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Genetic profiling of virulence genes among Pseudomonas Aeruginosa isolates
recovered from diseased chickens

M.M. Morsy'®, H.K. Sorour'®, Z.S. Abdel Razek'®, A.G. Shalaby*'®

'Reference laboratory for veterinary quality control on poultry production, Animal Health Research Institute (AHRI),
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ABSTRACT: Pseudomonas aeruginosa (P. aeruginosa) is one of the opportunistic organisms. It holds multiple factors
incorporated into virulence and pathogenicity producing severe economic losses in poultry farms. This study aimed
to investigate the prevalence of Pseudomonas aeruginosa retrieved from different chicken farms and find out their
serogroups, antimicrobial-resistant pattern and the occurrence of the virulent genes using polymerase chain reaction
(PCR) against six virulent genes (lasL, lasB toxA, exoU, exoT, and oprl genes). Two hundred cases suffered from some
respiratory manifestation and septicemic picture in addition to yolk sacs from one-day-old chicks. All samples were
examined bacteriologically, serologically and molecularly. The isolated strains were tested against eight antimicrobial
discs. Eighteen isolates out of 200 (9%) of P. aeruginosa were defined. Serologically the isolates were related to more
serogroup (O1, 04, 06, O11, and O12) P. aeruginosa. All isolates showed multidrug resistance (MDR) to more than
one of antimicrobial discs such as (sulfamethoxazole, erythromycin, tetracycline, and ampicillin). However, those
isolates exhibited different sensitivities as 100% and 22.2% to ciprofloxacin and norfloxacin respectively. By PCR, all
P aeruginosa strains carried four virulence genes (/as/, toxA, exoU, and oprl). However, there were different ratios of
detection for lasB, and exoT genes. In conclusion, presence of different factors of virulent genes (lasl, toxA, exoU, and
oprl) which were predominant in all strains of P. aeruginosa. The MDR to more than one antimicrobial drug. Make
some restrictions in the treatment. Pseudomonas infection in poultry requires strict biosecurity measures to control and
eradicate the infection by P. aeruginosa;
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INTRODUCTION
eudomonas is one of the persistent agents in
many living organisms, food, and the environ-
ment (Ven-Heir et al., 2021). Normally, P. aeruginosa
is considered normal flora in bird species. Inversely,
under stress factors, the organism becomes pathogen-
ic. The infection is associated with some symptoms,
like respiratory signs (nasal discharge-swollen sinus-
es- gasping) and developing septicemia, and diarrhea,
(Gong et al., 2018). In the poultry industry, Pseudo-
monas spp. has been the main organism concerned
with chicken bodies (Chen et al., 2020). The zoonot-
ic nature of the organism was reported, especially in
one-day-old poultry, with significant losses (Abd El
Ghanyet et al., 2021). Products from chicken are im-
plicated as a major source of Pseudomonas spp. The
human disease may progress into a severe lung disor-
der (Azam and Khan 2019). P. aeruginosa produces
B-hemolysis on blood agar plates and grows in aero-
bic conditions. It is difficult to treat P. aeruginosa due
to some inherent factors that have developed antibiot-
ic resistance (Lister et al., 2009).

