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ABSTRACT 
 

Pseudomonas aeruginosa is a Gram-negative bacterium commonly found in aquatic 

environments. It poses a serious threat to aquaculture due to its opportunistic pathogenicity 

and causes severe infections, high mortality rates in fish populations. The present 

investigation involved 250 organ samples isolated from lesions in the muscle, liver, kidney, 

intestine, and spleen of diseased Nile tilapia and African sharptooth catfish of different sizes. 

The fish were collected from various fish markets in Qalyubia Governorate, Egypt, between 

September 2023 and February 2024 for isolation, phenotypic and genotypic characterization 

of Pseudomonas aeruginosa (Ps. aeruginosa). The results showed that 52 Ps. aeruginosa 

isolates were recovered from fish organs, and they were isolated from 25 muscle samples 

(48.1%), followed by intestine 13 (25%), then liver 8 (15.4%), kidney 5 (9.6%), and one 

spleen sample from African sharptooth catfish (1.9%). The disc diffusion test revealed 

multidrug resistance (MDR) in all isolates against the used antimicrobial agents. The isolated 

Ps. aeruginosa were highly sensitive to norfloxacin, followed by gentamicin and 

ciprofloxacin. In contrast, they were highly resistant to ampicillin, then oxacillin, amoxicillin, 

tetracycline, cefotaxime, and nalidixic acid. The 16s-Pseudomonas (genus) and the 16s-

Pseudomonas aeruginosa (species-specific) genes were detected by PCR in all selected 

isolates. The virulence genes (pslA and oprL) were found in eight and five studied Ps. 

aeruginosa isolates, respectively. It is being concluded that the main gene responsible for the 

virulence of studied Ps. aeruginosa isolated from freshwater fishes is pslA. So, this study 

also sheds light on the public health concerns of Pseudomonas for consumers.   

 

Keywords: Pseudomonas aeruginosa, bacteriological studies, molecular studies, African 

sharptooth catfish, Nile tilapia. 
 

 

INTRODUCTION 

 

Pseudomonas aeruginosa (Ps. aeruginosa) is 

a Gram-negative, rod-shaped bacterium, 
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strictly aerobic, motile, and non-spore-

forming.  It is 0.5–1.0 µm in size, straight or 

slightly curved, and grows readily on 

common laboratory media. Its nutritional 

requirements are extremely straightforward. 

It is a catalase- and oxidase-positive, non-

lactose-fermenting bacterium on MacConkey 

agar with large, pale colonies. It can be 
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identified via its characteristic large, flat, 

spreading, irregular, greenish-blue colonies 

with a fruity, grape-like odor of 

aminoacetophenone on nutrient agar (Markey 

et al., 2013; Shahrokhi et al., 2022).  

Ps. aeruginosa is a significant fish pathogen 

that causes Pseudomonas septicemia and 

ulcerative syndrome. This condition is 

characterized by exophthalmia, petechial 

hemorrhage, detached scales, and abdominal 

ascites, resulting in high mortalities and 

significant economic losses (Hanna et al., 

2014, Abd El-Tawab et al., 2016,2019a and 

Ali et al., 2023). 

 

Ps. aeruginosa is resistant to a variety of 

commercial antibiotics; both innate and 

acquired resistance to a wide range of 

antimicrobials, including β-lactams, makes 

treating infections caused by the bacteria 

challenging. The primary mechanisms of 

resistance to these antibiotics include the 

overexpression of chromosomal cephalon-

sporinases and the synthesis of β-lactamases, 

which are expressed by plasmids for Ambler 

class A (ESBLs), B (MBLs), and D 

(oxacillinases) (Esposito and De Simone, 

2017; Rou lová et al., 2022). Therefore, it is 

more critical than other foodborne bacteria, as 

it has the potential to transmit its multidrug-

resistant (MDR) plasmids to humans 

following the consumption of contaminated 

undercooked fish and fish products 

containing MDR Ps. aeruginosa (Shahrokhi 

et al., 2022).  Furthermore, Ps. aeruginosa is 

regarded as a problematic pathogen due to its 

extracellular products, including rhamno-

lipid, phospholipase C, haemolysin, lecithin-

ase, protein exotoxin A, proteases, and other 

exoenzymes. It also possesses cell-associated 

virulence factors, including pili, flagella, 

lipopolysaccharide, and the capacity to form 

biofilms. All of these factors are implicated in 

the development of severe and aggressive 

infections in humans, fish, and animals 

(Mavrodi et al., 2001 and Markey et al., 

2013).  

