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Introduction

Without any doubt poultry are one of the most proper sources for 
animal protein for humans worldwide because of its short life cycle and 
the efficiency cost of production. In Egypt, a huge interest was paid to 
poultry sector to confront the incremental demands for animal protein. 
Infectious diseases of broilers are very important due to the high mortali-
ties and growth retardation in addition to the high costs of antimicrobials 
used in their prevention or treatment (Abed et al., 2022).

Poultry are susceptible to various respiratory diseases which cause 
serious effect on poultry industry as a result of decreasing the produced 
protein and transmission of zoonotic pathogens (Contreras et al., 2007). 
Control of these diseases is considered one of the main problems in poul-
try industry. 

Airsacculitis syndrome is a worldwide economically significant prob-
lem affecting broiler chickens and result in high morbidity and mortality 
(Abed et al., 2026). Furthermore, according to Food Standard Agency, 
airsacculitis is one of seven PM lesions having a public health concern 
(MLCSL, 2013).

Airsacculitis is caused by many viral and bacterial pathogens. Bacteri-
al respiratory pathogens mostly colonize respiratory tract after a primary 
viral infection as avian influenza, infectious bronchitis, and Newcastle dis-
ease, other pathogenic bacteria as Mycoplasma gallisepticum, and Myco-
plasma synoviae or presence of environmental factors as high ammonia 
levels (Abdelrahman, 2022).

Pseudomonas aeruginosa (P. aeruginosa) can cause respiratory infec-
tions in all birds kinds (Bakheet and Torra, 2020) causing high economic 
losses in poultry industry due to decrease egg production and the great 
mortalities especially in embryos and young chicks which may reach up 
to 100% during the first week of age (Abed, 2007). On the other hand, it 
is one of the main causes of zoonotic (Yaseen et al., 2020) and nosocomial 

infections in human (Mohamed et al., 2022).
Antimicrobial resistance (AMR) and emergence of multi-drug resis-

tant (MDR) bacteria is considered one of the most significant problems 
facing bacterial diseases treatment. Food-producing animals as well as 
their environments are reservoirs for antimicrobial resistant bacterial 
pathogens and AMR genes which may be transmitted to human directly 
by the contact or indirectly through food production chain (WHO, 2011). 
AMR of P. aeruginosa is widely common and of public health concern 
(Radwan et al., 2016). There is a broad diversity of MDR P. aeruginosa 
isolates harboring resistance genes (Wiehlmann et al., 2007). 

Extended-Spectrum β-Lactamases (ESβLs) and plasmid-mediated 
ampC β-lactamases perform a big risk in treatment of the bacterial dis-
eases because of their important role in AMR induction (Carmo et al., 
2014). ESβLs can hydrolyze the various β-lactam antibiotics, the 3rd and 
4th generations of cephalosporins as well as monobactams and can be 
inhibited by the clavulanic acid (CA) (Poulou et al., 2014). Furthermore, 
ESβLs-coding plasmids may carry AMR genes of other antimicrobials 
classes leading to limitation of ESβLs-producers therapy and enhancing 
dissemination of ESβLs between the different bacteria (Zahar et al., 2009).

ESβLs-producers were reported worldwide (Zahar et al., 2009) and 
β-lactam resistant P. aeruginosa development became a huge risky prob-
lem particularly the incremental resistance against the 3rd and 4th gen-
erations of cephalosporins as well as carbapenems that are of particular 
concern (Abd El Tawab et al., 2016). There are many groups of ESβLs but 
TEM, CTX-M and SHV were the most detected types among the clinical 
isolates of Gram-negative (Bush and Fisher, 2011). Therefore, ESβLs-pro-
ducers detection is essential for the epidemiological purposes and AMR 
limitation. CLSI, (2015) recommended combined disc diffusion (CDD) test 
for the phenotypic confirmation of ESβLs production.

P. aeruginosa is capable of production several virulence factors in-
cluding enterotoxins, exotoxins, proteolytic enzymes, pigments, leuko-
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ARTICLE INFO ABSTRACT

