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Abstract
Introduction: Pseudomonas aeruginosa is an opportunistic microorganism frequently isolated in the hospital environment. The World 
Health Organization has classified it as a critical pathogen due to its antibiotic resistance and varied virulence factors. Objective: to 
evaluate biofilm formation and the expression of virulence factors of 30 clinical isolates and two standard strains of P. aeruginosa. In 
addition, this work aims to analyze the distribution of virulence factors in the different categories of biofilm formation. Methodology: 
biofilm formation assays were performed in polystyrene microplate with crystal violet colouring, and the strains were classified. Other 
virulence factors were studied with specific phenotypic detection methods. Results: all P. aeruginosa were able to form biofilms, with 
46.9% classified as strong formers, 25% as moderate and 28.12% as weak biofilm formers. Most isolates expressed the virulence factors 
analyzed, and among them, pyoverdine was the most prevalent, followed by the production of lipases B, hemolysin, and protease. 
Lipases A showed the lowest incidence. Conclusion: although no significant correlation was detected between the biofilm formation 
of P. aeruginosa clinical isolates and virulence factors, it was observed that in the strong formers group, alkaline protease and lipases 
B were expressed in all strains. The results suggest that the pathogenicity of P. aeruginosa is a multifactorial phenomenon and that 
virulence factors, although present in most isolates, occur independently of the biofilm formation category of the studied strains.
Keywords: Pathogenicity, adherence, motility, phenotypic features 

Resumo 
Introdução: Pseudomonas aeruginosa é um micro-organismo oportunista frequentemente isolado no ambiente hospitalar e que foi 
classificado pela Organização Mundial da Saúde como patógeno crítico devido a sua resistência aos antibióticos e aos seus variados 
fatores de virulência. Objetivo: avaliar a formação de biofilme e a expressão de fatores de virulência de 30 isolados clínicos e 2 
cepas padrão de P. aeruginosa. Além disso, este trabalho objetivou analisar a distribuição dos fatores de virulência nas diferentes 
categorias de formação do biofilme. Metodologia: ensaios de formação de biofilme foram realizados em microplacas de poliestireno 
com coloração cristal violeta e as cepas foram classificadas em grupos. Outros fatores de virulência foram estudados com métodos 
específicos de detecção fenotípica. Resultados: todas as P. aeruginosa foram capazes de formar biofilmes, com 46,9% classificadas 
como fortes formadoras, 25% como moderadas e 28,12% como fracas formadoras de biofilmes. A maioria dos isolados expressou 
os fatores de virulência analisados   e dentre eles, a pioverdina foi o mais prevalente, seguido pela produção de lipases B, hemolisina 
e protease. As lipases A apresentaram menor incidência. Conclusão: embora não tenha sido detectada correlação significativa entre 
formação de biofilme e os fatores de virulência nos isolados clínicos, foi observado que nos formadores fortes houve expressão 
de protease alcalina e lipases B em todas as cepas. Os resultados sugerem que a patogenicidade de P. aeruginosa é um fenômeno 
multifatorial e que os fatores de virulência, embora presentes na maioria dos isolados, ocorrem independentemente da categoria 
de formação do biofilme das cepas estudadas.
Palavras-chave: Patogenicidade, aderência, motilidade, características fenotípicas

INTRODUCTION
P. aeruginosa is an opportunistic pathogen with a cos-

mopolitan distribution found in nature, inhabiting water, 
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soil and plants. However, it is also frequently isolated in 
the hospital environment, on equipment surfaces, sinks, 
medical devices, and moist skin regions such as the outer 
ear, armpits, and anogenital region of humans1.

This pathogen is a serious Public Health problem. 
It has been classified by the World Health Organization 
(WHO) with critical level 1 on the global list of antibiotic 
resistant bacteria with a priority need for research and de-
velopment of modern and effective antibiotic treatments2.

It is a microorganism that can cause acute infections 
with tissue damage and systemic dissemination due to 
toxin production and can cause chronic infections by the 
ability to form biofilm. Moreover, its ability to cause a 
wide range of infections lies in the variety of pathogenicity 
factors it expresses. These factors are grouped into bac-
terial cell-associated and secreted pathogenicity factors3.

Biofilm formation is a multifactorial and complex 
phenomenon that may be related to the drug used to treat 
the infectious process. Due to this ability, P. aeruginosa 
shows resistance and tolerance to treatments, and this 
complex combination is called biofilm recalcitrance4,5.

