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Introduction 

Pseudomonas aeruginosa (P. aeruginosa) 

is the most frequent Gram-negative organism 

accused in severe ocular infections including 

endophthalmitis, infectious keratitis and 

conjunctivitis [1,2], which mostly caused by an 

exogenous source of infection as P. aeruginosa is 

not a part of the normal bacterial flora [3]. 
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A B S T R A C T 

Background:  Pseudomonas aeruginosa can cause several ocular infections that are 

associated with adverse outcomes, owing to the production of different virulence 

factors that are regulated by quorum-sensing (QS) mechanisms. The current study 

aims to detect different QS dependent virulence factors, antibiotic resistance patterns 

in P. aeruginosa associated with ocular infections to correlate them with QS genes 

and to assess their impact on visual outcome. Methods: several ocular specimens 

were collected for isolation of P. aeruginosa. Antibiotic susceptibility was evaluated. 

The presence of QS genes (rhlR and lasR) was identified by PCR. The isolates were 

assessed for their capability to produce virulence factors such as pyocyanin, protease, 

twitching motility, exopolysaccharides, and biofilm. Results: Out of 55 P. aeruginosa 

isolates, 38.2% were MDR, 29.1% were XDR, and 12.7% were PDR. The highest 

sensitivity was to meropenem 67.3% while the lowest sensitivity was to 

ceftazidime18.2%. The frequency of studied virulence factors, exopolysaccharides 

production, biofilm formation, twitching motility, protease, and pyocyanin 

production was 94.5%, 89.1%, 83.6%, 81.8%, and 78.2% respectively. Quorum-

sensing genes lasR and rhlR were identified in 89% and 81.8% of the isolates 

respectively. The assessed virulence factors and antibiotic resistance pattern were 

significantly correlated with the presence of QS system. Conclusion: This study 

emphasized the importance of the QS system in regulating the formation of virulence 

factors and antimicrobial resistance in P. aeruginosa. Consequently, anti-QS and anti-

virulence therapy can be a promising substitute to antibiotic therapy currently 

available. 

https://mid.journals.ekb.eg/
https://creativecommons.org/licenses/by/4.0/


Mohamed EA et al. / Microbes and Infectious Diseases 2023; 4(2): 575-589 

Endophthalmitis is a catastrophic vision 

threatening complication to both patients and 

ophthalmic surgeons [4,5]. Two forms of 

endophthalmitis coexist, the first one is the 

endogenous form that usually occurs in 

immunocompromised patients associated with 

systemic infections and the second one is the 

exogenous form that can occur following ocular 

surgeries especially cataract and glaucoma 

surgeries, intravitreal injection, and penetrating 

ocular trauma [6]. 

Pseudomonas keratitis is another 

devastating ocular infection that mostly occurs in 

contact lens wearers and following ocular trauma, it 

can rapidly progress to corneal perforation and 

melting with subsequent visual loss, therefore, early 

diagnosis and treatment is crucial in such cases [7]. 

Moreover, P. aeruginosa conjunctivitis is another 

form of serious ocular infection, as P. aeruginosa 

does not normally exist on the ocular surface, cases 

of P. aeruginosa conjunctivitis usually develop in 

patients with artificial devices in the eye [8,9]. 

Different virulence factors work together 

to determine the pathogenesis and fate of P. 

aeruginosa ocular infection including its ability to 

adapt to different environmental conditions, to 

produce variable virulence factors as pyocyanin, 

protease, and biofilm formation, along with 

development of multi drug resistance (MDR), 

extensive drug resistance (XDR) and pan drug 

resistance (PDR). All these factors contribute to 

extensive damage to the eye, decreasing the efficacy 

of antibiotic use with subsequent loss of vision 

[10,11]. 

 Quorum sensing (QS) plays an important 

role in cell-cell communication, information 

transmission, interaction, and control of the 

production of different virulence factors through 

what are called auto-inducers [12]. las and rhl are 

the two main components of the pathways involved 

in regulation of QS in P. aeruginosa which are 

composed of auto-inducer synthases (lasI and rhlI, 

respectively) and their cognate transcriptional 

regulators (lasR and rhlR, respectively). Expression 

of multiple virulence factors is attributed to these 

systems [13]. The study was designed to detect 

different QS virulence factors, antibiotic resistance 

patterns in P. aeruginosa associated with ocular 

infections to correlate them with QS genes, and to 

assess their impact on visual outcome.