Many virulence factors are associated with the
organism’s pathogenicity by facilitating adhesion to
host cells, leading to infections (Skariyachan et al.,
2018). The virulence factors include biofilm forma-
tion, pyocyanin, and elastase, with some other fac-
tors controlled by a system known as quorum sensing
(QS) (Sousa and Pereira 2014). One of the virulence
genes is toxA, produced by P. aeruginosa, which pre-
vents protein synthesis and peptide formation (Nik-
bin et al., 2012; Fazeli and Momtaz 2014). The pres-
ence of the tox4 gene among P. aeruginosa isolates
displayed a vital role in the initiation of respiratory
symptoms as affected lung and trachea (Tartor and
El-Naenaeey, 2016). Exotoxin type A is secreted by
the type II secretion system. Also, Quorum Sensing,
Biofilm Formation, Type VI Secretion Systems, are
major virulence factors acting in different manners
in the immune system. (Rosha et al., 2019). Anoth-
er virulent factor is the /asB gene, which has an im-
portant role in acute lung infections (Bielecki et al.,
2008). the pathogenesis of P. aeruginosa is associated
with different virulence factors such as fox4, exo (S,
Y and U), opr (L and 1), and las, which can destroy
the host cells (Haghi et al., 2019). The group of opr
genes is the major element of lipoproteins in the outer
membrane of P. aeruginosa, which act as indicators to
identify the infection caused by P. aeruginosa (Nikbin
etal 2012).

The QS mechanism regulates the number of rele-
vant virulence factors (Papenfort and Bassler, 2016;
Baskan et al., 2021). The system controlled by the
las and rhl, . (Brindhadevia et al., 2020; Siriken et
al., 2020;). QS states to the capability of a bacteria to
sense information from other cells when they reach a
serious concentration (i.e. a quorum) to regulate the
production of different virulence factors (Elnegery
et al, 2021). There are different virulence-encod-
ing genes, such as toxin A (foxA), alkaline protease
(aprA), and elastase (lasB), which are regulated by
the /as and rhl genes (Attiah et al., 2021). Numerous
virulence factors may initiate its pathogenicity. Accu-
mulating different virulent factors can cause invasive-
ness to the bloodstream and tissue damage (Zeb et al.,
2017).

This work was conducted to detect the prevalence,
and demonstrate the occurrence of six virulent genes
(lasL, lasB toxA, exoU, exoT, and oprl genes) by
PCR, serogroups, and antibiotic-resistant mechanism
of Pseudomonas aeruginosa from different chicken
farms (broilers and layers).

MATERIALS AND METHODS

Sampling

The birds showed respiratory symptoms like na-
sal discharges, and difficulty breathing were collect-
ed. The cases were from broiler and layers every 10
samples from the same farm were considered as one
case. 200 cases represented different Egyptian gov-
ernorates (Giza, Sharkia, Qualiubia, Damnhour, Fay-
oum, and Gharbia) in the supplementary Table 1. in
the period from May to November 2021.

The birds were slaughtered according to animal
ethics and approval of the Reference Laboratory for
Veterinary Quality Control on Poultry Production
(RLQP) - Animal Health Research Institute (AHRI).
heart blood- hearts- lungs and yolk in the case of one
old chick were collected, transported aseptically in
sterile plastic bags, and put in an ice box, each bag
was labeled (the label had the name of the governor-
ate- farm name - the type of activity- organ name) to
bacteriology unit -RLQP AHRI.

Bacteriological isolation and identification
Isolation and biochemical identification of P. aeru-
ginosa, buffered peptone water (BPW) as a pre-en-
richment media was inoculated at 37°C for 24 h with
1 g of organ sample, a loopful of BPW was streaked
onto Trypticase soy agar (Oxoid) and was incubat-
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ed at 37°C for 24-48 h, the suspected colonies were
streaked on MacConkey agar (Oxoid) and Pseudomo-
nas agar media with CetriNix Supplement (FD029)
( Hi media) at 37°C for 24h. to observe the non-lac-
tose fermenting colonies the method was described by
with some modification (Shukla and Mishra, 2015).

The identification analysis included (Gram stain,
and motility) and some biochemical tests such as
oxidase and catalase, Blood agar hemolysis, nitrate
reduction tests, and gelatin hydrolysis were done fol-
lowing (Quinn et al., 2002). The identified isolates
were stored at -80° with the addition of glycerol until
molecular examination.