Biofilm plays a central role in several persistent and 
chronic infections; moreover, associated with biofilms, 
bacteria are protected from the actions of the host im-
mune system6,7. Furthermore, biofilm acts as a physical 
barrier, preventing the penetration and action of chemical 
compounds and the recognition of the bacteria by the 
host immune system8.

The biofilm structure acts as a protective barrier that 
allows survival in hostile environments while promoting 
cell dispersal to colonize new niches under appropriate 
conditions9. This mode of microbial growth hinders an-
timicrobial therapy since, growing in the sessile form, 
microorganisms tend to be more resistant to antimicrobial 
treatment than planktonic forms10.

In addition to sessile growth, P. aeruginosa exhibits 
various virulence factors on the cell surface or secreted 
into the extracellular environment. The predominance of 
these bacteria in environments with high selective pres-
sure, such as hospitals, can be explained by the expression 
of virulence factors associated with biofilm formation and 
the consequent increased resistance to antimicrobials 
commonly employed in these environments8.

The expression of different resistance mechanisms has 
a clinical impact, especially by compromising the efficacy 
of almost all antimicrobials due to their flexible metabolic 
capacity and genome encoding resistance genes11. In this 
context, the present work aimed to evaluate the biofilm 
formation pattern by clinical isolates of Pseudomonas 
aeruginosa and the distribution of virulence factors ac-
cording to biofilm formation categories.

METHODOLOGY

Bacterial maintenance 
In this experimental analytical study, 32 strains of 

Pseudomonas aeruginosa were evaluated. Thirty strains 

were clinical isolates isolated from secretions of trache-
ostomized children and two from corneal secretions of 
hospitalized patients (Approval of the Ethics in Research 
Committee no. 1.411.90000) from the Laboratory of Mi-
croorganism Biotechnology of the Tropical Pathology and 
Public Health Institute of the Federal University of Goiás 
and two standard American Type Culture Collection (ATCC) 
P. aeruginosa ATCC 27853 and ATCC 9027 from the Bioas-
say Laboratory of the State University of Goiás. Initially, 
the frozen aliquots of microorganisms were reactivated 
in cetrimide agar at 35.5ºC for 24h to perform the assays.

Biofilm Formation Assay 
Biofilm formation assays were performed following 

the methodology described by Stepanović et al.12 (2007) 
with modifications. Briefly, bacterial suspensions were 
prepared with previously grown isolated and typical 
colonies transferred to polystyrene microplate wells con-
taining 100μL of TSB culture medium, making an initial 
inoculum of 1x105 cfu.mL-1. Sterility controls were includ-
ed with non-inoculated wells, and the microplates were 
incubated in an oven at 35.5°C for 24h. After this period, 
a visual reading was performed, confirming bacterial 
growth and non-contamination of the controls. Then, the 
broths were removed from the wells and washed three 
times with 200 μL of sterile saline solution to remove 
non-adhered cells. 

The plates were treated with the addition of 110µL of 
1% crystal violet and incubated at room temperature for 
10 minutes; then, the dye was discarded, and the wells 
were washed five times with 200µL of distilled water. The 
plates were dried in an oven at 35.5ºC for 20 minutes. After 
this period, 110 µL of absolute ethanol was added to each 
well for solubilization of the adhered bacteria stain and 
the plate was incubated for 10 minutes. Subsequently, 
each well’s optical density (OD) readings were performed 
by the BioTek Epoch™ spectrophotometer at 492 nm13. 

The biofilm formation index was calculated by the val-
ues of the optical densities obtained from the wells using 
the formula: BF=AB-CW, where: BF – biofilm formation, 
AB – optical density of the bacteria adhered to the wells 
and CW – optical density of the non-inoculated wells. 
For the classification of biofilm formation, the following 
parameters were considered: Non-forming = AB ≤ CW, 
weakly forming = CW ≤ AB ≤ 2.CW, moderately forming 
= 2.CW < AB ≤ 3.CW and strongly forming = 3.CW < AB12.

Phenotypic study of virulence factors
The virulence factors studied were swimming and 

swarming motility, alkaline protease, hemolysin, phos-
pholipase C, lipases, and pyoverdin. Swimming motility 
was assessed by inoculating previously grown bacterial 
samples into LB broth using a sterile wooden toothpick and 
piercing the culture medium containing 5xM8 solution plus 
0.3% agar, 0.2% glucose, 0.5% casamino acid solution, and 
1mL of 1mM MgSO4. The plates were incubated at 35.5°C 
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for 16 to 24h. Motility was qualitatively analyzed by the 
formation of a circular halo formed by cell migration from 
the point of inoculation. The presence of the halo was 
considered positive, and the absence of radial growth was 
considered negative. This assay measured the degree of 
flagellum-dependent motility of P. aeruginosa14.