 

Additionally, the lipoprotein L (oprL) gene is 

important for making Ps. aeruginosa resistant 

to many types of antibiotics and disinfectants 

(Abdullahi et al., 2013; Abdulhaq et al., 

2020). The ability of the bacterium to form 

biofilms is linked to its production of harmful 

exopolysaccharides (EPSs), like psl, which 

help stick to other cells and surfaces, leading 

to higher illness and death rates in infected 

fish (Ghafoor et al., 2011; Yang et al., 2011). 

The pslA gene plays a crucial role in biofilm 

development and regulates the whole psl 

operon in both planktonic and biofilm cells 

(Overhage et al., 2005, Nader et al., 2017 and 

Abdulhaq et al., 2020). Ps. aeruginosa is a 

major fish pathogen that can infect those who 

eat it. The importance of fish to Egypt's 

economy has grown significantly recently. 

So, this research aimed to shed light on their 

infection in fishes, Nile tilapia, and African 

sharptooth catfish at Qalyubia Governorate, 

Egypt. Additionally, phenotypic and 

genotypic characterization was conducted. 

Also, PCR was employed to identify specific 

virulence and antimicrobial resistance genes 

in certain isolates. 

 

MATERIALS AND METHODS 

 
Handling of fish and all practical protocols in 

accordance with the Ethics Committee of the 

Veterinary Medicine Faculty, Benha University, 

with ethical no. BUFVTM03-03-24 

 

1. Sample collection:  

The present study was conducted on 250 

organ samples from fish showing lesions 

(hemorrhages, erosions, ulcers, and 

abdominal distension) in the muscles, livers, 

kidneys, intestines, and spleens of diseased 

Nile tilapia and African sharptooth catfish. 

The collected fish were of various sizes (250-

500 g)  and collected from different fish 

markets in Qalyubia Governorate, Egypt, 

during the period from September 2023 to 

February 2024. The diseased fish were put in 

sterile plastic bags and sent on ice to the lab 

rapidly for bacteriological, isolation and 

phenotypic and genotypic characterization of 

Ps. aeruginosa. 

 

Examination of internal organs was done 

according to the method described by Roberts 
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(2012). Disinfection of the skin has been 

performed using 70 % ethyl alcohol. Fish 

were dissected using aseptic techniques, and 

their internal organs were carefully examined 

for any signs of abnormalities.   

 

2. Isolation and phenotypic identification 

of Pseudomonas aeruginosa: 

After cauterizing the lesion surfaces with a 

hot spatula, a sterile loop was inserted 

through the burned area and inoculated into 

Tryptone Soya Broth (TSB) (Oxoid), 

followed by aerobic incubation at 25°C for 24 

hours. A loopful from the incubated TSB was 

then streaked onto nutrient agar and 

incubated aerobically at 25°C for another 24 

hours. Colonies displaying a greenish-blue 

coloration with a distinct fruity, grape-like 

odor characteristic of aminoacetophenone 

were selected and purified through further 

subculturing on nutrient agar (Oxoid). 

Subsequently, oxidase and catalase tests were 

conducted. Colonies testing positive for both 

oxidase and catalase were cultured on 

MacConkey agar, Pseudomonas agar, and 

Pseudomonas Cetrimide agar (Oxoid) and 

incubated at 37°C for 24–48 hours. The 

suspected colony was then transferred to a 

semisolid nutrient slope (Oxoid) for further 

morphological and biochemical 

identification, including tests such as Triple 

Sugar Iron (TSI), Lysine Iron (LI), Simmons 

citrate, urease activity, indole reaction, and 

Voges-Proskauer according to Markey et al. 

(2013); Austin and Austin (2016). 

 

3. In-vitro anti-microbial sensitivity test 

for Ps. aeruginosa isolates: 

The in vitro antimicrobial susceptibility 

pattern of Ps. aeruginosa isolates were 

evaluated against 12 antibiotics using the 

Kirby–Bauer disc diffusion method, as 

recommended by the Clinical and Laboratory 

Standards Institute (CLSI, 2018). Twelve 

standardized antimicrobial discs (Oxoid) 

were used, including amoxicillin (AMX/25 

μg), ampicillin (AMP/10 μg), cefotaxime 

(CTX/30 μg), ciprofloxacin (CIP/5 μg), 

doxycycline (DO/30 μg), gentamicin (CN/10 

μg), nalidixic acid (NA/30 μg), norfloxacin 

(NOR/10 μg), oxacillin (OX/1 μg), 

streptomycin (S/10 μg), tetracycline (TE/30 

μg), and trimethoprim/sulfamethoxazole 

(SXT/25 μg). The bacterial cultures were 

streaked onto Mueller-Hinton agar (Oxoid) 

plates and incubated at 25°C overnight. The 

zones of inhibition were then measured and 

compared with standard reference values. 