Serological identification

Polyvalent and monovalent diagnostic antisera
were used for serotyping of Pseudomonas isolates.
They included (4) vials of polyvalent and (16) vials
of monovalent antisera as follows (Mast Assure TM
P. aeruginosa. antisera) according to the manufactur-
er’s protocol (Bio-Rad®, France) and (Glupczynski et
al., 2010). Distribution of P. aeruginosa into groups
based on P. aeruginosa O antisera, as described in the
International Antigen Typing Scheme (IATS) accord-
ing to (Legakis ef al ,1982).

Antimicrobial susceptibility testing:

The isolates were grown on Mueller-Hinton Agar
(OXOID). All Pseudomonas isolates were tested
for various antimicrobial drugs (OXOID), as fol-
lows: Ampicillin (AMP;10 pg); Tetracycline (TE;30
ug)), Streptomycin (S;10 pg)), Sulfamethoxazole
(SXZ;100 pg)), Erythromycin (E;15 pg)), Naldix-
ic- acid (NA;30 pg)), Ciprofloxacin (CF;5 ug)), and
Norfloxacin (NOR;10 pg)). The inhibition zones were
measured in millimeters and scored as sensitive, inter-
mediate, and resistant categories following the critical
cutoff point that was mentioned in the Clinical and
Laboratory Standards Institute. Also, the interpreta-
tion of inhibition zones of test culture was according
to (CLSI 2013).

Molecular assessment
The cultured broth was submitted for further ex-
amination by molecular technique (PCR).

DNA extraction

QIAamp DNA Mini kit (Qiagen, Germany, GmbH)
was used for DNA purification according to manu-
facturer instructions with some modifications. Brief-
ly, take 200 pl of cultured isolate added to 10 ul of

proteinase K and 200 pl of lysis buffer then incubate
at 56°C for 10 min. After that addition of 200 pl of
100% ethanol. then washed and centrifuged. Elution
was done by the addition of 60 pl of elution buffer.

PCR amplification
The used Primers were delivered from Metabion
(Germany), the used Primers were listed in Table (1).

The PCR reaction was done with a reaction vol-
ume 25- pl. briefly, primers were utilized in a 25- ul
reaction containing 12.5 ul of EmeraldAmp Max PCR
Master Mix (Takara, Japan), 1 ul of each primer of 20
pmol concentration, 4.5 ul of water, and 6 ul of DNA
template. The reaction was performed in an Applied
biosystem 2720 thermal cycler.

Analysis of the PCR Products.

The products of PCR obtained from the thermal
cycler were separated by electrophoresis on 1.5%
agarose gel (Applichem, Germany, GmbH) in 1x TBE
buffer at room temperature using gradients of 5V/cm.

Gel analysis

20 ul of the PCR products were loaded in each gel
slot. Generuler 100 bp ladder (Fermentas, Thermo
Scientific, Germany) and gelpilot 100 bp plus DNA
ladder (Qiagen, gmbh, Germany) were used to deter-
mine the fragment sizes. The gel was photographed
by a gel documentation system (Alpha Innotech,
Biometra) and the Data was analyzed using Automat-
ic Image Capture Software (Protein Simple, formerly
Cell Biosciences, San Jose, CA, USA).

RESULTS

Bacteriological assay

Bacteriological examination revealed 18 positive
isolates of pseudomonas out of 200 examined cases
with a total percentage of (18/200 = 9 %). As shown
in Table (2). As the pseudomonas aeruginosa has a
characteristic colony on TSA (The basic colony of
P aeruginosa is circular, raised have a pigment pro-
duction pyocyanin (blue-green) the selected colonies
were identified on MacConky agar (colorless colo-
nies) and pseudomonas agar plates (blue-green pig-
mentation) as non-lactose fermenter.

According to biochemical tests, the recovered iso-
lates showed a positive reaction of oxidase and cata-
lase and gave B-hemolysis on blood agar and positive
for nitrate reduction test. The eighteen strains under-
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went a Serological examination. All the strains re-

vealed aeruginosa and the isolates belonged to groups
(01, 04, 06, Ol11, and O12).