To verify swarming-type motility, 2.5µL of bacterial 
culture previously grown in LB broth were inoculated 
onto the surface of culture medium containing 5xM8 
solution plus 0.8% agar, 0.2% glucose, 0.5% casamino 
acid solution, and 1mL of 1mM MgSO4. The plates were 
incubated at 35.5°C for 16 to 24h, and swarming motility 
was considered positive when the colonies showed the 
appearance of growth together with the formation of 
tendril-like branching or as negative in the absence of such 
growth beyond the point of inoculation on the surface of 
the culture medium15. This assay gauged the degree of the 
flagellar-dependent motility of P. aeruginosa in gelatinous 
or viscous media16.

For alkaline protease production, bacteria were in-
oculated in spots on skim milk agar (2%) and incubated 
at 35.5°C for 24h. A translucent halo around the colonies 
indicates alkaline protease production, and the absence 
of a halo indicates a negative result17.

The hemolysins were evaluated with the growth of the 
strains on sheep blood agar incubated at 35.5°C for 24h. 
The isolates that presented a translucent halo around the 
colonies, indicating hemolysis, were considered hemolysin 
producers18.

The production of phospholipase C was evaluated 
with the incubation of microorganisms inoculated in spots 
in TSA enriched with 10% (vol/vol) egg yolk and tellurite 
solution. The plates were incubated at 35.5°C for 24h. The 
presence of a black precipitate over the growth zone is 
considered phospholipase C production, and those that 
did not show the precipitate were connon-producers19.

The lipolytic activity of P. aeruginosa was detected 
by the formation of halos around the colonies in three 
types of media to lipase A (tween 80), to lipase B (tribu-
tyrin), and to lipase C (rhodamine B)20. The base culture 
medium (1% tryptone, 0.5% yeast extract, 0.5% NaCl and 
pH 7.2) was enriched with the following components: 
medium A: 0.01% CaCl2.2H2O and 1% tween 80, medium 
B: 0.01% CaCl2.2H2O and 1% tributyrin, and medium C: 
2.5% commercial olive oil and 0.001% rhodamine B. After 
incubating the plates at 35.5°C for 24h, the appearance 
of clear zones around the bacterial colonies of media A 
and B indicate the production of catalytically active en-
zymes. Visualization of fluorescent orange halos around 
the colonies under UV light at 350nm indicates catalytic 
activity in medium C21.

Pyoverdin production was evaluated on cetrimide 
agar with incubation at 35.5°C for 24h. Readings were 
taken by subjecting the colonies to ultraviolet light and 
checking for fluorescence emission18. The P. aeruginosa 
strains ATCC 27853 and ATCC 9027 were used as controls 
for the techniques.

Statistical analyses
All tests were carried out in independent triplicates. 

Quantitative variables were ordered as means and stan-
dard deviations. Qualitative variables were presented in 
nominal form (positive/negative). Fisher’s test (QuickCalcs, 
GraphPad Software, LLC 2022) was used to assess the 
significance of differences in the distribution of virulence 
factors between biofilm formation groups (p < 0.05).

RESULTS
All P. aeruginosa (n=32) were able to form biofilms, 

with 15 (46.9%) classified as strong formers, 8 (25%) as 
moderate formers, and 9 (28.1%) as weak biofilm formers. 
The isolates Pa03, Pa11, Pa28, Pa22, Pa20 e Pa05 and 
Pa21 showed higher biofilm formation patterns. (Table 1)

Table 1 – Biofilm formation index and categories of clinical 
isolates and standard strains of P. aeruginosa.