Airsacculitis is considered one of the respiratory signs caused by many viral and bacterial pathogens. This study 
aimed to investigate prevalence of airsacculitis syndrome among broiler chickens at Beni-Suef, El-Fayoum and 
El-Menia Governorates, Egypt and phenotypic as well as genotypic characterization of P. aeruginosa associated 
it. Therefore, 239 diseased or freshly dead broiler chickens were randomly collected from the different farms 
at these Governorates and were subjected to clinical and bacteriological examinations. P. aeruginosa isolates 
were investigated for antimicrobial susceptibility, ESβLs production, biofilm formation, haemolytic activity and 
pyocyanin production. Furthermore, 6 multidrug resistant P. aeruginosa isolates were investigated by PCR for 
presence of some antimicrobial resistance genes included aadB, ampC, blaCTX, blaTEM and sul1 genes as well as 
some virulence genes included exoS, hlyA, lasB, lasI, phzM and toxA genes. Airsacculitis was recorded in 43.9% of 
the examined broiler chickens and P. aeruginosa was recovered from 53.3% of these cases. Antimicrobial suscep-
tibility test revealed that P. aeruginosa isolates were highly resistant to sulfamethoxazole/trimethoprim, β-lact-
ams and gentamicin while were highly sensitive to fluoroquinolones and phenicols. Furthermore, combined disc 
diffusion and cefinase disc tests revealed that 39.3% and 42.9% of P. aeruginosa isolates were ESβLs-producer, 
respectively. Biofilm formation, haemolytic activity and pyocyanin production were detected in all P. aeruginosa 
isolates. PCR revealed that all the investigated isolates have ampC, blaCTX and blaTEM genes while only 66.7% of 
them have aadB and sul1 genes. Also, it revealed that all the investigated isolates have exoS, lasB, lasI and phzM 
genes while only 83.3% and 66.7% of them have toxA and hlyA genes, respectively.
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cidin, phospholipase and slime together are concerned with the high 
pathogenicity of P. aeruginosa (Wolska et al., 2002). Formation of biofilm 
by bacteria is considered a virulence and resistance mechanism (Cepas 
et al., 2019 and Ahmed et al., 2022). MDR P. aeruginosa, virulence genes 
existence and expression of certain virulence factors; mostly protease, 
elastase and siderophore, correlated with the pigment producing strains 
rather than the non-pigmented strains (Finlayson and Brown, 2011). P. 
aeruginosa has variable virulence genes on the chromosomes or plasmids 
as toxA, lasB and lasI (Morita et al., 2015).

Considering the above facts, this study aimed to investigate prev-
alence of airsacculitis syndrome among broiler chickens at Beni-Suef, 
El-Fayoum and El-Menia Governorates, Egypt as well as determination of 
the phenotypic and genotypic characters of P. aeruginosa associated it. 

Materials and methods

Ethical approval

Institutional Animal Care and Use Committee of Beni-Suef University, 
Egypt approved protocol of the current work with ethical approval num-
ber BSU- IACUC-022-254.

Broiler chickens samples

During the period from January to October 2023, 239 diseased or 
freshly dead broiler chickens (2-5 weeks age) were randomly collected 
from the different farms at Beni-Suef, El-Fayoum and El-Menia Governor-
ates and were subjected to clinical and post-mortem (PM) examination 
for airsacculitis detection.

Collected samples

A total of 105 airsacculitis samples were aseptically collected from 
the diseased and freshly dead broiler chickens. The collected samples 
were given serial numbers with detailed information, and were rapidly 
transferred under chilled conditions to the laboratory in Department of 
Bacteriology, Mycology and Immunology, Faculty of Veterinary Medicine, 
Beni-Suef University, Egypt.

Isolation and identification of P. aeruginosa 

Airsacculitis samples were aseptically cut into small pieces then in-
oculated into tryptone soya broth (TSB) (Oxoid, UK) and incubated under 
aerobic condition at 37˚C for 24 hrs. After that, a loopful from each in-
oculated broth was streaked onto tryptone soya agar (TSA) (Oxoid, UK) 
as well as MacConkeyʼs agar (Oxoid, UK) and incubated under aerobic 
condition at 37˚C for 24-48 hrs.

Later, small and smooth colonies having a characteristic bluish-green 
pigment on TSA in addition to have serrated edges and non-lactose fer-
menter on MacConkey’s agar were inoculated in/on cetrimide broth and 
agar media (HiMedia, India) and considered presumptively P. aeruginosa. 
They were morphologically and biochemically confirmed by using the 
standard tests described by Collee et al. (1996) and Quinn et al. (2011). 
Further confirmation was performed by using API 20 NE system (bio-
Merieux, France) according to instructions of the manufacture.

Antimicrobial susceptibility testing of P. aeruginosa isolates

Susceptibility of P. aeruginosa isolates were tested for 14 different 
antimicrobials belonging to 7 antimicrobial classes on Muller Hinton agar 
by using disc diffusion method as described by Clinical and Laborato-
ry Standards Institute (2021). The antimicrobials included penicillin (P, 
10μg), amoxycillin-clavulanic acid (AMC, 30μg), cefuroxime (CXM, 30μg), 
cefotaxime (CTX, 30μg), ceftazidime (CAZ, 30μg), cefepime (FEP, 30μg), 

amikacin (AK, 30μg), gentamicin (CN, 10μg), kanamycin (K, 30μg), cipro-
floxacin (CIP, 5μg), levofloxacin (LEV, 5μg), florophenicol (FFC, 30μg), dox-
ycycline (DO, 30μg) and sulphamethoxazole-trimethoprim (STX, 25μg) 
(Oxoid, UK).

Detection of ESβLs-producing P. aeruginosa isolates 

Detection of ESβLs-producing P. aeruginosa isolates by combined disc 
diffusion test

ESβLs-producing P. aeruginosa isolates were detected by CDD test 
using CAZ, CTX, CXM and FEP discs alone and alongside AMC disc (Oxoid, 
UK). CAZ, CTX, CXM and FEP discs were placed on the inoculated plate 
around AMC disc with 2 cm center to center then incubated under aero-
bic conditions at 37˚C overnight. The tested isolate was interpreted as ES-
βLs producer on increasing the growth-inhibition zone diameter around 
one or more of the discs alongside AMC disc to at least 5 mm against the 
agent’s zone diameter when tested alone (CLSI, 2021). 