 

4. Genotypic identification and detection of 

both virulence and antimicrobial 

resistance genes in some Ps. aeruginosa 

isolates by PCR: 

Eight selected Ps. aeruginosa isolates (four 

from each fish species) were subjected to 

genotypic identification through the detection 

of various genes using conventional PCR. 

The genes analyzed included the general 

Pseudomonas gene (16S rDNA), the species-

specific P. aeruginosa gene (16S rDNA), two 

virulence genes-pslA (exopolysaccharide 

synthesis locus) and oprL (outer membrane 

lipoprotein L)-as well as antimicrobial 

resistance genes. The resistance genes 

targeted were blaTEM (β-lactam resistance), 

blaCTX-M (extended-spectrum β-lactam 

resistance, cefotaxime), sul1 (sulfonamide 

resistance), aadA1 (streptomycin resistance), 

tetA(A) (tetracycline A resistance), and qnrA 

(quinolone resistance). The DNA extraction 

was performed using the QIAamp® DNA 

Mini Kit (Qiagen, Germany, GmbH; 

Catalogue no. 51304), while PCR 

amplification was carried out using 

EmeraldAmp GT PCR Master Mix (Takara, 

Japan; Code No. RR310A). The amplified 

products were analyzed by running on 1.5% 

agarose gel electrophoresis (Sambrook et al, 

1989). The primers, target genes, amplicon 

sizes, and cycling conditions are described in 

Table (1).  

 

RESULTS 

   
1. Isolation and phenotypic identification 

of Ps. aeruginosa: 

All recovered Ps. aeruginosa isolates (n=52) 

exhibited good growth, forming large, flat, 

spreading, and irregular greenish-blue 

colonies with a distinct fruity odor on nutrient 

agar. On MacConkey agar, they appeared as 
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large, pale colonies, indicating their non-

lactose-fermenting nature. They produced 

bluish-green colonies on Pseudomonas agar 

and small, smooth colonies with blue-green 

pigmentation on Pseudomonas Cetrimide 

agar. Microscopic analysis confirmed that the 

isolates were Gram-negative, non-capsulated, 

non-spore-forming, and appeared as straight 

or slightly curved rods. Furthermore, all 

isolates demonstrated motility in semisolid 

agar. Therefore, all isolates were suspected as 

Ps. aeruginosa. The biochemical identific-

ation results revealed that all 52 isolates 

exhibited characteristic biochemical 

reactions to Ps. aeruginosa. They showed 

positive results for glucose fermentation, 

mannitol oxidation, oxidase, catalase, citrate 

utilization, urease, and lysine decarboxylase, 

but did not produce hydrogen sulfide (H₂S). 

However, they were negative for sucrose and 

lactose fermentation, as well as for the indole, 

Voges-Proskauer, and methyl red tests. 

 

Table 1: Primer sequences, target genes, and their PCR cycling conditions. 

 

Target 

agent 

Target  

gene 

Primer sequence 

(5'-3') 

Amplified 

segment 

(bp.) 

Primary 

Denaturation 

Amplification (35 cycles) 
Final 

extension 
References Secondary 

denaturation 
Annealing Extension 

Pseudo

monas 

16S 

rDNA 

F 
GACGGGTGAGTA

ATGCCTA 
618 bp. 

94˚C 

5 min. 

94˚C 

30 sec. 

50˚C 

40 sec. 

72˚C 

45 sec. 

72˚C 

10 

min. 
Spilker et 

al., 2004 

R 
CACTGGTGTTCC

TTCCTATA 

Ps. 

aerugino
sa 

16S 

rDNA 

F 
GGGGGATCTTCG

GACCTCA 
956 bp. 

94˚C 

5 min. 

94˚C 

30 sec. 

52˚C 

40 sec. 

72˚C 

50 sec. 

72˚C 

10 

min. R 
TCCTTAGAGTGC

CCACCCG 

pslA 

F 
TCCCTACCTCAG

CAGCAAGC 
656 bp. 

94˚C 

5 min. 

94˚C 

30 sec. 

60˚C 

40 sec. 

72˚C 

45 sec. 

72˚C 

10 

min. 

Ghadaksaz 

et al., 2015 
R 

TGTTGTAGCCGT
AGCGTTTCTG 

oprL 

F 
ATG GAA ATG 
CTG AAA TTC 

GGC 504 bp. 
94˚C 

5 min. 

94˚C 

30 sec. 

55˚C 

40 sec. 

72˚C 

45 sec. 

72˚C 

10 

min. 

Xu et al., 

2004 

R 
CTT CTT CAG CTC 

GAC GCG ACG 

blaTE

M 

F 
ATCAGCAATAAA

CCAGC 
516 bp. 

94˚C 

5 min. 

94˚C 

30 sec. 