Biofilm formation 
P. aeruginosa Index

(mean ± SD)
Categories

Pa01 0.098 ± 0.079 Moderate
Pa02 0.109 ± 0.013 Moderate
Pa03 0.278 ± 0.075 Strong
Pa04 0.134 ± 0.034 Strong
Pa05 0.175 ± 0.081 Strong
Pa06 0.184 ± 0.067 Strong
Pa07 0.087 ± 0.016 Weak
Pa08 0.128 ± 0.061 Moderate
Pa10 0.079 ± 0.049 Weak
Pa11 0.278 ± 0.092 Strong
Pa12 0.138 ± 0.047 Strong
Pa13 0.063 ± 0.013 Weak
Pa14 0.064 ± 0.027 Weak
Pa15 0.155 ± 0.080 Strong
Pa16 0.118 ± 0.054 Moderate
Pa17 0.097 ± 0.042 Moderate
Pa18 0.073 ± 0.024 Weak
Pa19 0.064 ± 0.018 Weak
Pa20 0.178 ± 0.046 Strong
Pa21 0.174 ± 0.074 Strong
Pa22 0.190 ± 0.073 Strong
Pa23 0.168 ± 0.084 Strong
Pa24 0.126 ± 0.055 Moderate
Pa26 0.101 ± 0.054 Moderate
Pa27 0.118 ± 0.061 Moderate
Pa28 0.197 ± 0.141 Strong
Pa29 0.148 ± 0.052 Strong
Pa30 0.149 ± 0.052 Strong
Pa31 0.069 ± 0.014 Weak
Pa32 0.074 ± 0.013 Weak
PaATCC 27853 0.079 ± 0.019 Weak
PaATCC 9027 0.149 ± 0.052 Strong

Pa = Pseudomonas aeruginosa, SD = standard deviation, ATCC = Ame-
rican Type Culture Collection 

Source: research data
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Table 2 shows the other virulence factors studied. 
Pyoverdin was the most prevalent in all 32 P. aeruginosa, 
followed by hemolysin production in 30 (93.7%) protease 

and lipases B in 29 (90.6%) each. The virulence factors with 
the lowest incidence were lipases A found in 13 (40.6%) 
and lipases C in 21 (65.6%) isolates. 

Table 2 – Virulence factors of clinical isolates and standard strains of P. aeruginosa.

Virulence factors 
Strains Swi Swa AP Hemo PhosC LipA LipB LipC Pyov

Pa01 + + + + - - + - +
Pa02 + + + + + - + + +
Pa03 - + + + - - + + +
Pa04 + + + + + + + - +
Pa05 - + + + + + + - +
Pa06 + + + + + - + + +
Pa07 + + + + - + + + +
Pa08 + + + + - - + + +
Pa10 + + + + + + + + +
Pa11 + + + + - - + + +
Pa12 + + + + + + + + +
Pa13 + - - + + - + + +
Pa14 + + + + + + + + +
Pa15 + + + + + - + + +
Pa16 + + - + + + + - +
Pa17 - - - + - - + - +
Pa18 - + + + - - - - +
Pa19 - - + + + - + - +
Pa20 + + + + + + + + +
Pa21 + + + + + - + + +
Pa22 + - + + + - + - +
Pa23 + - + + + + + + +
Pa24 + - + + + - + + +
Pa26 - + + + + - + - +
Pa27 + - + - + - + + +
Pa28 + + + + + - + + +
Pa29 + + + - + - + + +
Pa30 + + + + + + + + +
Pa31 + - + + + + + + +
Pa32 + - + + + - + + +
PaATCC 27853 + + + + + + + + +
PaATCC 9027 + + + + - + + + +

Pa = P. aeruginosa, Swi = swimming, Swa = swarming, AP = Alkaline protease, Hemo = hemolysin, PhosC = phospholipase C, LipA = lipase A, LipB 
= lipase B, LipC = lipase C, Pyov = pyoverdine, + = positive, – = negative, ATCC = American Type Culture Collection

Source: research data

The prevalence of virulence factors in biofilm for-
mation categories was evaluated among the strong, 
moderate, and weak categories. The significance of the 
differences was checked by Fisher’s paired two-tailed test 
(p < 0.05) (Table 3).

Pyoverdine, protease and lipase B were detected in 
all P. aeruginosa strong biofilm formers, hemolysin in 
93.3%, swarming motility in 86.7% and phospholipase C 

and lipase C in 80% of the bacteria in this category. The 
moderate biofilm formers group showed the predomi-
nance of pyoverdin and lipase medium B production in 
all isolates and hemolysin detection in 87.5%. The most 
prevalent virulence factors in the weak biofilm formers 
category were pyoverdine and hemolysin in 100% of the 
isolates and protease and lipase B in 88.9%. Lipase A was 
the least detected phenotypic characteristic in all groups.
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Table 3 – Distribution of virulence factors according to the biofilm formation groups of clinical isolates and standard strains of 
P. aeruginosa.