Detection of ESβLs-producing P. aeruginosa isolates by Cefinase disc test

ESβLs-producing P. aeruginosa isolates were detected by Cefinase 
disc test using CefinaseTM discs (bioMerieux, France) according to man-
ufacturer’s instructions.

Detection of biofilm-forming P. aeruginosa isolates

Biofilm-forming P. aeruginosa isolates were determined by using mi-
crotiter plate (MTP) assay as described by Osman et al. (2019). Overnight 
P. aeruginosa isolates cultures were diluted in 5 ml of TSB containing 0.5% 
w/v NaCl then incubated at 37˚C with shaking to optical density (OD) of 
0.8 at A 620 nm. After that, the cultures were diluted with fresh TSB/NaCl 
in ratio of 1:40 and 150 μl of each dilution was inoculated into a well of a 
microtiter plate. The plate was sealed by para-film and was incubated at 
37˚C for 2 days. Active HDPs was used for treatment in TSB for 1 day and 
distilled water (DW) was used as the positive control. Later, the wells were 
washed three times with DW and filled with crystal violet (CV) (Oxford, In-
dia) for 15 min. which then removed followed by washing the wells three 
times with DW then addition of 30% v/v acetic acid (EL Naser, Egypt).

ODs of adhering biofilms were measured by using ELISA reader 
(Labsystems, Multiskan, China) at A 620 nm. Each isolate was tested in 
triplicate and the assay redone three times. Isolates with values exceed 
0.2 were classified as high biofilm-producers while those had values less 
than 0.081 were classified as non- or low-biofilm producers. Biofilm pro-
duction magnitude was ascertained through formula; BF=AB/CW, where 
BF denotes biofilm formation, AB denotes OD at 620 nm for the stained 
attached bacteria whereas CW denotes OD at 620 nm for the stained 
control wells free from bacteria.

Detection of pyocyanin-producing P. aeruginosa isolates

Each isolate of P. aeruginosa was inoculated in glycerol alanine min-
imal broth medium and incubated at 37˚C aerobically for 24 hrs. Later, 
the tube was centrifuged and 5 ml of the supernatant was mixed with 3 
ml of chloroform for extraction of pyocyanin. After that, pyocyanin was 
re-extracted into 1 ml of acidified water (0.2 M HCL) and was spectropho-
tometrically quantified by measuring the absorbance at 520 nm (Déner-
vaud et al., 2004). 

Polymerase chain reaction for P. aeruginosa isolates

Six multidrug resistant P. aeruginosa isolates were investigated by 
PCR for presence of 5 AMR genes included resistance genes against ami-
noglycoside (aadB), β-lactams (ampC, blaCTX and blaTEM) and sulfonamide 
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(sul1), as well as 6 virulence genes included genes encoding for α-hae-
molysin (hlyA), exotoxin A (toxA), exotoxin S (exoS), pyocyanin (phzM) and 
quorum sensing (lasB and lasI). Sequences of the used primers (Metabi-
on, Germany) and size of the amplified products of the target genes were 
summarized in Table 1.

Results

Prevalence of airsacculitis among the investigated broiler chickens

PM examination revealed presence of airsacculitis in 105 broiler 
chickens from the examined samples with a prevalence of 43.9%.

Prevalence of P. aeruginosa among the investigated broiler chickens

P. aeruginosa isolates (n.= 56) were recovered from the airsacculitis 

cases found in the investigated broiler chickens (n=105) with a preva-
lence of 53.3%.  

Antimicrobial susceptibility of P. aeruginosa isolates

P. aeruginosa isolates showed highest resistance against STX (100%) 
followed by CTX (96.4%) and then P (87.5%). After that, the resistanc-
es against CN, CAZ, AMC, FEP and CXM were 76.8, 73.2, 73.2, 69.6 and 
62.5%, respectively. On the contrary, they showed highest sensitivity to 
LEV (91.1%) followed by CIP (87.5%), FFC (53.6%) and AK (50%) (Table 2).

ESβLs production by P. aeruginosa isolates

Phenotypic detection of ESβLs production by using CDD and cefinase 
tests revealed that 39.3% (n=22) and 42.9% (n=24) of P. aeruginosa iso-
lates were ESβLs-producers, respectively.  
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Primers Primer Sequence 5´-3´ Amplified product Reference

Resistance genes

aadB F
R

GAGCGAAATCTGCCGCTCTGG
CTGTTACAACGGACTGGCCGC 319 bp Frana et al. (2001)

ampC F
R

TTCTATCAAMACTGGCARCC
CCYTTTTATGTACCCAYGA 550 bp Srinivasan et al. (2005)

blaCTX
F
R

ATGTGCAGYACCAGTAARGTKATGGC
TGGGTRAARTARGTSACCAGAAYCAGCGG 593 bp Archambault et al. (2006)

blaTEM
F
R

ATCAGCAATAAACCAGC
CCCCGAAGAACGTTTTC 516 bp Colom et al. (2003)

sul1 F
R

CGGCGTGGGCTACCTGAACG
GCCGATCGCGTGAAGTTCCG 433 bp Ibekwe et al. (2011)