The results of antimicrobial susceptibility testing:

All isolates of the P. aeruginosa were resistant
(100%) to Sulfamethoxazole, Erythromycin, Tetra-
cycline, and Ampicillin. Also, fifteen isolates showed
resistance (83.3%) to Streptomycin and Nalidixic
acid. But all isolates exhibited complete sensitivity to
Ciprofloxacin. four isolates showed sensitivity with
a percentage of (22.2%) to Norfloxacin. As shown in
Table (3).

PCR results

The examined isolates were confirmed by PCR by
amplification of species-specific 16S RNA gene, all
isolates were confirmed as P. aeruginosa.

on the examination of some virulent genes, all
18 strains showed positivity for (lasl, toxA, oprl and
exoU with 100%. The LasB gene was present with a
percentage 16.7% (3/18) and finally, (4/18) were also
positive for exoT gene with a percentage of 22.2% as
shown in figure (1).

The amplified products for Individual genes were
shown in Figures 2 and 7.

Table (1): Targeted genes, oligonucleotide primers, amplicon sizes and references for conventional PCR

Target gene Primers sequences (5’-3’) Amplified segment (bp) Reference
toxA GACAACGCCCTCAGCATCACCAGC 396 bp Matar et al., 2002
CGCTGGCCCATTCGCTCCAGCGCT
oprL ATG GAA ATG CTG AAA TTC GGC 504 bp Xu et al., 2004
CTT CTT CAG CTC GAC GCG ACG
lasB ACAGGTAGAACGCACGGTTG 1220 bp Finnan et al., 2004
GATCGACGTGTCCAAACTCC
lasl ATGATCGTACAAATTGGTCGGC 606 bp Bratu et al., 2006
GTCATGAAACCGCCAGTCG
exoT AATCGCCGTCCAACTGCATGCG 152 bp Winstanley ez al., 2005
TGTTCGCCGAGGTACTGCTC
exoU CCGTTGTGGTGCCGTTGAAG 134 bp
CCAGATGTTCACCGACTCGC
16S R-RNA GGGGGATCTTCGGACCTCA 956 bp Spilker et al., 2004
TCCTTAGAGTGCCCACCCG

Table (2): Incidence results for Pseudomonas spp. isolated from examined samples:

Age Types ofsamples 1\{0' of No. of isolates Percentage a.c cording to
examinedcases no of examined cases

One day old chick Yolk sac 80 4 5%

Broilers Heart blood and lung 100 11 11%

layers heart 20 3 15%

Total --- 200 18 9%

Table (3): The antimicrobial resistance results for P. aeruginosa isolates.

Antimicrobial agents Conc.  Resistance No /18 (%) Intermediate No /18 (%) Sensitive No /18 (%)
Sulphamethazole (SX) 100pg 18\100 0 0
Erythromycin (E) 15ng 18\100 0 0
Tetracycline (TE) 30 ug 18\100 0 0
Ciprofloxacin (CIP) (CIP) Sug 0 0 100%
Ampicillin (AMP) 10 pg 18\100 0 0
Streptomycin (S) 10 pug 15 (83.3) 2 (11.1) 1(5.6)
Nalidixic acid (NA) 30 ug 15(83.3) 3(16.7) 0
Norfloxacin (NOR) 10 ug 14 (77.8) 0 4(22.2)
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Virulence genes for P. aeruignosa
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Figure 1 The results of virulent genes for the examined 18 Pseudomonas aeruginosa strains by PCR.

12 3 4 5 6 7 & 9 10L 11 12 13 14 15 16 17 182 N P L

1220 bP 1500 bP

Figure (2): LasB gene amplification for pseudomonas aeruginosa

The figure showed PCR products for the amplified LasB gene for pseudomonas aeruginosa. Lane 1: 18 represent examined strains
and positive amplification appeared at 1220bp. Lane N represent negative Lane P represent positive reference P. aeruginosa control.
Lane L represented Gelpilot 100 bp plus Ladder (11 bands).