Categories of biofilm formation p

VF Total 
n=32

Strong
n=15 

Moderate
n=8 

Weak 
n=9

SF vs WF MF vs WF SF vs MF

Swi 26 (81.2%) 13 (86.7%) 6 (75%) 7 (77.8%) 0.6146 1.0000 0.5889
Swa 23 (71.9%) 13 (86.7%) 5 (62.5%) 5 (55.5%) 0.1501 0.2969 0.1501
AP 29 (90.6%) 15 (100%) 6 (75%) 8 (88.9%) 0.3750 5.765 0.1107
Hemo 30 (93.7%) 14 (93.3%) 7 (87.5%) 9 (100%) 1.0000 0.4706 1.0000
PhosC 24 (75%) 12 (80%) 5 (62.5%) 7 (77.8%) 1.0000 0.6199 0.6214
LipA 13 (40.6%) 7 (46.7%) 1 (12.5%) 5 (55.5%) 1.0000 0.1312 0.1763
LipB 31 (96.9%) 15 (100%) 8 (100%) 8 (88.9%) 0.3750 1.0000 1.0000
LipC 23 (71.9%) 12 (80%) 4 (50%) 7 (77.8%) 1.0000 0.3348 0.1819
Pyov 32 (100%) 15 (100%) 8 (100%) 9 (100%) 1.0000 1.0000 1.0000

p = significance level of differences (p < 0.05), FV = Virulence Factors, Swi = swimming, Swa = swarming, AP = Alkaline protease, Hemo = hemolysin, 
PhosC = phospholipase C, LipA = lipase A, LipB = lipase B, LipC = lipase C, Pyov = pyoverdine, SF = Strong formers of biofilm, MF = Moderate formers 
of biofilm, vs = versus, WF = Weak formers of biofilm.

Source: research data

DISCUSSION
The pathogenicity of P. aeruginosa is a multifactorial 

process determined by a wide range of virulence factors 
associated with the ability to resist the host immune re-
sponse and the presence of antibacterials22,23. 

Over 70% of the isolates analyzed could form strong 
or moderate biofilms. In recent works, the ability of Pseu-
domonas aeruginosa to form biofilms was found to vary 
from 34 to 59%23-25. 

Sessile microbial growth in the form of biofilm is pres-
ent in more than 80% of microbial infections associated 
with catheters, implants, and urinary tract infections, 
among others, and usually produces persistent chronic 
infections26. Virulence factors such as biofilm formation, 
extracellular enzyme production, secondary metabolites, 
and motility, among others, are associated with pheno-
typic characteristics that can be regulated by quorum 
sensing27.

Surface motility is a complex adaptation that leads to 
resistance to antibiotics and various drugs and the produc-
tion of virulence factors in P. aeruginosa. This phenome-
non is receiving increasing attention from researchers as 
it relates to the development of P. aeruginosa1,15.

Motility is related to the type of motility, adhesion, 
and colonization, which are considered early stages of 
biofilm formation. Furthermore, P. aeruginosa has a 
higher motility capacity associated with strong biofilm 
formation when compared to other species in the genus28.

Although the incidence of swimming and swarming 
type motilities was not significant in the strong formers 
compared to the other groups, it was possible to observe 
that most of the strains in this group (86.70%) showed 
positive swimming motility, while swarming motility was 
slightly lower in the group that formed less biofilm. The 
result is similar to a previous study29, in which no signif-
icant association was observed between motility types 

and biofilm formation ability (p > 0.05) in P. aeruginosa 
strains from environmental sources.

Surface-associated bacterial motility plays an essen-
tial role in biofilm formation and spatial arrangement by 
overcoming the electrostatic repulsion force of cell surfac-
es and participating in the initial colonization phase of the 
host cell surface30 through adhesion by motility structures 
such as flagella and type IV pili31. 

Extracellular proteases, especially alkaline proteases, 
contribute to the adhesion of bacteria. Hemolysin produc-
tion determines pathogenicity, as it degrades host tissues, 
allows for invasion and dissemination, and invades the 
immune response. Phospholipase C, on the other hand, 
preferentially hydrolyzes lipids containing quaternary 
ammonium groups found in eukaryotic membranes and 
inactivates pulmonary surfactant, which may be respon-
sible for atelectasis associated with chronic and acute P. 
aeruginosa lung infections32.

Lipases are involved in lipid signalling, influencing 
the virulent phenotypes of P. aeruginosa, especially LipA 
and LipC. LipA is associated with decreased pyoverdine 
production in iron-deprived media, and LipC affects mo-
tility, rhamnolipid production, and biofilm formation33. 
Thus, pyoverdine is the main siderophore produced by P. 
aeruginosa and is evident in colonies under iron-deficient 
conditions. In addition to obtaining iron by excretion, 
followed by incorporation after chelating ferric iron, it 
is associated with the formation of recurrent biofilms in 
the lungs34.