54˚C 

40 sec. 

72˚C 

45 sec. 

72˚C 

10 

min. 

Colom et 

al., 2003 
R 

CCCCGAAGAACG

TTTTC 

blaCT

X-M 

F 

ATG TGC AGY 

ACC AGT AAR 

GTK ATG GC 
593 bp. 

94˚C 

5 min. 

94˚C 

30 sec. 

54˚C 

40 sec. 

72˚C 

45 sec. 

72˚C 

10 

min. 

Archambault  

et al., 2006 

R 

TGG GTR AAR 

TAR GTS ACC 
AGA AYC AGC GG 

sul1 

F 
CGGCGTGGGCTA

CCTGAACG 
433 bp. 

94˚C 

5 min. 

94˚C 

30 sec. 

60˚C 

40 sec. 

72˚C 

45 sec. 

72˚C 

10 

min. 

Ibekwe et 

al., 2011 
R 

GCCGATCGCGTG

AAGTTCCG 

aadA1 

F 
TATCAGAGGTAG

TTGGCGTCAT 
484 bp. 

94˚C 

5 min. 

94˚C 

30 sec. 

54˚C 

40 sec. 

72˚C 

45 sec. 

72˚C 

10 

min. 
Randall et 

al. 2004 

R 
GTTCCATAGCGT
TAAGGTTTCATT 

tetA 

(A) 

F 
GGTTCACTCGAA

CGACGTCA 
576 bp. 

94˚C 

5 min. 

94˚C 

30 sec. 

50˚C 

40 sec. 

72˚C 

45 sec. 

72˚C 

10 

min. R 
CTGTCCGACAAG

TTGCATGA 

qnrA F 
ATTTCTCACGCC

AGGATTTG 
516 bp. 

94˚C 

5 min. 

94˚C 

30 sec. 

55˚C 

40 sec. 

72˚C 

45 sec. 

72˚C 

10 

min. 

Robicsek 

et al., 2006 
 R 

GATCGGCAAAGG

TTAGGTCA 
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2. Prevalence of Ps. aeruginosa in 

freshwater fish: 

The bacteriological examination of 250 

organ samples from diseased freshwater 

fish (Nile tilapia and African sharptooth 

catfish) resulted in 52 isolates of P. 

aeruginosa, representing a prevalence of 

21%. Out of 52 isolates of Ps. aeruginosa, 

23 (44.2%) were isolated from the Nile 

tilapia organs and 29 (55.8%) were isolated 

from African sharptooth catfish. The 

muscle is the most infected organ, followed 

by the intestine, liver, and kidney. Ps. 

aeruginosa was isolated from a spleen 

sample of an African catfish (Table 2).  

 

Table 2: Prevalence of Pseudomonas aeruginosa in freshwater fish organs. 
 

lesion samples 
Nile tilapia (O. niloticus) African catfish (C. gariepinus) Total 

No./total (52) %* No./total (52) %* No. %* 

Muscle 12 23.1 13 25.0 25 48.1 

Intestine 6 11.5 7 13.5 13 25.0 

Liver 3 5.8 5 9.6 8 15.4 

Kidney 2 3.8 3 5.8 5 9.6 

Spleen 0 0.0 1 1.9 1 1.9 

Total 23 44.2 29 55.8 52 100 

*% percentage with total number of isolated Ps. aeruginosa (52) 

 

3. The antimicrobial sensitivity tests of 

Pseudomonas aeruginosa isolates:  

The obtained results of in vitro sensitivity 

tests for 52 Ps. aeruginosa isolates (Table 

3) showed high sensitivity to norfloxacin 

(82.7%), followed by gentamicin (73.1%), 

and ciprofloxacin (69.2%). Meanwhile, 

they were intermediately sensitive to 

doxycycline (69.2%), sulphamethoxazole/ 

trimethoprim (57.7%), and streptomycin 

(53.9%). Moreover, they have been highly 

resistant to ampicillin (94.2%), then 

oxacillin (92.3%), amoxicillin (90.4%), 

tetracycline (88.5%), cefotaxime (84.6%), 

and nalidixic acid (78.8%). Out of the 52 

isolated P. aeruginosa strains, the 

percentage of MDR strains was 90 % 

(47/52). 