12 3 4 57 6 7 2 95 1O0L 11 12 13 14 15 16 17 18 P N

Figure (3): LasL gene amplification for pseudomonas aeruginosa

The figure showed PCR products for the amplified LasL gene for pseudomonas aeruginosa. Lane 1: 18 represent examined strains
and positive amplification appeared at 606bp. Lane N represent negative Lane P represent positive reference P. aeruginosa control.
Lane L represented Gelruler 100 bp Ladder (10 bands).
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12 3 4 5 6 7 & 595 10 L 11 12 13 14 15 16 17 18 P N
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Figure (4): toxA4 gene amplification for pseudomonas aeruginosa

The figure showed PCR products for the amplified toxA gene for pseudomonas aeruginosa. Lane 1: 18 represent examined strains
and positive amplification appeared at 396 bp. Lane N represent negative Lane P represent positive reference P. aeruginosa control.
Lane L represented Gelruler 100 bp Ladder (10 bands).

1.2 3 4 5 &6 7 2 95 10 L 11 12 13 14 15 16 17 18 P N

Figure (5): exoT gene amplification for pseudomonas aeruginosa

The figure showed PCR products for the amplified exoT gene for pseudomonas aeruginosa. Lane 1: 9 and from lanes 10 to 18
represent examined nine strains and positive amplification appeared at 152 bp. Lane N represent negative Lane P represent positive
reference P. aeruginosa control. Lane L represented Gelruler 100 bp Ladder (10 bands).

12 3 4 5 6 7 g 9 10 L 11 12 13 14 15 16 17 18 P N

Figure (6): exoU gene amplification for pseudomonas aeruginosa

The figure showing PCR products for the amplified exoU gene for pseudomonas aeruginosa. Lane 1: 18 represent examined strains
and positive amplification appeared at 134 bp. Lane N represent negative Lane P represent positive reference P. aeruginosa control.
Lane L represented Gelruler 100 bp Ladder (10 bands).
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Figure (7): oprL gene amplification for pseudomonas aeruginosa

The figure showed PCR products for the amplified oprL gene for pseudomonas aeruginosa. Lane 1: 18 represent examined strains and
positive amplification appeared at 504 bp. Lane N represent negative Lane P represent positive reference P. acruginosa control. Lane

L represented Gelruler 100 bp Ladder (10 bands).

DISCUSSION

Infection by Pseudomonas species in birds is an
opportunistic disease that can be transmitted through
poultry flocks, producing different lesions in the re-
spiratory system and leading to deaths (Walker ef al.,
2002). Many surveys have been directed at the inci-
dence of P. aeruginosa infection among different bird
flocks. In this research, the total incidence of P. aeru-
ginosa was 9%. Furthermore, the percentage in broiler
and layer flocks was 11% and 15%, respectively some
studies as Satish and Priti (2015) identified P. aerugi-
nosa with a percentage of 12% in healthy chicks and
30% in diseased ones. Our results were nearly like to
those of Mohamed (2004), who found that the per-
centage of P. aeruginosa was 7.6% in broiler chickens
isolated from many Egyptian governorates. Further-
more, P. aeruginosa has been detected with a percent-
age of (8.75%) in broiler chicken samples (Fargha-
ly et al., 2017). On the contrary, Hassan et al.,2013
recovered P aeruginosa from diseased broilers with
an incidence of 25.3% and with a percentage of 10%
in dead broilers. In addition, a single percentage of
52% of dead-in-shell embryos was documented by
Elsayed et al., 2016. recently, Badr et al., 2020 re-
corded a high incidence (69.57%) from broiler chick-
en farms and (39.78%) from chicks. Moreover, Eraky
et al., 2020, reported a percentage of 8% (16/200) of
P. aeruginosa from hatcheries with an incidence of
8.25% (17/206) in samples from chicken embryos.
In the present study, antimicrobial susceptibility test-
ing was conducted using eight different antimicrobial