Pyoverdine is also associated with its regulation and 
in the regulation of other virulence factors through the 
recognition of the pyoverdine-iron complex at the level 
of the cell outer membrane, promoting a cascade of 
cytoplasmic signals, which will regulate genes involved 
in the synthesis of pyoverdine, endoprotease and ToxA32. 

Similar to our work, in another study, it was found that 
92% of P. aeruginosa expressed hemolysin, 86% lipases, 
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86% protease, and 84% formed biofilm. However, unlike 
our work, the authors found a relationship between 
biofilm production and the presence of virulence genes 
and antimicrobial resistance35.

CONCLUSIONS
In this work, we identified that all P. aeruginosa 

were able to form biofilm, that most isolates expressed 
the virulence factors studied, and that there was no 
correlation between biofilm formation and swimming 
and swarming motilities, alkaline protease, hemolysin, 
phospholipase C, lipases in A, B and C, and pyoverdine. 

Although no correlation was detected between the 
biofilm formation of P. aeruginosa clinical isolates and 
the virulence factors studied, we observed that in the 
strong formers group, there was expression of alkaline 
protease and lipase B in all strains, in the moderate 
formers group, lipase B was found in 100% of isolates, 
and all isolates in the weak formers group produced 
hemolysin.

In another study, the virulence factors of 302 P. 
aeruginosa isolates were analyzed, and no relevant cor-
relations between biofilm formation rate and virulence 
factors were found either24. However, data on the inter-
action between the presence and mechanisms of biofilm 
formation and virulence are fundamental to addressing 
chronic bacterial infections and providing strategies for 
their daily management28.

Our results suggest that the pathogenicity of P. 
aeruginosa is a multifactorial phenomenon and that 
virulence factors, although present in most isolates, 
occur independently of the biofilm formation category 
of the P. aeruginosa studied.

ACKNOWLEDGMENTS
To the National Council for Scientific and Techno-

logical Development (CNPq) for granting resources for 
the research project “ATIVIDADE ANTIMICROBIANA DE 
COMPOSTOS QUITOSÂNICO-GUANILADOS” Universal 
Edital n° 01/2016. The Coordination for the Improvement 
of Higher Level Personnel (CAPES) for granting a schol-
arship to the second author.

REFERENCES
1. Balasubramanian D, Schneper L, Kumari H, Mathee K. A dynamic 
and intricate regulatory network determines Pseudomonas aerugi-
nosa virulence. Nucleic acids res. 2013;41(1):1-20. doi: https://doi.
org/10.1093/nar/gks1039

2. World Health Organization. Global Priority List of Antibiotic – Re-
sistant Bacteria To Guide Research, Discovery And Development of 
New Antibiotics [Internet]. Geneva: World Health Organization; 2017. 
[cited 2023 jan 20]. Disponível em: https://www.who.int/news/item/
27-02-2017-who-publishes-list-of-bacteria-for-which-new-antibioti-
cs-are-urgently-needed

3. Paz-Zarza VM, Mangwani-Mordani S, Martínez-Maldonado A, 
Álvarez-Hernández, D, Solano-Gálvez SG, Vázquez-López R. Pseudo-

monas aeruginosa: patogenicidad y resistencia antimicrobiana en la 
infección urinaria. Rev chil infectol. 2019;36(2):180-9. doi: http://doi.
org/10.4067/S0716-10182019000200180 

4. Lebeaux D, Ghigo JM, Beloin C. Biofilm-related infections: bridging the 
gap between clinical management and fundamental aspects of recalci-
trance toward antibiotics. Microbiol Mol Biol Rev. 2014;78(3):510-43. 
doi: https://doi.org/10.1128/MMBR.00013-14

5. Ciofu O, Tolker-Nielsen T. Tolerance and resistance of Pseudomonas 
aeruginosa biofilms to antimicrobial agents—how P. aeruginosa can 
escape antibiotics. Front. Microbiol. 2019;10:1-15. doi: https://doi.
org/10.3389/fmicb.2019.00913 

6. Wei Q, Ma LZ. Biofilm matrix and its regulation in Pseudomonas 
aeruginosa. Int J Mol Sci. 2013;14(10):20983-21005. doi: https://doi.
org/10.3390/ijms141020983 

7. Van Laar TA, Esani S, Birges TJ, Hazen B, Thomas JM, Rawat M. 
Pseudomonas aeruginosa gshA mutant is defective in biofilm formation, 
swarming, and pyocyanin production. Msphere. 2018;3(2):1-13. doi: 
https://doi.org/10.1128%2FmSphere.00155-18 