 

Table 3: In vitro antimicrobial susceptibility of the used Pseudomonas aeruginosa isolates 

Antimicrobial agents 
Disc 

concentrations 

Sensitive 
Intermediate 

 

Resistant 

 
 

AA 
No. % No. % No. % 

Ampicillin AM10 25 µg 0 0.0 3 5.8 49 94.2 R 

Oxacillin OX1 1 µg 1 1.9 3 5.8 48 92.3 R 

Amoxicillin AMX/25 25µg 1 1.9 4 7.7 47 90.4 R 

Tetracycline TE/30 30 µg 2 3.8 4 7.7 46 88.5 R 

Cefotaxime CTX/30 30 µg 1 1.9 7 13.5 44 84.6 R 

Nalidixic acid NA30 30 µg 3 5.8 8 15.4 41 78.8 R 

Doxycycline DO/30 30 µg 7 13.5 36 69.2 9 17.3 I 

Trimethoprim/ 

Sulphamethoxazole 
SXT/25 

(1.25/23.75) 

µg 
9 17.3 30 57.7 13 25.0 I 

Streptomycin S/10 10 µg 2 3.8 28 53.9 22 42.3 I 

Norfloxacin NOR/10 10 µg 43 82.7 7 13.5 2 3.8 S 

Gentamicin CN/10 10 µg 38 73.1 9 17.3 5 9.6 S 

Ciprofloxacin CIP/5 5 µg 36 69.2 12 23.1 4 7.7 S 

No.: Number of isolates; %: Percentage in relation to total number of isolates (n=52) 

AA: Antibiogram activity; R: resistant; S: sensitive; I: intermediate 
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4. PCR identification and detection of 

some virulence and antimicrobial 

resistance genes in Ps. aeruginosa 

isolates: 

Genotypically, all eight selected Ps. 

aeruginosa isolates have been positive for 

the Pseudomonas gene (16S rDNA), and 

the specific gene of Ps. aeruginosa (16S 

rDNA), yielding positive bands at 618 bp 

and 956 bp, respectively (Figs. 1, 2). The 

virulence gene, exopolysaccharide 

synthesis locus (pslA) gene, was detected in 

all examined Ps. aeruginosa isolates, giving 

a product of 504 bp. (Fig. 3), and an outer 

membrane lipoprotein L (oprL) in five out 

of eight examined isolates with positive 

bands at 656 bp. (Fig. 4). The antimicrobial 

resistance genes, β- lactam (blaTEM); 

extended  spectrum β-lactam (blaCTX-M); 

sulphonamide (sul1), streptomycin  

(aadA1) and tetracyclineA tetA(A) genes 

were detected in all eight examined Ps. 

aeruginosa isolates giving products of 516 

bp., 593 bp. , 433 bp., 484 bp., 570 bp., 

respectively (Figs. 5-9), while the 

quinolones( qnrA) gene was detected in six 

out of eight selected isolates with positive 

bands at 516 bp. (Fig. 10). 

 

   
Fig.1: Agarose gel electrophoresis of 

Pseudomonas isolates (16S rDNA) gene.  

 
L: 100-1000 bp. DNA Ladder. N.: Negative 

control (N. control. (Staphylococcus. aureus 

ATCC®25923 TM), Pos.: Positive control 

(Pseudomonas form Ahri at 618 bp (Lanes 1-4  

Ps. Aeruginosa isolated from O. niloticus  

Lanes 5-8 Ps. Aeruginosa isolated from C. 

gariepinus), all eight isolates showed positive 

bands for the 16S rDNA gene at 618bp. 

 
Fig. 2: Agarose gel electrophoresis of specific 

Ps. Aeruginosa isolates (16S rDNA) gene. 

L: 100-1000 bp. DNA Ladder. N. control 

(Negative control. (S. aureus ATCC®25923 TM), 

Pos.: Positive control (Ps. aeruginosa 

ATCC®27853TM at 956 bp. Lanes 1-8: tested 

Ps. aeruginosa; Lanes 1-4: Ps. aeruginosa 

isolated from O. niloticus, Lanes 5-8: Ps. 

aeruginosa isolated from C. gariepinus 
 

 
Fig. 3: Agarose gel electrophoresis of 

exopolysaccharide synthesis locus 

(pslA) gene. 

Lane L: 100-1000 bp. DNA Ladder. N, control 

(Negative control. (Staphylococcus aureus 

ATCC®25923 TM), P.: Positive control (Ps. 

aeruginosa ATCC®27853TM at 504 bp.). Lanes 

(1 - 8): number of Ps. aeruginosa isolates from 

each sample (1-4  O. niloticus and 5-8 C. 

gariepinus), all eight isolates showed positive 

bands for the specific pslA gene at 504bp. 