Methods 

Study setting and study subjects 

This cross-sectional study was carried out at the 

Medical Microbiology and Immunology 

Department in collaboration with Ophthalmology 

Department, Faculty of Medicine, Tanta University 

over nine months duration from April 2022 to 

December 2022. Prior to commencing the study, 

ethical clearance was obtained from Tanta 

University's Research Ethics Committee faculty of 

medicine (approval code 35417/4/22). This study 

was performed in accordance with The Declaration 

of Helsinki guidelines. All cases who had symptoms 

and signs of ocular infections with culture-

confirmed P. aeruginosa infections (Conjunctivitis, 

keratitis, endophthalmitis) were enrolled in this 

research. Written informed consent was attained 

from each participant in the study.  

Sample collection 

The type of sample was collected from each patient 

according to the type of the clinical infection. A 23-

G pars plana vitrectomy (PPV) was performed by a 

single experienced surgeon (AEN). After creation of 

vitrectomy ports, aspiration of the vitreous fluid (at 

least 50 ul) was performed using a vitrectomy cutter 

either while turning off the infusion cannula or 

under air to maintain   suitable pressure in the eye. 

Corneal scraping was performed under topical 

anesthesia at the slit lamp. Instruments like cotton 

tipped applicator, metallic kimura spatula or 

surgical blade were used. Before scraping, loose 

mucus, discharge or debris were removed to avoid 

contamination. Scraping should be directed at the 

edges and the base of the ulcer. Conjunctival sample 

was collected from the inferior fornix by using 

sterile cotton swabs. To be revised by 

ophthalmologist 

Identification of P. aeruginosa isolates 

The ocular specimens were cultivated on blood, 

MacConkey’s agar, and nutrient agar plates (Oxoid 

UK) and then incubated at 37◦C for 24 h aerobically. 

The presumed colonies of P. aeruginosa were 

studied according standard microbiological and 

biochemical tests by being glucose and lactose non 

fermenter, oxidase, catalase positive, and along with 

the distinctive fruity [14]. The isolates were 

confirmed by the automatic VITEK 2 (BioMérieux, 

Marcy l’Étoile, France). Pseudomonas aeruginosa 

strains were stored at -80 °C in brain heart infusion 

broth containing 20% glycerol and sub-cultured 

prior testing. 
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Antibiotic susceptibility testing 

The standardized Kirby-Bauer disc-diffusion 

method was done on Mueller-Hinton agar plate 

(Oxoid, UK). As per clinical and laboratory 

standards institute (CLSI) guidelines [15]. The used 

antibiotics were (Oxoid UK); tobramycin (10µg) 

amikacin (30 µg), gentamicin (10 µg), ciprofloxacin 

(5 µg), imipenem (10 µg), piperacillin/tazobactam 

(100 μg /10 μg), cefepime (30 µg), aztreonam 

(30 μg), levofloxacin (5 µg), ceftazidime (30 µg), 

meropenem (10 µg). Multi-drug resistance was 

interpreted if P. aeruginosa isolate was resistant  to 

at least one agent in three or more antibiotic classes, 

while XDR phenotype was characterized if the 

strain was resistant to at least one agent in every 

antimicrobial category except two or fewer (i.e., 

only one or two antimicrobials remain active against 

the bacteria). Pan drug resistant is categorized if the 

P. aeruginosa isolates were resistant to all agents in 

all antimicrobial classes [16].  

Extracellular protease activity 

Protease production was assessed by streaking P. 

aeruginosa isolate onto skim milk agar plates (25% 

nutrient broth (Oxoid UK), 10% defatted milk 

granules, and 2% agar), and incubated at 37 °C for 

24 h. The presence of a clear zone around the 

colonies was indicative of proteolytic activity [11].  

Motility assay 

The motility was evaluated as described by Kus et 

al. each isolate was stabbed to the bottom 1% Luria–

Bertani agar plate (Tryptone, yeast extract, sodium 

chloride and agar) (Oxoid UK) using a sterile 

toothpick and then after overnight incubation at 

37°C. Twitching motility was assessed by the 

occurrence of a hazy zone around the point of 

inoculation [17].  