Virulence genes

exoS F
R

GCGAGGTCAGCAGAGTATCG
TTCGGCGTCACTGTGGATGC 118 bp Winstanley et al. (2005)

hlyA F
R

AACAAGGATAAGCACTGTTCTGGCT
ACCATATAAGCGGTCATTCCCGTCA 1177 bp Piva et al. (2003)

lasB F
R

ACAGGTAGAACGCACGGTTG
GATCGACGTGTCCAAACTCC 1220 bp Finnan et al. (2004)

lasI F
R

ATGATCGTACAAATTGGTCGGC
GTCATGAAACCGCCAGTCG 606 bp Bratu et al. (2006)

phzM F
R

ATGGAGAGCGGGATCGACAG
ATGCGGGTTTCCATCGGCAG 875 bp Finnan et al. (2004)

toxA F
R

GACAACGCCCTCAGCATCACCAGC
CGCTGGCCCATTCGCTCCAGCGCT 396 bp Matar et al. (2002)

Table 1. Primers sequences and amplified products for the different targeted genes for P. aeruginosa isolates.

Class Antimicrobial agent Disc content
(µg)

P. aeruginosa tested isolates  (n=56)

R I S

No. % No. % No. %

Penicillins
Penicillin 10 49 87.5 3 5.4 4 7.1

Amoxycillin-Clavulanic Acid 30 41 73.2 7 12.5 8 14.3

Cephalosporins

Cefuroxime 30 35 62.5 5 8.9 16 28.6

Cefepime 30 39 69.6 5 8.9 12 21.4

Ceftazidime 30 41 73.2 4 7.1 11 19.6

Cefotaxime Sodium 30 54 96.4 - - 2 3.6

Aminoglycosides

Gentamicin 10 43 76.8 2 3.6 11 19.6

Kanamycin 10 21 37.5 11 19.6 24 42.9

Amikacin 30 19 33.9 9 16.1 28 50

Fluoroquinolones
Ciprofloxacin 5 5 8.9 2 3.6 49 87.5

Levofloxacin 5 3 5.4 2 3.6 51 91.1

Tetracyclines Doxycycline HCl 30 27 48.2 3 5.4 26 46.4

Phenicols Florophenicol 30 15 26.8 11 19.6 30 53.6

Pot. Sulphonamides Sulfamethoxazole/trimethoprim 25 56 100 - - - -

%: was calculated according to the number of tested E. coli isolates (n=56).

Table 2. Results of antimicrobial susceptibility testing of P. aeruginosa isolates.



Virulence factors of P. aeruginosa isolates

Haemolytic activity of P. aeruginosa isolates 

All P. aeruginosa isolates were haemolytic. Most of the isolates (52/56; 
92.9%) showed β-haemolysis while only few isolates (4/56; 7.1%) showed 
α-haemolysis.

Biofilm formation by P. aeruginosa isolates

MTP assay revealed that all P. aeruginosa isolates were high bio-
film-formers where they had OD values exceeding 0.2 with average value 
of 0.460±0.1334.

Pyocyanin production by P. aeruginosa isolates

Spectrophotometric quantification of pyocyanin revealed that all P. 
aeruginosa isolates were pyocyanin-producers with an average value of 
4.359±1.870 μg/ml.

Prevalence of antimicrobial resistance and virulence genes among the in-
vestigated P. aeruginosa isolates

Regarding to AMR genes, PCR revealed that all the investigated P. 
aeruginosa isolates (n=6) harboured ampC, blaCTX and blaTEM genes mean-
while both aadB and sul1 genes were found in only 66.7% (n=4) of the 
investigated isolates (Table 3 and Figures 1-3).

While regarding virulence genes, PCR revealed that all the investi-
gated P. aeruginosa isolates harboured exoS, lasB, lasI and phzM genes 
followed by toxA and hlyA genes which were found in 83.3% (n=5) and 
66.7% (n=4) of the investigated isolates, respectively (Table 3 and Figures 
4-8).

Fig. 1. Agarose gel electrophoresis for PCR products which targeted aadB gene in P. aeru-
ginosa isolates. Lane M: DNA ladder (100 bp), lane Pos.: Positive control, lane Neg.: Neg-
ative control and lanes 1-6: DNA extracted from P. aeruginosa isolates showing positive 
bands at 319-bp in all the investigated isolates except isolates number 1 and 3.

Fig. 2. Agarose gel electrophoresis for PCR products which targeted ampC gene in P. aeru-
ginosa isolates. Lane M: DNA ladder (100 bp), lane Pos.: Positive control, lane Neg.: Neg-
ative control and lanes 1-6: DNA extracted from P. aeruginosa isolates showing positive 
bands at 550-bp in all the investigated isolates.

Fig. 3. Agarose gel electrophoresis for PCR products which targeted sul1 gene in P. aeru-
ginosa isolates. Lane M: DNA ladder (100 bp), lane Pos.: Positive control, lane Neg.: Neg-
ative control and lanes 1-6: DNA extracted from P. aeruginosa isolates showing positive 
bands at 433-bp in all the investigated isolates except isolates number 3 and 5.

Fig. 4. Agarose gel electrophoresis for PCR products which targeted exoS gene in P. aeru-
ginosa isolates. Lane M: DNA ladder (100 bp), lane Pos.: Positive control, lane Neg.: Neg-
ative control and lanes 1-6: DNA extracted from P. aeruginosa isolates showing positive 
bands at 118-bp in all the investigated isolates.