8. Masák J, Čejková A, Schreiberová O, Řezanka T. Pseudomonas biofil-
ms: possibilities of their control. FEMS microbiol ecol. 2014;89(1):1-14. 
doi: https://doi.org/10.1111/1574-6941.12344 

9. Chegini Z, Khoshbayan A, Taati Moghadam M, Farahani I, Jazireian 
P, Shariati A. Bacteriophage therapy against Pseudomonas aeruginosa 
biofilms: a review. Ann Clin Microbiol Antimicrob. 2020;19(45):1-17. doi: 
https://doi.org/10.1186/s12941-020-00389-5 

10. Plyuta V, Zaitseva J, Lobakova E, Zagoskina N, Kuznetsov A, Khmel 
I. Effect of plant phenolic compounds on biofilm formation by Pseu-
domonas aeruginosa. Apmis. 2013; 121(11):1073-81. doi: https://doi.
org/10.1111/apm.12083 

11. Rocha AJ, Barsottini MRO, Rocha RR, Laurindo MV, Moraes FLL, 
Rocha SL. (2019) Pseudomonas aeruginosa: Virulence Factors And 
Antibiotic Resistance Genes. Braz Arch Biol Technol. 2019;62:1-15. doi: 
https://doi.org/10.1590/1678-4324-2019180503 

12. Stepanović S, Vuković D, Hola V, Bonaventura GD, Djukić S, Ćirković 
I, et al. Quantification of biofilm in microtiter plates: overview of testing 
conditions and practical recommendations for assessment of biofilm 
production by staphylococci. Apmis. 2007;115(8):891-9. doi: https://
doi.org/10.1111/J.1600-0463.2007.Apm_630.X

13. Naves P, del Prado G, Huelves L, Gracia M, Ruiz V, Blanco J, et al. 
Correlation between virulence factors and in vitro biofilm formation 
by Escherichia coli strains. Microbial pathogenesis. 2008;45(2):86-91. 
doi: https://doi.org/10.1016/j.micpath.2008.03.003 

14. Ha D, Kuchma SL, Toole GAO. Ensaio baseado em placa para motili-
dade em Pseudomonas aeruginosa. Pseudomonas Methods Protocols. 
2014a;1149:67-72. doi: https://doi.org/10.1007/978-1-4939-0473-0

15. Tremblay J, Déziel E. Improving the reproducibility of Pseudo-
monas aeruginosa swarming motility assays. J Basic Microbiol. 
2008;48(6):509-15. doi: https://doi.org/10.1002/Jobm.200800030 

16. Ha D, Kuchma SL, Toole GAO. Ensaio Baseado Em Placa Para Motili-
dade Swimming em Pseudomonas aeruginosa. Pseudomonas Methods 
Protocols. 2014b; 1149:59–65. doi: https://doi.org/10.1007/978-1-
4939-0473-0_7

17. Jagger KS, Bahner DR, Warren RL. Protease phenotypes of Pseu-
domonas aeruginosa isolated from patients with cystic fibrosis. J Clin. 
Microbiol. 1983;17(1):55-59. doi: https://doi.org/10.1128/jcm.17.1.55-
59.1983 



691Rev. Ciênc. Méd. Biol., Salvador, v. 22, n. 4, p. 685-691, edição especial 2023

18. Win Junior W, Allen S, Janda W, Koneman E, Procop G, Schrecken-
berger P, et al. Bacilos Gram-Negativos Não-Fermentadores. In: Diag-
nóstico Microbiológico. Rio De Janeiro: Ed. Guanabara Koogan; 2008.

19. Habermann E, Hardt KL. A sensitive and specific plate test 
for the quantitation of phospholipases. Analytical biochemistry. 
1972;50(1):163-73. doi: https://doi.org/10.1016/0003-2697(72)90495-2

20. Choo DW, Kurihara T, Suzuki T, Soda K, Esaki N. A cold-adapted lipase 
of an Alaskan psychrotroph, Pseudomonas sp. strain B11-1: gene cloning 
and enzyme purification and characterization. AEM. 1998;64(2):486-91. 
doi: https://doi.org/10.1128/aem.64.2.486-491.1998 

21. Hasan F, Shah AA, Hameed A. Methods for detection and 
characterization of lipases: a comprehensive review. Biotechnol 
adv. 2009;27(6):782-98. doi: https://doi.org/10.1016/J.Biote-
chadv.2009.06.001

22. Strateva T, Mitov I. Contribution of an arsenal of virulence factors 
to pathogenesis of Pseudomonas aeruginosa infections. Ann Microbiol. 
2011;61(4):717-32. doi: https://doi.org/10.1007/s13213-011-0273-y