 
Fig. 4: Agarose gel electrophoresis of outer 

membrane lipoprotein L (oprL) gene. 
Lane L: 100-1000 bp. DNA Ladder. N control 

(Negative control. (Staphylococcus aureus 

ATCC®25923 TM), P.: Positive control (Ps. 

aeruginosa ATCC®27853TM at 656 bp.). Lanes (1, 6 

- 7): Ps. aeruginosa negative for oprL gene, Lanes 

(2- 5&8): Positive Ps. aeruginosa for oprL gene at 

656 bp. 
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Fig.5: Agarose gel electrophoresis of β- lactam 

(blaTEM) gene. 
Lane L: 100-1000 bp. DNA Ladder. N.: Negative 

control (N. control. (S. aureus ATCC®25923 TM), P.: 

Positive control (Ps. aeruginosa ATCC®27853TM at 

516 bp.). Lanes (1 - 8): positive Ps. aeruginosa for 

blaTEM gene at 516 bp. 

 

 

Fig. 6: Agarose gel electrophoresis of extended 

spectrum β-lactam (blaCTX-M) gene. 
Lane L: 100-1000 bp. DNA Ladder. N.: Negative 

control (N. control. (S. aureus ATCC®25923 TM), P.: 

Positive control (Ps. aeruginosa ATCC®27853TM at 

593 bp.). Lanes (1 - 8): positive Ps. aeruginosa for 

blaCTX-M gene at 593 bp. 

 

 

Fig. 7: Agarose gel electrophoresis of 

sulphonamide (sul1) gene. 
Lane L: 100-1000 bp. DNA Ladder. N. control 

(Negative control. (S. aureus ATCC®25923 TM), P.: 

Positive control (Ps. aeruginosa ATCC®27853TM at 

433 bp.). Lanes (1 - 8): positive Ps. aeruginosa for 

sul1 gene at 433 bp. 
 

 
Fig. 8: Agarose gel electrophoresis of the 

streptomycin (aadA1) gene. 
Lane L: 100-1000 bp. DNA Ladder. N.: Negative 

control (N. control. (S. aureus ATCC®25923 TM), P.: 

Positive control (Ps. aeruginosa ATCC®27853TM at 

484 bp.). Lanes (1 - 8): positive Ps. aeruginosa for 

aadA1 gene at 484 bp. 

 

 

Fig. 9: Agarose gel electrophoresis of 

tetracycline A tetA (A)gene. 
Lane L: 100-1000 bp. DNA Ladder. N. control 

(Negative control. (S. aureus ATCC®25923 TM), P.: 

Positive control (Ps. aeruginosa ATCC®27853TM at 

570 bp.). Lanes (1 - 8): positive Ps. aeruginosa for 

tetA(A) gene at 570 bp 
 

 

Fig. 10: Agarose Gel electrophoresis of 

quinolones (qnrA) gene. 
Lane L: 100-1000 bp. DNA Ladder. N. control 

(Negative control. (S. aureus ATCC®25923 TM), P.: 

Positive control (Ps. aeruginosa ATCC®27853TM at 

516 bp.). Lanes (4, 5): Ps. aeruginosa negative, 

Lanes (1 – 3 &6-8): positive Ps. aeruginosa for qnrA 

gene at 516 bp. 
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    DISCUSSION 
 

Pseudomonas species, mainly Ps. 

aeruginosa, are widely distributed 

microorganisms that have been recorded as 

one of the most robust causes of ulcer-type 

diseases and septicemia among fishes, 

resulting in high mortality rates, significant 

economic losses, and reduced fish farm 

efficiency (Shahrokhi et al., 2022). 

Additionally, they play a role in causing both 

gastrointestinal and extra-intestinal infections 

in humans (Benie et al., 2017 and Abdulhaq 

et al., 2020). 

 

The bacteriological findings revealed that 52 

Ps. aeruginosa isolates were isolated from 

250 examined samples (23 from Nile tilapia 

and 29 from African sharptooth catfish). 

Nearly comparable findings were recorded by 

Hanna et al. (2014); Abd El- Tawab et al. 

(2016 and 2019a); Algammal et al. (2020), 

and Ali et al.  (2023). Meanwhile, these 

findings are contrary to those of Shahrokhi et 

al. (2022), who reported a lower incidence of 

5.0%, and with Mohamed et al. (2023), who 

revealed that the gills, followed by kidneys 

and livers, had the highest infection rates. 

These variations in prevalence may be due to 

differences in host susceptibility, time of 

sampling collection, geographical area, 

management and hygienic program, the fish 

source (from farms or markets), and 

environmental factors. 
 

The colony morphology, Gram stain, and 

biochemical character of the isolated 

Pseudomonas species exhibited typical 

characteristics of Ps. aeruginosa and were 

consistent with previous reports by Austin 

and Austin (2016); Abd El- Tawab et al. 

(2019a); Algammal et al. (2020); Shahrokhi 

et al. (2022); Ali et al.  (2023); and Mohamed 

et al. (2023). 