Fig. 5. Agarose gel electrophoresis for PCR products which targeted lasB gene in P. aeru-
ginosa isolates. Lane M: DNA ladder (100 bp), lane Pos.: Positive control, lane Neg.: Neg-
ative control and lanes 1-6: DNA extracted from P. aeruginosa isolates showing positive 
bands at 1220-bp in all the investigated isolates.

Fig. 6. Agarose gel electrophoresis for PCR products which targeted lasI gene in P. aerugi-
nosa isolates. Lane M: DNA ladder (100 bp), lane Pos.: Positive control, lane Neg.: Neg-
ative control and lanes 1-6: DNA extracted from P. aeruginosa isolates showing positive 
bands at 606-bp in all the investigated isolates.

H.H. Sayed et al. /Journal of Advanced Veterinary Research (2026) Volume 16, Issue 3, 351-358

354



Discussion

Respiratory tract diseases of poultry have a big economic significance 
worldwide where they cause high mortalities and variable morbidity in 
poultry and subsequently large economic losses in poultry sectors. They 
are complex syndromes that may be caused by one microorganism or 
more in addition to the stress factors that exaggerate the disease (Abed, 
2007). Airsacculitis is considered one of the respiratory signs which 
caused by many viral and bacterial pathogens (Abdelrahman, 2022). 

In this study, PM examination revealed that prevalence of airsaccu-
litis among the investigated broiler chickens was 43.9%. This result was 
supported by Barnes et al. (2008) and Syuhada et al. (2014) who recorded 
that airsacculitis was one of the major PM lesions in the chronic respira-
tory diseases of broiler chickens while slightly lower prevalence of airsac-
culitis (32.3%) and (34.6%) were recorded by Abd (2007) and Gomis et al. 
(2001), respectively.

Regarding to prevalence of P. aeruginosa among the investigated 
airsacculitis samples, it was recovered from 53.3% of them while Has-
san (2013), Satish and Priti (2015) and Wolska et al. (2002) reported that 
prevalence of P. aeruginosa among airsacculitis samples were 25.3%, 30% 
and 26.8%, respectively. Also, much lower prevalence was recorded by 
Radwan et al. (2022); 8.3%.

Antimicrobials are the most important tools for controlling the bac-
terial diseases, to reduce their prevalence and mortalities. Furthermore, 
they can be used as growth promoters to maintain birds’ productivity 
and health limiting the great economic losses that occur in poultry sec-
tors globally (Radwan et al. 2021b). Therefore, antimicrobial susceptibility 
testing is valuable to choice the suitable antimicrobial for therapy and 
prophylaxis. Also, it is very important for MDR bacteria detection which 
has a public health concern. 

Antimicrobial susceptibility testing results of our P. aeruginosa iso-
lates run parallel to those recorded by Radwan et al. (2022) who found 
that P. aeruginosa isolates had high resistance against β-lactams and SXT 
in addition to high sensitivity to fluoroquinolones as well as those re-
ported by Hassan et al. (2018) who found that P. aeruginosa isolates had 
complete or high resistance to AMC, DO, STX and AK as well as high 
susceptibility to CIP and K. Also, Emam (2006) and Kamel (2011) recorded 
nearly similar results where they found that P. aeruginosa isolates had 
high resistance against β-lactams and CN as well as high sensitivity to 
fluoroquinolones. Furthermore, Radwan et al. (2021b) reported that P. 
aeruginosa isolates had high resistance against β-lactams, CN and SXT 
as found in this study while they reported that the isolates had high re-
sistance against fluoroquinolones, phenicols and tetracyclines in contrast 
to our results. 

EsβLs-producing bacteria are defined as those which develop resis-
tance against β-lactams through β-lactamases production that hydrolyze 
or inactivate antimicrobials having an oxyimino side chain including 3rd 
and 4th generations of cephalosporins as well as monobactams mean-
while unable to inactivate carbapenems and cephamycins (Abd El Tawab 
et al., 2016). They can be prohibited by β-lactamase inhibitors as CA and 
tazobactams (Bush and Fisher, 2011 and Ghodousi et al., 2015). 

EsβLs are considered the major cause of Gram-negative bacteria re-
sistance against β-lactams (Rawat and Nair, 2010) and their production 
may be attributed to the widespread use of β-lactams (Chaudhary and 
Aggarwal, 2004). β-lactamases genes are mainly carried on the plasmids 
(Abd El Tawab et al., 2016) in addition to the other MGEs (Ghodousi et 
al., 2015) and so they could be disseminated among the different bac-
teria (Ghodousi et al., 2015). ESβLs and carbapenemases-producing bac-
teria are MDR representing a great public health concern (Rahman et 
al., 2018). Gram-negative bacteria frequently produce β-lactamases and 
carbapenemases (Meletis, 2016).