23. MKK F, Najnin A, Farzana Y, Rashid MA, Deepthi S, Srikumar C,. 
Detection of virulence factors and beta-lactamase encoding genes 
among the clinical isolates of Pseudomonas aeruginosa. Int J Pharm 
Res. 2019;45:190-202. doi: https://doi.org/10.48550/arXiv.1902.02014 

24. Gajdács M, Baráth Z, Kárpáti K, Szabó D, Usai D, Zanetti S, et al. No 
correlation between biofilm formation, virulence factors, and antibiotic 
resistance in Pseudomonas aeruginosa: results from a laboratory-based 
in vitro study. Antibiotics. 2021;10(9):1-16. doi: https://doi.org/10.3390/
antibiotics10091134

25. Nawaz Z, Zahoor MA, Siddique AB, Abdulhaq N. Association of 
biofilm production with multidrug resistance in clinical isolates of 
Pseudomonas aeruginosa. JAC – Antimicrobial Resistance. 2023;5(Su-
ppl 1):dlac133-017. doi: https://doi.org/10.1093/jacamr/dlac133.017

26. Luo J, Dong B, Wang K, Cai S, Liu T, Cheng X, et al. Baicalin inhibits 
biofilm formation, attenuates the quorum sensing-controlled virulence 
and enhances Pseudomonas aeruginosa clearance in a mouse peri-
toneal implant infection model. PloS ONE. 2017;12(4):e0176883. doi: 
https://doi.org/10.1371/journal.pone.0176883

27. Subhaswaraj P, Barik S, Macha C, Chiranjeevi PV, Siddhardha B. Anti 
quorum sensing and anti biofilm efficacy of cinnamaldehyde encapsu-
lated chitosan nanoparticles against Pseudomonas aeruginosa PAO1. 
Lwt. 2018;97:752-9. doi: https://doi.org/10.1016/j.lwt.2018.08.011

28. Otton LM, da Silva Campos M, Meneghetti KL, Corção G. Influence of 
twitching and swarming motilities on biofilm formation in Pseudomonas 
strains. Arch Microbiol. 2017;199:677-82. doi: https://doi.org/10.1007/
s00203-017-1344-7 

29. Behzadi P, Gajdács M, Pallós P, Ónodi B, Stájer A, Matusovits D, 
et al. Relationship between Biofilm-Formation, Phenotypic Virulence 
Factors and Antibiotic Resistance in Environmental Pseudomonas 
aeruginosa. Pathogens. 2022; 11(9):1-14. doi: https://doi.org/10.3390/
pathogens11091015 

30. Ghanbari A, Dehghany J, Schwebs T, Müsken M, Häussler S, Me-
yer-Hermann M. Inoculation density and nutrient level determine the 
formation of mushroom-shaped structures in Pseudomonas aerugi-
nosa biofilms. Sci Rep. 2016;6(1): 1-12. doi: https://doi.org/10.1038/
srep32097

31. Thi MTT, Wibowo D, Rehm BH. Pseudomonas aeruginosa biofil-
ms. Int J Mol Sci. 2020; 21(22):86-71. doi: https://doi.org/10.3390/
ijms21228671

32. Kipnis E, Sawa T, Wiener-Kronish J. Targeting mechanisms of Pseu-
domonas aeruginosa pathogenesis. Méd mal infect. 2006;36(2):78-91. 
doi: https://doi.org/10.1016/j.medmal.2005.10.007

33. Funken H, Knapp A, Vasil ML, Wilhelm S, Jaeger KE, Rosenau F. The 
lipase LipA (PA2862) but not LipC (PA4813) from Pseudomonas aerugi-
nosa influences regulation of pyoverdine production and expression of 
the sigma factor PvdS. J Bacteriol. 2011; 193(20):5858-60. doi: https://
doi.org/10.1128/JB.05765-11

34. Saha R, Saha N, Donofrio RS, Bestervelt LL. Microbial siderophores: 
a mini review. J Basic Microbiol. 2013;53(4):303-17. doi: https://doi.
org/10.1002/jobm.201100552

35. El-Halim A, Nora Z. Phenotypic and molecular characteristics of 
Pseudomonas aeruginosa isolated from burn unit. Egypt J Med Mi-
crobiol. 2021;30(1):19-28. doi: https://doi.org/10.51429/EJMM30103

Submetido em:07/03/2023 
Aceito em: 19/09/2023

Biofilm formation and virulence factors distribution among clinical 
isolates of Pseudomonas aeruginosa