Pyocyanin pigment production 

Pyocyanin production was determined qualitatively 

by inoculation of P. aeruginosa in modified 

Pseudomonas broth medium that contain the 

following ingredients (4 g of Pseudomonas broth 

(Oxoid, UK), 20 g of dextrose, 1.4 g of magnesium 

Chloride, 20 g of peptone, 50 ml of glycerol, and 

10 g of potassium sulfate) incubation for 2–3 days at 

35 ◦C with 150 rpm shaking. The alteration in color 

of the pigment to blush green was indicative for 

pigment production [18].  

Exopolysaccharide production assay  

Pseudomonas aeruginosa isolate's capacity to 

produce exopolysaccharides was evaluated as 

described by Nassar et al., P. aeruginosa isolates 

were streaked onto Congo red agar (Brain heart 

infusion broth (37 gm/l), sucrose (5 gm/l), agar (10 

gm/l) and Congo red dye (0.8 gm/l). (Sigma -

Aldrich Co., USA) and then incubated at 37°C for 

24 hours. Exopolysaccharide-producing strains 

formed black colonies, while non-

exopolysaccharide-producing isolates yielded red 

colonies [19]. 

Biofilm detection 

The ability of P. aeruginosa to develop biofilm was 

evaluated using tissue culture plate method as 

previously explained by Stepanovic et al. [20] 

Briefly, tryptic soy broth (Oxoid UK) containing 1% 

glucose (TSBG) was inoculated with the tested 

bacteria and incubated for 24 hours at 37 ◦C. Then, 

the suspension of each isolate was standardized to 

0.2 at OD600nm with TSBG medium and 

transferred to sterile flat-bottomed 96-well 

microtiter plates. Following overnight incubation at 

37 ◦C. Each well was aspirated and washed three 

times using phosphate buffered saline (200 μl) to get 

rid of planktonic non adherent bacteria, the wells 

were dried in air. Absolute methanol was added to 

fix the adhered biofilms for 15 minutes. Methanol 

was then removed, and the fixed biofilm was stained 

for 10-15 minutes with of 1% crystal violet (Sigma 

-Aldrich Co., USA). The plate was rinsed with water 

and left to air dry. 2 mL of 95% ethyl alcohol was 

added to solubilize the biofilm. Wells containing 

only growth medium without culture inoculation 

were used as negative controls. The optical density 

(OD) was measured at 570 nm with a microtiter 

plate reader (BioTek, USA). The isolates were 

categorized as non-biofilm producer (no variation in 

OD over the control), weak biofilm producer (up to 

a 2-fold change), moderate biofilm producer (up to 

4-fold change), or strong biofilm producer (more 

than 4-fold change). As described by Di Domenico 

et al. [21] 

Molecular detection of quorum-sensing genes 

lasR and rhlR  

Quorum-sensing genes lasR and rhlR were detected 

by PCR as described by Zhu et al., using a panel of 

primer lasR -F 5’- 

AAGTGGAAAATTGGAGTGGAG -3’; lasR -R 

5’- GTAGTTGCCGACGACGATGAAG-3’ and 

rhlR -F 5’- TGCATTTTATCGATCAGGGC -3’; 

rhlR -R 5’- CACTTCCTTTTCCAGGACG-3’ [22]. 

Primers were supplied by (Invitrogen Thermofisher 

Scientific). The genomic DNA of P. aeruginosa   

isolates were extracted using a DNA extraction kit 

(QIAprep Spin Miniprep Kit) according to the 

577

https://thesaurus.yourdictionary.com/interpreted
https://thesaurus.yourdictionary.com/characterized
https://thesaurus.yourdictionary.com/standardized


Mohamed EA et al. / Microbes and Infectious Diseases 2023; 4(2): 575-589 

manufacturer's instructions. The PCR amplification 

was performed in a thermocycler. The reaction 

mixtures were prepared in a total volume of 25μl. 

Amplification cycles parameters were denaturation 

at 94°C for 1 minute, primers annealing at 52°C for 

1 minute, and then primer extension at 72°C for 1.5 

minutes, for 30 cycles [22]. Amplified DNA was 

detected by agarose gel electrophoresis. PCR 

products were compared to 100bp DNA ladder 

markers (Euroclone, UK catalog number 

EMR814100) to determine their molecular size.  

Statistical analysis 

Data processing and analysis were done 

using IBM SPSS Statistics for Windows, Version 

25.0. (IBM Corp, 2017). Qualitative data were 

presented as numbers and percentage of total. Chi-

Square test was used for comparing categorical data 

between 2 groups. Fisher's Exact Test was used to 

compare categorical data between 2 groups when 

the expected count is less than 5. p value ≤ 0.05 was 

considered statistically significant. 