In this study, most P. aeruginosa isolates were resistant to the tested 
β-lactams, therefore, they were investigated by CDD and cefinase tests 
for detection of ESβLs production which confirmed that 39.3% and 42.9% 
of P. aeruginosa isolates were EsβLs-producers, respectively. Our results 
agreed with those recorded by Begum et al. (2013) and Radwan et al. 
(2018) who found that 35.4% and 40% of P. aeruginosa isolates were 
EsβLs-producers, respectively. On the contrary, lower prevalences of Es-
βLs-produces were reported among P. aeruginosa isolates by Aggarwal et 
al. (2008); 20.3%, Rafiee et al. (2014); 6.5%, Shaikh et al., (2015); 25.1% and 
Umadevi et al. (2011); 19.4%. Also, Radwan et al. (2021b) reported higher 
prevalence of EsβLs-produces among P. aeruginosa isolates; 66.7%. 

P. aeruginosa can produce variable extracellular components increas-
ing their virulence such as fluorescein, pyocyanin, haemolysins, phospho-
lipases and biofilm (Kebede, 2010). Moreover, Parija (2012) enumerated 
four exopigments produced by P. aeruginosa strains including pyocyanin 
(bluish-green color and easily identified on the agar medium), fluorescin 
(yellowish-green color), pyorubin (red color) and pyomelanin (brown col-
or). In this study, P. aeruginosa isolates were phenotypically investigated 

Fig. 7. Agarose gel electrophoresis for PCR products which targeted phzM gene in P. aeru-
ginosa isolates. Lane M: DNA ladder (100 bp), lane Pos.: Positive control, lane Neg.: Neg-
ative control and lanes 1-6: DNA extracted from P. aeruginosa isolates showing positive 
bands at 875-bp in all the investigated isolates.

Fig. 8. Agarose gel electrophoresis for PCR products which targeted toxA gene in P. aeru-
ginosa isolates. Lane M: DNA ladder (100 bp), lane Pos.: Positive control, lane Neg.: Neg-
ative control and lanes 1-6: DNA extracted from P. aeruginosa isolates showing positive 
bands at 396-bp in all the investigated isolates except isolate number 5.

 Table 3. Prevalence of different tested resistance and virulence genes in the 
examined P. aeruginosa isolates (n.= 6).

The tested Gene
Positive

No. %

Resistance genes

aadB 4 66.7

ampC 6 100

blaCTX 6 100

blaTEM 6 100

Sul1 4 66.7

Virulence genes

exoS 6 100

hlyA 4 66.7

lasB 6 100

lasI 6 100

phzM 6 100

toxA 5 83.3

%: was calculated according to the number (No.) of the tested isolates (n=6).
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for some virulence factors included biofilm formation, haemolytic activity 
and pyocyanin production.

The haemolysins are cytolytic exotoxins invade the host cells, degrade 
RBCs membrane and facilitate the bacterial iron uptake from hemoglo-
bin (Moraveji et al., 2014). The haemolysins expression is considered the 
main mechanism deployed by bacteria to facilitate the bacterial infection 
and prohibit the host defense (Almeida et al., 2013) targeting the host 
phagocytic cells (Radwan et al., 2021a). Expression of haemolysins must 
be considered a favoring for development of extra-intestinal infections 
(Kassé et al., 2016). In the current study, all P. aeruginosa isolates were 
haemolytic and mostly β-haemolytic as reported by Abd El Halim (2022). 

Production of slime and surfacesʼ attachment capability to enhance 
formation of biofilm is a fundamental factor in bacterial pathogenicity 
(El-Seedy et al., 2019). Biofilms play a vital role in emergence and dis-
semination of AMR in microbial population (Morente et al., 2013). They 
can impair antimicrobial therapy by raising the AMR level up to 1000 
times and therefore huge antimicrobial concentrations are essential for 
achieving bacteriostatic or bactericidal effects within a biofilm (Hall and 
Mah, 2017). Such resistance may be ascribed to the insufficient antimicro-
bial concentrations reaching the biofilms parts and metabolic inactivity, in 
addition to active antimicrobial degradation mechanisms which prevent 
accumulation of antimicrobials to the effective concentrations on the bio-
film-forming bacteria (Ahmadi et al., 2017). The biofilms formation could 
be enhanced by the sub-inhibitory concentrations of antimicrobials (Abd 
El Halim, 2022). Furthermore, biofilm production could be injurious to 
the host tissues through enhancing release of the phagocytic lysosomal 
enzymes (Hermeyer et al., 2011). Moreover, biofilm-forming bacteria be-
come more resistant to the opsono-phagocytosis (Srednik et al., 2017). 

In the present study, MTP assay revealed that all P. aeruginosa iso-
lates were high biofilm-formers in agreement with results of Tras et al. 
(2019) who found that all P. aeruginosa isolates can form biofilm. While 
such result was higher than those recorded among P. aeruginosa isolates 
by Abd El Halim (2022); 87.5%, Radwan et al. (2021b); 63.6% and Radwan 
et al. (2022); 40%.