 

In our study, Ps. aeruginosa isolates were 

susceptible to norfloxacin, followed by 

gentamicin and ciprofloxacin, and highly 

resistant to ampicillin, then oxacillin, 

amoxicillin, tetracycline, cefotaxime, and 

nalidixic acid. These findings are consistent 

with those reported by Abd El Tawab et al.  

(2016, 2019a); Shahrokhi et al. (2022); Ali et 

al. (2023), who documented similar 

sensitivity patterns. MDR is defined as 

resistance to at least three antimicrobial 

agents from different classes (Rocha et al., 

2019). Therefore, the recorded results have 

proved that phenotypic MDR is widely 

spread among Ps. aeruginosa isolates (90%) 

and these results came in harmony with Abd 

El Tawab et al. (2016, 2019a); Shahrokhi et 

al. (2022); Ali et al. (2023) and Mohamed et 

al. (2023). 

 

The PCR that uses the 16S rDNA technology 

offers an effective and reliable tool for the 

quick and accurate detection of Pseudomonas 

species, providing a speedier alternative to 

standard, time-consuming biochemical 

identification techniques (Uma et al., 2007). 

In the present study, PCR was performed on 

eight Ps. aeruginosa isolates, revealing 

electrophoresis of the general Pseudomonas 

gene (16S rDNA) with a specific band at 618 

bp. This result confirmed and aligned with the 

findings of Spilker et al. (2004) and Eid et al. 

(2016). The species-specific 16S rDNA gene 

serves as a reliable marker for detecting Ps. 

aeruginosa, providing precise identification 

even for rare isolates (Spilker et al., 2004; 

Uğur et al., 2012)). The PCR results in this 

study confirmed the presence of this gene in 

all eight P. aeruginosa isolates, with a 

specific band detected at 956 bp. This finding 

indicates that all tested isolates were P. 

aeruginosa strains. Similar results were 

previously reported (Spilker et al., 2004; 

Hanna et al., 2014; Abd El-Aziz 2015; Eid et 

al., 2016 and Abd El- Tawab et al., 2019b). 

 

Ps. aeruginosa's virulence genes play a 

significant role in their pathogenicity, 

because they act in particular ways in the 

pathogenic mechanism. Each gene may alter 

host cell signal transduction in ways that 

accelerate the spread of infection.  

 

The pslA gene is a biofilm formation marker 

that plays an important role in the 

polysaccharide synthesis locus (psl), which is 

responsible for secreting extracellular 
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polysaccharides in Ps. aeruginosa. The PCR 

amplification findings confirmed the 

presence of the pslA gene in all eight selected 

Ps. aeruginosa isolates, resulting in a 504 bp 

fragment. The pslA gene was also found in 

antibiotic-resistant biofilm-forming Ps. 

aeruginosa strains obtained from people, 

fish, animals, and the environment (Nader et 

al. (2017); Abdulhaq et al. (2020); Madaha et 

al. (2020); Ugwuanyi et al. (2021); 

Schimmunech et al. (2022) and Ali et al.  

(2023). 

 

Additionally, the outer membrane lipoprotein 

L (oprL) is a factor, that can cause cell death, 

and important for how the bacterium interacts 

with its environment, as well as for Ps. 

aeruginosa's natural resistance to antibiotics 

(Markey et al., 2013). The PCR tests for the 

oprL gene in Ps. aeruginosa strains showed it 

was found in five out of the eight tested 

isolates, producing fragments of 504 bp. 

Similar results have been previously reported 

by Abdullahi et al. (2013); Khattab et al. 

(2015); Abd El- Tawab et al. (2016 and 

2019b); Abdulhaq et al. (2020); Abd El-

Maogoud et al. (2021); Ali et al.  (2023) and 

Mohamed et al. (2023). 

 

The study's results are concerning, since β-

lactam, sulphonamide, tetracycline, and 

streptomycin antimicrobials are often used to 

treat bacterial infections in fish, animals, and 

humans.  

 

Our results of PCR described that all eight Ps. 

aeruginosa strains have  blaTEM, bla CTX-

M,sul1, aadA1, and tetA(A) antimicrobial 

resistance genes, but the qnrA resistance gene 

was found in six strains only. These findings 

are in line with those obtained by Ndi and 

Barton (2012) ; Bălă¸soiu et al. (2014); Fazeli 

and Momtaz (2014); Al Dawodeyah et al. 

(2018); Algammal et al. (2020); Giovagnorio 

et al. (2023) and Mohamed et al. (2023), who 

detected the blaTEM and bla CTX-M  genes, 

Salimizadeh (2018) ; Alariqi  et al.(2024) and 

Ikhrami et al. (2024) who found the sul1 

gene,  Ndi and Barton (2012); Salimizadeh 

(2018) and Mu  et al. (2023) who exposed 

aadA1 gene, While Algammal et al. (2020); 

Alariqi et al. (2024); Ikhrami et al. (2024) 

found the tetA (A) gene and Cayci et 

al.(2014); Saki et al. (2022); Giovagnorio et 

al. (2023)  and Alariqi  et al. (2024) detected 

the qnrA gene in  Ps. aeruginosa strains 

isolated from fish and different sources. 