Results 
The present study included 55 cases of 

microbiologically confirmed P. aeruginosa ocular 

infections: 30 cases of endophthalmitis (20 post 

traumatic, 8 post operative and 2 following 

intravitreal injection), 20 cases of pseudomonas 

keratitis and 5 cases of pseudomonas conjunctivitis. 

There was a male gender predominance representing 

56,4% of cases. The mean ± SD of the best corrected 

visual acuity (BCVA) by log MAR was 1.4 ± 0.4. 

Evisceration was performed in 14.5% of cases. The 

baseline demographic and clinical data was 

illustrated in table (1). 

Antibiotic sensitivity tests were done to all 

P. aeruginosa isolates, the highest sensitivity was 

detected to meropenem followed by piperacillin-

tazobactam, imipenem, amikacin, levofloxacin, 

tobramycin, gentamicin, aztreonam, ciprofloxacin 

and cefepime (67.3%, 61.8%, 60%, 45.5%, 43.6%, 

43.6%, 41.8%, 41.8%, 36.4 and 25.5% respectively) 

while the lowest sensitivity was reported to 

ceftazidime (18.2%). Most of the isolates were 

found to be MDR representing 38.2% as shown in 

table (2). Also, the heat map was conducted to show 

the distribution of antibiotics resistance in all P. 

aeruginosa isolates as shown in figure (1a).  

Regarding the ability of the isolates to 

produce different virulence factors, most of them 

were biofilm producers, motile and had proteolytic 

activity representing 89.1%, 83.6% and 81.8% 

respectively. Pyocyanin and exopolysaccharides 

production were detected in 78.2% and 94.5% 

respectively as illustrated in table (3) and figure 

(1b). 

Tables 4, 5 and (Figures 1c,2,3) show the 

prevalence of lasR and rhlR genes by PCR, lasR was 

detected in 49 out of 55 PA isolates while 45 isolates 

harbored rhlR genes. There was statistically 

significant difference (p value <0.001) between lasR 

positive and negative and rhlR positive and negative 

isolates as regarding motility, biofilm, protease, 

pyocyanin production and drug resistance. 

Moreover, exopolysaccharides production was 

statistically significant different between lasR 

positive and negative and rhlR positive and negative 

isolates (p value was 0.001 and 0.005 respectively)  

Table 6 shows the impact of different 

virulence factors, lasR gene and rhIR gene on the 

visual outcome in the studied patients. It was 

reported that production of these factors including 

biofilm, pyocyanin, motility, protease and 

exopolysaccharide was associated with worse visual 

outcomes with recorded statistical significance (p 

value of 0.001 regarding biofilm and <0.001 

concerning other factors). In addition, the presence 

of lasR and rhIR genes resulted in poorer BCVA 

with p value <0.001. 
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Table 1. Demographic data of studied patients. 

Variables N (%) N =55 / Mean ± SD 

Age median (Min – Max) 41(6-95) 

Sex 

Male 

Female 

31(56.4) 

24(43.6) 

BCVA 1.4 ± 0.4 

Etiology  

Post endophthalmitis 

Post traumatic.  

Post operative.  

Post intravitreal injection. 

Pseudomonas keratitis 

Conjunctivitis  

20 (36.4) 

8 (14.5) 

2 (3.6) 

20 (36.4) 

5 (9.1) 

 BCVA: Best Corrected Visual Acuity. 

Table 2. Antibiotics susceptibility pattern in the isolated P. aeruginosa. 

Antibiotic Resistance Sensitive 

N (%) N =55 

Imipenem 22 (40) 33(60) 

Meropenem 18(32.7) 37(67.3) 

Amikacin 30(54.5) 25(45.5) 

Ceftazidime 45(81.8) 10(18.2) 

Ciprofloxacin 35(63.6) 20(36.4) 

Aztreonam 32(58.2) 23(41.8) 

piperacillin/Tazobactam 21(3.2) 34(61.8) 

Gentamycin 32(58.2) 23(41.8) 

Cefepime 41(74.5) 14(25.5) 

Levofloxacin 31(56.4) 24(43.6) 

Tobramycin 31(56.4) 24(43.6) 

Drug resistance 

Non MDR 

PDR 

MDR 

XDR 

11(20) 

7(12.7) 

21(38.2) 

16(29.1) 
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Table 3. Different virulence factors detected in P aeruginosa isolates. 