Pyocyanin is a blue active pigment produced by P. aeruginosa (Kan-
thakumar et al., 1993). It is considered one of the most significant viru-
lence factors of P. aeruginosa have a great concern (Fuse et al., 2013). 
Pyocyanin was the most studied phenazine with redox abilities causing 
damage of the host cells (Lau et al., 2004) and enhances P. aeruginosa 
virulence through prohibiting many host cellular functions as gene ex-
pression, innate immune mechanisms, cellular respiration, energy me-
tabolism, and electron transport (Rada and Leto, 2013). Also, it can in-
duce neutrophils apoptosis limiting the local inflammatory reactions and 
bacterial clearance (Allen et al., 2005). Furthermore, pyocyanin has great 
antimicrobial effects against different Gram-positive and Gram-negative 
bacteria (El-Gohary, 2004). In this study, all P. aeruginosa isolates were 
pyocyanin-producers with a mean value of 4.359±1.870 μg/ml.

The incremental AMR is receiving great attention globally and in 
Egypt (Radwan et al., 2016). Emergence and dispersal of MDR bacteria 
is a huge and incremental problem in both medical and veterinary fields 
(Radwan et al., 2021a). Poultry and their environments are major reser-
voirs for resistant bacteria and AMR genes which could be transmitted to 
human directly or indirectly (WHO, 2011). 

P. aeruginosa genome is highly changeable due to insertion of the 
various MGEs (Wiehlmann et al., 2007) and acquires defensive mecha-
nisms permitting maintenance of AMR genes in addition to many degra-
dative enzymes and secretion systems affecting human infection (Frank, 
2012).  Many AMR and virulence genes were reported on P. aeruginosa 
plasmids (Kelly et al., 2009) that are the primary vector for dissemination 
of AMR between bacteria (Radwan et al., 2016). Therefore, in the present 
study 6 multidrug resistant P. aeruginosa isolates were examined by PCR 
for presence of 5 AMR genes included aadB, ampC, blaCTX, blaTEM and sul1.

P. aeruginosa follow variable molecular mechanisms for developing 
its AMR against β-lactam antibiotics like a) ESβL generation, b) ESβL en-

coding genes acquisition from the environmental bacteria, c) expression 
level increasing of chromosome-encoding β-lactamase genes (bla), d) bla 
genes mobilization by the combination with the integrons and horizontal 
transmission to the other bacteria, e) plasmid-mediated carbapenemases 
dispersal; like metallo-β- lactamases, and f) porin genes expression stop-
page and efflux pump-based AMR (Radwan et al., 2021b). ESβLs are the 
main causes of β-lactams resistance in Gram-negative bacteria (Rawat 
and Nair, 2010). The most common ESβLs enzymes in the clinical isolates 
were CTX-M (Pitout et al., 2005), TEM-1 and 2 (Abd El Tawab et al., 2016; 
Bush and Fisher, 2011; Ghodousi et al., 2015) and SHV-1 (Abd El Tawab et 
al., 2016; Ghodousi et al., 2015).

In the present study, ampC, blaCTX and blaTEM genes were found in 
all the tested P. aeruginosa isolates in agreement with results of Abd El 
Tawab et al. (2016), Bora et al., 2014, Ghodousi et al. (2015) and Pitout et 
al. (2005) who suggested that TEM, and CTX-M were the main genetic 
groups of ESβLs in the clinical isolates of Gram-negative bacteria.

The aadB gene is encoding for aminoglycoside adenyltransferase 
(ANT2-Ia) enzyme production (Poole, 2011) which is concerned with ami-
noglycoside resistance, including CN, K and tobramycin (Radwan et al., 
2021b). In this study, aadB gene was found in 66.7% of the investigated P. 
aeruginosa isolates. This result agreed nearly with that reported by Rad-
wan et al. (2021b) who found aadB gene in 50% of the investigated P. 
aeruginosa isolates. 

P. aeruginosa is regarded as one of the most virulent pathogens 
that causes ravaged diseases leading to great mortality in poultry farms 
(Kebede 2010). P. aeruginosa can produce many virulence factors espe-
cially exotoxin A encoding by toxA gene, pyocyanin regulated by phzM 
gene that cause host cell damage, elastase enzyme which degrades host 
defense and damages the epithelial cells, type III secretion system that 
can inject the eukaryotic cells cytoplasm with toxic effector proteins (Abd 
El-Halim, 2020). The most universal primers used in PCR for P. aeruginosa 
isolates is mainly relying on detection of 5 significant enterotoxin genes 
including toxA, phzM, exoS, lasB and exoU (Shi et al., 2012). 

In the present study, PCR was used for examination of 6 MDR P. aeru-
ginosa isolates for presence of 6 virulence factors genes included exoS, 
hlyA, lasB, lasI, phzM and toxA. PCR revealed that all the investigated P. 
aeruginosa isolates harbored these genes except toxA and hlyA genes 
which were found in only 83.3% and 66.7% of the examined isolates, re-
spectively.

ToxA gene is encoding for exotoxin A which is an important ADP-ribo-
syl transferase toxin (Liu, 2009). It was regarded as a significant virulence 
factor in the clinical isolates of P. aeruginosa from the different affections 
in chicken especially respiratory diseases (Tartor and El-Naenaeey, 2016). 
The toxA granted ability of P. aeruginosa for induction multiple clinical 
lesions in the different organs through its inhibitory effect on production 
of cytokines resulting in minimizing the host potential for infection clear-
ance (Abd El-Halim, 2020). Therefore, the transmission potential of highly 
virulent P. aeruginosa strains from the broiler chickens to humans has 
public health concern. Furthermore, P. aeruginosa is considered one of 
the top five bacterial pathogens causing health care-associated infections 
respecting to virulence factors genes (Elmaraghy et al., 2019).