 

CONCLUSION 

 

The PCR technique offers an important, 

rapid, and accurate tool for the detection of 

Ps. aeruginosa. Ninety percent of Ps. 

aeruginosa isolates were detected to be 

multiple drug-resistant (MDR). The 

prevention of MDR resistance is becoming a 

must through controlling the antimicrobial 

overuse to prevent or limit the emergence of 

new antibiotic-resistant lineages of bacteria. 

Hence, the pslA gene and oprL genes are 

responsible for the virulence and 

pathogenicity of Ps. aeruginosa strains in 

freshwater fish; their presence in the currently 

isolated Ps. aeruginosa strains may indicate 

their pathogenicity for freshwater fish (tilapia 

and catfish). The increasing incidence of 

community-acquired illnesses is likely to 

raise the risk of fish infections, which could 

lead to food poisoning originating from fish. 

Moreover, the revealed norfloxacin, 

gentamicin, and ciprofloxacin sensitivity of 

most isolates indicates the possibility of 

controlling the Ps. aeruginosa strains 

septicemia in fish. 
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 ( الزنجارية  ومعروفة Pseudomonas aeruginosaالزائفة  المائية،  البيئات  في  شائعة  الجرام  سالبة  بكتيريا   )

بقدرتها على إحداث الأمراض الانتهازية في الأسماك. تشُكل تهديداً خطيرًا لتربية الأحياء المائية نظرًا لقدرتها على  

لذلك، تسلط هذه   التسبب في عدوى شديدة، وارتفاع معدلات النفوق في تجمعات الأسماك، وخسائر مالية فادحة.

للمستهلكين بالنسبة  ايروجينوزا   بالسودوموناس  المتعلقة  العامة  الصحية  المخاوف  على  أيضًا  الضوء    . الدراسة 

في العضلات والكبد والكلى   عراض مرضيةاتظهر عليها  التي  عينة من الأعضاء    250أجريت الدراسة الحالية على  

المريضة النيلي  البلطي  لأسماك  والطحال  الأفريقي  (O. niloticus) والأمعاء   (C. gariepinus) والقرموط 

بأحجام مختلفة. تم جمع الأسماك من أسواق الأسماك المختلفة بمحافظة القليوبية بمصر خلال الفترة من سبتمبر  

فبراير    2023 لبكتيريا  2024إلى  والوراثة  المظهر  وتوصيف   .Pseudomonas aeruginosa (Ps .لعزل 

aeruginosa)  عزلة  52النتائج أن    أظهرت aeruginosa      تم استخلاصها من أعضاء أسماك المياه العذبة وتم

من   الغالب  في  )  25عزلها  الأمعاء  %48.1عينة عضلية  تليها  الكبد  25.0%)  13(  ثم  الكلى  15.4%)  8(    5(؛ 

(.  أظهر اختبار الانتشار القرصي وجود  %1.9)  القرموط الافريقي%(؛ وعينة واحدة من الطحال من سمك  9.6)

 .Ps     كانت  في جميع العزلات ضد فئات المضادات الميكروبية المستخدمة. (MDR) مقاومة للأدوية المتعددة 

aeruginosa   حساسة للغاية للنورفلوكساسين يليه الجنتاميسين والسيبروفلوكساسين. في المقابل، كان لديهم مقاومة

الأوكساسيلين ثم  للأمبيسيلين  وحم  ,التتراسيكلين  ,أموكسيسيلين  ,عالية  اكتشاف  سيفوتاكسيم  تم  الناليديكسيك.  ض 

)خاصة بالنوع( بواسطة   16s-Pseudomonas aeruginosa)جنس( وجينات   16s-Pseudomonasجينات  

في ثمانية     oprL)  و (pslA في جميع العزلات المختارة. تم العثور على جينات   تفاعل البلمرة المتسلسل تقنية

)جنس(   16s-Pseudomonasعلى التوالي. تم الكشف عن جينات   ps. aeruginosa.وخمسة نباتات تمت دراستها

بالنوع(     16s-Pseudomonas aeruginosaوجينات   المتسلسل)خاصة  البلمرة  تفاعل  جميع   بواسطة  في 

التوصل إلى أن الجين الرئيسي المسؤول عن ضراوة   لقد تم  من أسماك   المعزولة  Ps. Aeruginosaالعزلات. 
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