Virulence factors Positive Negative 

N (%) N =55 

Biofilm 49(89.1) 6(10.9) 

Pyocyanin 43(78.2) 12(21.8) 

Motility 46(83.6) 9(16.4) 

Protease 45(81.8) 10(18.2) 

Exopolysaccharides 52(94.5) 3(5.5) 

Table 4. Correlation between virulence factors, antibiotics resistance and LasR gene in the isolated P.aeruginosa. 

Factors LasR p value 

Positive 

N= 49 

Negative 

N=6 

N (%) 

Biofilm (+ve) 48(98) 1(16.7) <0.001 

Pyocyanin (+ve) 43(87.8) 0 <0.001 

Motility (+ve) 45(91.8) 1(16.7) <0.001 

Protease (+ve) 45(91.8) 0 <0.001 

Exopolysaccharides (+ve) 49(100) 3(50) 0.001 

Drug resistance 

Non MDR 

PDR 

MDR 

XDR 

6(12.2) 

6(12.2) 

21(42.9) 

16(32.7) 

5(83.3) 

1(16.7) 

0 

0 

<0.001 

+ve: positive 

Table 5. Correlation between virulence factors, antibiotics resistance and RhlR gene in the isolated P aeruginosa. 

Factors RhlR p value 

Positive 

N= 45 

Negative 

N= 10 

N (%) 

Biofilm (+ve) 45(100) 4(40) <0.001 

Pyocyanin (+ve) 43(95.6) 0 <0.001 

Motility (+ve) 44(97.8) 2(20) <0.001 

Protease (+ve) 43(95.6) 2(20) <0.001 

Exopolysaccharides (+ve) 45(100) 7(70) 0.005 

Drug resistance 

Non MDR 

PDR 

MDR 

XDR 

4(8.9) 

7(15.6) 

19(42.2) 

15(33.3) 

7(70) 

0 

2(20) 

1(10) 

<0.001 

+ve: positive 
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Table 6. Comparison of BCVA according to virulence factors, LasR gene and rhlR gene in the studied patients. 

Factors BCVA 

Mean ± SD 

p value 

Biofilm 

Negative 

Positive 

0.9 ± 0.3 

1.5 ± 0.4 

0.001 

Pyocyanin 

Negative 

Positive 

0.9 ± 0.3 

1.6 ± 0.3 

<0.001 

Motility 

Negative 

Positive 

0.9 ± 0.2 

1.5 ± 0.3 

<0.001 

Protease 

Negative 

Positive 

0.87 ± 0.2 

1.6 ± 0.3 

<0.001 

Exopolysaccharides 

Negative 

Positive 

0.7 ± 0.2 

1.5 ± 0.4 

<0.001 

LAS R 

Negative 

Positive 

0.8 ± 0.2 

1.5 ± 0.4 

<0.001 

RhlR 

Negative 

Positive 

0.96 ± 0.3 

1.5 ± 0.4 

<0.001 

 BCVA: Best Corrected Visual Acuity. 

Figure 1. Heatmap of P.aeruginosa isolates (a): hierarchical clustering of antibiotic resistance where red 

indicating resistant and blue indicating sensitive. (b): hierarchical clustering of virulence factors where red 

indicating positive and blue indicating negative. (c): hierarchical clustering of LasR and RhIR genes where red 

indicating positive and blue indicating negative. 
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Figure 2. Agarose gel electrophoresis of LasR gene. lane(M): 100 bp DNA ladder. Lane (1,2,3,4,5,6,8,9) positive 

for LasR gene (130 bp). 

Figure 3. Agarose gel electrophoresis of RhIR gene. lane(M): 100 bp DNA ladder. Lane (2,3,4,6,7, 9,10) positive 

for RhIR gene (133bp) 

Discussion 

  Pseudomonas aeruginosa is an 

opportunistic pathogen which can produce different 

virulence factors that are regulated by quorum 

sensing process and cause several ocular infections 

with adverse outcomes [23]. Identification of P. 

aeruginosa virulence factors is critical to recognize 

the pathogenesis of this pathogen and to explore 

novel antimicrobial policies in MDR strains [24]. In 

recent years, antibacterial strategies have been 

focusing on virulence traits as potential alternatives 

to antibiotics without triggering antibiotic 

resistance, signifying anti-QS agents can be used as 

an alternative to antibiotics and allow the host's 

immune system to clear the infection before it 

causes significant tissue damage [19]. Therefore, 

this study was designed to detect antibiotic 
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resistance patterns of P. aeruginosa isolated from 

different ocular infections, different QS virulence 

factors and to correlate them with QS genes, along 

with assessment of their impact on visual outcome. 

