705. 
39. Leidal, K.G., Munson, K.L., and Denning, G.M. (2001) Small molecular weight secretory factors from 

Pseudomonas aeruginosa have opposite effects on IL-8 and rantes expression by human airway epithelial 

cells. Am. J.Respir. Cell Mol. Biol. 25:186–95. 
40. Lyczak J.B., Cannon C. L., and  Pier G. B.(2000) Establishment of  Pseudomonas aeruginosa infection. Microb. 

Infect. 2: 1051−1060. 
41. Mahenthiralingam, E., Campbell, M.E.,and  Speert, D.P. (1994).Non motility and phagocytic resistance of 

Pseudomonas aeruginosa isolates from chronically colonized patients with cystic fibrosis. Infect. Immun. 
62:596–605. 

42. Mandelle, G. L., Bennett, J. E. and Dolin, R. (1995). Principles and practice of infectious disease. 14th ed. 

Churchill, Livingston, New York. 
43. Martinez, M.L.; Pascual, A.; Coneio, M.G.; Picabea, L. and Perea, E. J. (1999). Resistance of Pseudomonas 

aeruginosa to imipenem induced by eluates from siliconized latex urinary catheter is related to outer 
membrane protein alterations. Antimicrob. Agent Chemother. 47 (2): 397-399. 

44. Marty, N., Pasquier, G., Dourners, J. L.; Chemin, K., Chavagnat, F., Guinand, M., Chabanon, G., Pipy, R. and 

Montrozier, H. (1998). Effect of characterized Pseudomonas aeruginosa exopolysaccharides on adherence to 
human tracheal cell. J. Med. Microbiol. 47: 129-134. 

45. Mattick, J.S. (2002).Type iv pili and twitching motility. Annu. Rev. Microbiol. 56:289–314. 
46. Mayhall C.G. (1999) Hospital epidemiology and infection control. 2nd ed. Philadelphia: Lippincott Williams & 

Wilkins. 

47. Meyer, J.M., Neely, A., Stintzi, A., Georges, C., and Holder, I.A. (1996) Pyoverdin is essential for virulence of 
Pseudomonas aeruginosa. Infect. Immun.64:518–23. 

48. Mims, C. A.; Playfair, J. H. L.; Roitt, I. M.; Wakelin, D.; Williams, R. and Anderson, R. M. (1993). Medical 
Microbiology. Mosby, London. 

49. Moore, N. M., Flaws, M. L. (2011).  Epidemiology and pathogenesis  of Pseudomonas aeruginosa infections. J. 
Am. Soci. Clinl .Lab. Sci.: 894-959. 

50. Nester, E. W., Pearsall, N. N., Roberts, J. B. and Roberts, C. E. (1982). The microbial. Perspective. 1st ed. 

Saunders College, USA. 
51. Olson, M. E., H. Ceri, D. W. Morck, A. G. Buret, and Read,R. R. (2002). Biofilm bacteria: formation and 

comparative susceptibility to antibiotics. Can. J. Vet. Res. 66:86-92. 
52. Pearson, J.P., Gray,K.M., Passador,L., Tucker,K.D., Eberhard,A., Iglewski,B.H., and Greenberg, E.P.(1994). 

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

Acad. Sci. U S A. 91: 197-201. 
53. Pollack,  M. (1998). Infections due to Pseudomonas spp. And related organisms in "Harrison's text book of 

internal Medicine". 12th eds. Petersdorf, R. G. 
54. Rumbaugh,  K.P., Griswold,  J.A., Hamood A.N. (1999).  Contribution of the regulatory gene lasR to the 

pathogenesis of Pseudomonas aeruginosa infection of burned mice, J. Burn. Care. Rehabil. 20: 42–49. 
55. Sakata, V., Akaike, T., Sugu, M., Ijri, S., Ando, M. and Maeda, H. (1996) Bradykinin generation triggered by 

Pseudomonas proteases facilitates invasion of the systemic circulation by Pseudomonas aeruginosa. Microbiol. 

Immun. 40 (6): 415-423. 
56. Schmidtchen, A., Holst, E., Tapper, H., and Bjorck, L. (2003). Elastase-producing Pseudomonas aeruginosa 

degrade plasma proteins and extracellular products of human skin and fibroblasts, and inhibit fibroblast 
growth. Microb. Pathog. 34:47-55. 

57. Stoodley,  P., Sauer, K., Davies, D. G. and Costerton, J. W. (2002). Biofilms as complex differentiated 

communities. Annu. Rev. Microbiol. 56:187-209. 
58. Strauss,  M., Aber, R. C. and Conner, J. H. (1982). Malignant external otitis: Long term (months) antimicrobial 

therapy. Laryngoscope. 92: 397-405. 
59. Sutherland, I.W. (2001).The biofilm matrix an immobilized but dynamic microbial environment. Trends. 

Microbiol. 9:222-227. 

60. Tang, H.B., DiMango, E., Bryan, R., Gambello, M., Iglewski, B.H., Goldberg, J.B. and Prince, A. (1996) 
Contribution of specific Pseudomonas aeruginosa virulence factors to pathogenesis of pneumonia in a 

neonatal mouse model of infection. Infect Immun; 64: 37–43. 
61. Terada, L.S., Johansen, K.A., Nowbar, S., Vasil, A.I.and Vasil, M.L. (1999) Pseudomonas aeruginosa hemolytic 

phospholipase c suppresses neutrophil respiratory burst activity. Infect Immun.67:2371–6.  
62. Todar, K., (2002) Online Textbook of Baceriology Bacteriology 330 Lecture Topics: Pseudomonas aeruginosa. 

Annual Reports of Wisconsin University USA. 



European Scholar Journal (ESJ) 
__________________________________________________________________________ 

84|P a g e  

63. Todar,K.,(2008) Online Textbook of Baceriology Bacteriology 330 Lecture Topics: Pseudomonas aeruginosa. 

Annual Reports of Wisconsin University. 

64. Van Delden C. and Iglewski B. H. (1998) Cell-to-Cell Signaling and Pseudomonas aeruginosa Infections 
.Emerg. Infect. Dis. 4:551-560. 

65. Walsh, P.N. and Ahmad, S.S. (2002). Proteases in blood clotting. Essays Biochem. 38:95-9111. 
66. William, I., Dlawer  A.A., and Tim B. (2005)Enterobacteriacae ,Bios Instant Notce, Medical Microbiology 1st ed 

. CRC Press Tylor  &Francis USA NewYork ,UK Abingdon, Chap.7. 

67. Winson, M.K., Camara,M., Latifi,A., Foglino,M., Chhabra,S.R., Daykin,M., Bally,M., Chapon,V., Salmond,G.P. 
and Bycroft,B.W., (1995).. Multiple N-acyl-L-homoserine lactone signal molecules regulate production of 

virulence determinants and secondary metabolites in Pseudomonas aeruginosa. Proc. Natl. Acad. Sci. U. S. A 
92, 9427-9431. 

68. Winsor, G.L., Van Rossum, T., Lo, R., Khaira, B., Whiteside, M.D., Hanco, R.E., Brinkman, 
F.S.(2009).Pseudomonas Genome Database: facilitating user-friendly, comprehensive comparisons of 

microbial genomes. Nucleic Acids Res. 37:D483-8. 