Respecting to the reported prevalence of toxA gene (83.3%), this re-
sult was reinforced by El-Gohary (2004) and Bahaa El-Din et al. (2008) 
who found toxA gene in 80% and 89.4% in the tested P. aeruginosa iso-
lates, respectively. On contrary, Radwan et al. (2021b) didn’t detect toxA 
gene in all the tested P. aeruginosa isolates and many previous studies 
reported presence of toxA gene in all the investigated P. aeruginosa iso-
lates (Abd El-Halim, 2020, Hasssan et al., 2020, Hosni, 2016, Morales-Espi-
nosa et al., 2017, Sabharwal et al., 2014 as well as Tartor and El-Naenaeey, 
2016). Also, higher prevalences of toxA gene were reported by Elmaraghy 
et al. (2019); 95.7%, Lavenir et al. (2007); 95%, Taee et al. (2014); 97.2% and 
Wolska and Szweda (2009); 91.8%. 

Quorum sensing is an essential bacterial method for their commu-
nication and talking through specific chemical molecules which used for 
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regulation of their action against the host by regulating production of 
their AMR and virulence factors determinants (Sabharwal et al., 2014). 
Quorum sensing gene (lasI) is an auto-inducer which was positively 
linked to virulence traits secretion by P. aeruginosa as elastase enzyme 
and pyocyanin (Bratu et al., 2006). LasB gene is another quorum sensing 
gene encoding also for elastase enzyme that is an extracellular endo-
peptidase (proteolytic enzymes) and was implicated as a very important 
virulence factor of P. aeruginosa (Wolz et al., 1991). It was regarded as an 
immune-regulatory protein affecting host immunity and damaging the 
epithelial cells (Dulon et al., 2004).

In this study, PCR revealed that all the investigated P. aeruginosa iso-
lates had lasI gene as previously recorded by Abd El Halim (2020) and 
Hosni (2016) while Hassan et al. (2020), Kadhim and Ali (2014), Radwan 
et al. (2018), Sabharwal et al. (2014) and Senturk et al. (2012) found that 
80%, 78.3%, 30%, 75% and 83.3% of the investigated P. aeruginosa iso-
lates by harbored lasI gene. Concerning the recorded prevalence of lasB 
gene, our result was similar to that reported by Morales-Espinosa et al. 
(2017) who found lasB gene in all the investigated P. aeruginosa isolates 
while lower prevalences were reported by Benie et al. (2017); 89%, Hassan 
et al. (2020); 80% and Tartor and El-Naenaeey (2016); 85.7%  

Pyocyanin is resulted from phenazine conversion by phzM gene 
(Mavrodi et al., 2001). The phz operon encoding proteins required for 
phenazine conversion were identified by Finnan et al. (2004). PCR re-
vealed that all the investigated P. aeruginosa isolates had phzM gene in 
accordance with results of Abd El Halim (2022), Hosni (2016) and Mo-
rales-Espinosa et al. (2017) while lower prevalence of phzM gene were 
found among P. aeruginosa isolates by Finnan et al. (2004); 94.1%, and 
Jamunadevi et al. (2012); 85.7%. Furthermore, Radwan et al. (2021b) as 
well as Tartor and El-Naenaeey (2016) didn’t detect phzM gene among 
the investigated P. aeruginosa isolates.

Exoenzyme S (exoS) is an important virulence factor of P. aerugino-
sa where it has an antiphagocytic property permitting the host defense 
overcoming and resulting establishment of the infection and damage the 
tissues (Rocha et al., 2003). There are 4 effector proteins described in P. 
aeruginosa (exoS, exoU, exoY and exoT). They share in tolerance of in-
nate immune responses and possess enzymatic activity resulting in host 
cells physiology disturbances and bacterial clearance inhibition (Sato et 
al., 2006). It was reported that exoS and exoU had the major effects on 
virulence meanwhile exoY and exoT had minor effects but had great role 
in pathogenesis (Jia et al., 2006). Most the clinical P. aeruginosa isolates 
harbored exoS or exoY genes while exoU gene was less frequent (Feltman 
et al., 2001). The reported prevalence of exoS gene in this study (100%) 
agreed with results of El-Sayed et al. (2016) and Radwan et al. (2021b) 
who found that all the investigated P. aeruginosa isolates harbored exoS 
gene while Zhao et al. (2012), Tartor and El-Naenaeey (2016) and Benie et 
al. (2017) found that 58%, 79% and 89% of the investigated P. aeruginosa 
isolates harbored exoS gene, respectively. 

Conclusion

This study demonstrated that P. aeruginosa is one of the main caus-
es of airsacculitis among broiler chickens at Beni-Suef, El-Fayoum and 
El-Menia Governorates, Egypt. P. aeruginosa isolates showed high resis-
tance against most of the tested AMs and ESβLs production was con-
firmed in many of them. All P. aeruginosa isolates were haemolytic and 
producers for both biofilm and pyocyanin. Furthermore, all the investi-
gated MDR P. aeruginosa isolates harbored several AMR and virulence 
genes posing a serious risk to broiler chickens and humans.
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