The current study evaluated 55 cases of P. 

aeruginosa induced ocular infections that were 

divided into 30 cases of endophthalmitis, 20 cases 

of keratitis and 5 cases of conjunctivitis. Most P. 

aeruginosa endophthalmitis patients occurred on 

top of trauma, this is quite similar to Lin J et al. who 

detected trauma as the most frequent cause of P. 

aeruginosa endophthalmitis followed by corneal 

ulcers and ocular surgeries representing 41.7%, 25% 

and 13.9% respectively [25]. However, trauma was 

the least common cause of P. aeruginosa 

endophthalmitis in other studies [26,27].

Furthermore, other studies detected no cases of 

trauma in P. aeruginosa endophthalmitis [28,29].

The BCVA was markedly diminished, and 

evisceration was performed in 14.5% of enrolled 

cases. Parchand et al. performed a study on case 

series of P. aeruginosa endophthalmitis following 

cataract surgery with similar poor visual outcome, 

only 14.5% of these cases achieved BCVA better 

than 20/200, in contrast, a higher rate of evisceration 

30.6% was reported [30]. Other studies reported 

similar or slightly higher rates of evisceration 

[31,32]. The poor visual outcome of P. aeruginosa 

infections is attributed to its ability to produce 

multiple toxins and proteolytic enzymes that 

increase its invasion capability with subsequent 

cellular destruction. In addition, the presence of 

glycocalyx and beta-lactamase production by P. 

aeruginosa renders it highly resistant to antibiotics 

[33,34]. 

In our study, the antibiogram of P. 

aeruginosa isolates showed the highest sensitivity to 

meropenem (67.3%) while ceftazidime exhibited the 

highest resistance (81.8%). This is nearly 

comparable with previous studies carried out by 

Elnegery et al. and Choudhary et al. in which P. 

aeruginosa isolates were resistant to the most 

frequently used antibiotics which were effective 

previously with the lowest susceptibility to 

ceftazidime (6%) [11,35]. Besides, many other 

studies detected increased resistance of P. 

aeruginosa isolates against different antibiotics used 

[36-38]. 

The emergence of MDR, XDR and PDR P. 

aeruginosa is considered a major health care 

obstacle with subsequent difficulty in the treatment 

with poor outcome [39]. In the current study, 80% of 

the isolates were either MDR, XDR and PDR. This 

is comparable to the resistance rates reported by 

Rodulfo et al, Gonçalves et al, and El-Mahdy et al 

representing (71.9%, 73.9% and 72.5% 

respectively) [40-42]. However, in other studies 

performed by Hashem et al. and Sonbol et al., 

lower resistance rates were detected [43,44]. The 

higher resistance rate in our study may be probably 

due to the widespread use of broad-spectrum 

antibiotics in the treatment of different types of 

infections. So, selection of proper antibiotic regimen 

is necessary to manage P. aeruginosa infection 

according to the site of infection [45]. 

In the present study, Concerning the ability 

of P. aeruginosa isolates to produce different 

virulence factors, 89.1% of them were biofilm 

producers. This finding is in line with previous 

studies [11,42,46,47]. On the other hand, Heydari 

et al. documented that only 43.5% of P. aeruginosa 

isolates formed biofilms [48]. Interestingly, Saffari 

et al. and Elhabibi et al., found that all tested 

isolates were biofilm producers [49,50]. There are 

several factors involved in the development of 

biofilms in P. aeruginosa, including culture 

conditions, the presence of genes implicated in 

biofilm formation, the rate at which genes are 

expressed and flagella-mediated motility [51].  

Production of pyocyanin aids in both acute 

and chronic pseudomonas infections, by reducing 

the host-response and causing neutrophil apoptosis 

[52]. In the current study, among the tested P. 

aeruginosa isolates, 78.2% were pyocyanin-

producers. On the contrary, Nassar et al., and 

Aboushleib et al. found that 59.2% and 38% 

produced pyocyanin pigment [19,53]. While, 

Kalaiarasan et al. reported that the pyocyanin 

production was detected only in 14% of isolates 

[52]. 

Concerning the current study, 81.8% of P. 

aeruginosa isolates were able to produce protease 

enzyme, which is consistent with results from 

previous studies [11,54]. However, Naik et al. 

detected protease activity in 62.5% of P. aeruginosa 

isolates [55]. Twitching motility was observed in 

83.6% of P. aeruginosa isolates which was in the 

same line with El-Mahdy et al. [42].   

Regarding the molecular detection of lasR 

and rhlR genes by PCR in our study, lasR was 

detected in 89% of P. aeruginosa isolates while 

81.8% of the isolates harbored rhlR gene. Our 

finding is coincident with that reported by Elnegery 

et al. [11] and El-Khashaab et al. [56]. On the other 
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hand, El-Mahdy et al. informed that lasR and rhlR 

genes were identified in all P. aeruginosa isolates 

[42]. However, Aboushleib et al. found that 40% of 

P. aeruginosa isolates were positive for the lasR 

gene and the rhlR gene was detected in 36% of 

isolates [53].  

In the current study, there was statistically 

significant difference between lasR and rhlR 

positive and negative isolates as regarding motility, 

biofilm, protease, pyocyanin production, 

exopolysaccharides production as well as antibiotic 

resistance pattern. Our findings agree with Sonbol 

et al. who observed that P. aeruginosa isolates with 

a QS deficiency produced significantly less 

pyocyanin, protease, biofilm formation, and 

swimming motility [57]. Moreover, Aboushleib et 

al. reported that twitching motility and biofilm 

production were significantly correlated with the 

presence of lasR gene, while pyocyanin synthesis 

was not significantly correlated with the lasR gene 

[53]. Also, Li et al. reported that biofilm production 

was significantly associated with the presence of 

lasR-gene [58]. However, Elnegery et al., found a 

significant correlation between the presence of lasR-

gene and pyocyanin production but there was no 

statistically significant difference between the 

presence of rhlR gene and pyocyanin and biofilm 

production [11]. 

In the current research there was a 

statistically significant correlation between the 

presence of lasR and rhlR in P. aeruginosa isolates 

and antibiotic resistance pattern. Similarly, Haque 

et al. and Jiang et al. reported an association 

between the QS system and antibiotic resistance 

[59,60]. This may be attributed to biofilm formation 

and drug efflux pump which are regulated by QS 

system which are considered important mechanisms 

of antibiotics resistance in P. aeruginosa [61,62]. In 

contrast, Crémet et al. found that resistance to 

ceftazidime was strongly correlated with QS 

deficiency [63]. In addition, Karatuna et al. found 

that QS-deficient P. aeruginosa isolates tend to be 

less sensitive to antimicrobials [64]. While El-

Mahdy et al, found that carbapenem resistance was 

not correlated with QS genes lasR and rhlR [42].  

Regarding the present study, the presence 

of multiple virulence factors like motility and 

production of biofilm, pyocyanin, protease and 

exopolysaccharides in P. aeruginosa was associated 

with worse BCVA. The result of the current study 

agrees with Karami et al. who confirmed the 

presence of biofilm as an important factor in MDR 

and XDR P. aeruginosa strains [65]. Moreover, 

other studies reported worse visual prognosis in P. 

aeruginosa endophthalmitis with the previously 

mentioned virulence factors which also coincide 

with our study [55-67]. Concerning P. aeruginosa 

keratitis, a previous report confirmed the role of 

proteases produced by P. aeruginosa in impairment 

of the host connective tissue and immunological 

factors with subsequent visual loss [68].  

To the best of our knowledge, this is the 

first study to correlate las R and RhIR genes with 

BCVA in PA ocular infections. According to this 

study, the existence of las R and RhlR genes was 

associated with worse visual outcomes denoting the 

importance of these two genes as determinants of 

virulence in P. aeruginosa ocular infections. In 

agreement with the current study performed by 

Storey et al. confirmed the role of las R gene in the 

expression of multiple virulence factors in the lungs 

of patients with cystic fibrosis [69], another study 

emphasized the importance of Rh1R gene and its 

connection to virulence [70]. Furthermore, a recent 

study documented the role of the two genes in P. 

aeruginosa virulence and resistance to antibiotics 

[71].  

Conclusion 

This study emphasized the importance of 

the QS system in regulating the formation of 

virulence factors and antimicrobial resistance in P. 

aeruginosa. Consequently, anti-QS and anti-

virulence therapy can be a promising substitute to 

antibiotic therapy currently available. 
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