agents. The highest recorded results were obtained as
the resistance reached (100%) with sulfamethoxaz-
ole, erythromycin, tetracycline, and ampicillin which
give difficulty for treatment by those types. Howev-
er, all of the strains were sensitive to ciprofloxacin,
and it is considered an effective antibiotic that can
be used for P. aeruginosa infection treatment, followed
by norfloxacin (22.2%). Three strains out of 18 only
exhibited sensitivity to nalidixic acid (16.7%), some
authors as Hassan et al,. 2020 recorded that all the
examined isolates were resistant to different num-
bers of antimicrobial agents (e.g., ampicillin, cefox-
itin, lincomycin, sulfamethoxazole, doxycycline,
and florfenicol). Also, they concluded that treating P
aeruginosa was difficult due to a significant increase
in antimicrobial resistance. Moreover, the results in
this study agreed with (Eraky et al., 2020) that stated
different strains of P. aeruginosa showed susceptibili-
ty (100%) to ciprofloxacin and 48.48%. streptomycin.
In addition, 100% resistance was recorded with oth-
er antimicrobials such as erythromycin, amoxicillin,
clavulanic acid, and doxycycline. and was 78.78%
with nalidixic acid. The strains of P aeruginosa use
different resistant mechanisms to overcome the most
commonly used antibiotics (Pang et al., 2019). in this
study P. aeruginosa tested isolates showed a multidrug
resistance pattern, this finding was also discussed by
(Karp et al., 2017), who found that multidrug-resis-
tant bacteria reflect human risk or veterinary risk. The
present study confirmed that P. aeruginosa was resis-
tant to multiple antimicrobial drugs and has several
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mechanisms to decrease its susceptibility to them as
well; it showed this resistance during treatment (Pang
et al, 2019). Also, our findings agreed with (Sousa
and Pereira 2014) who suggested that P. aeruginosa
produced many virulence factors in a synchronized
system to enable host colonization and adaptation.
Also (Morita et al, 2015) recorded that P. aeruginosa
has various virulence components, either expressed in
coded plasmids or included with other chromosomal
genes.

Quorum sensing is bacterial communication
through particular chemical elements that regulate
their action by constructing virulence factors and
antimicrobial resistance mechanisms (Asfour et al.,
2018). Some authors revealed that QS system-defi-
cient strains could not create infections due to viru-
lent factors downgrading gene expression (Kumar et
al., 2009). Also there are limited literature data about
the QS system with the presence of virulent genes and
their relation to genetic diversity (Bogiel et al., 2021;
El-Mahdy and El-Kannishy, 2019). Virulent genes
might contain many proteins used for hydrolysis in
host cells, causing a disturbance in the immune sys-
tem and causing inflammation and damage to the tis-
sue (Haghi et aal., 2019; Everett and Davies, 2021).
In this research, all the examined strains of P. aerugi-
nosa exhibited lasl, toxA, exoU, and oprL genes. while
three strains and four out from 18 P. aeruginosa strains
only appeared positive to lasB and exoT, respectively,
as in Figure 1. The tox4 gene can be used as a mark-
er for identifying strains of P. aeruginosa by using a
polymerase chain reaction (Auda et al., 2015). in the
present research foxA, was found in all the examined
strains, and these results matched to many previous-
ly documented studies (Auda et al., 2015; Elsayed et
al., 2016; Morales-Espinosa et al., 2017). also agreed
to that recorded by Hassan et al., 2020 who studied
different Pseudomonas spp. Against diverse virulent
genes then confirmed the existence of virulent genes
such as toxA, lasl, and lasB, in 100%, 80%, and 80%,
respectively.

One of the factors regulated and encoded by lasB
is elastase, a protease that affects host defense im-
mune-regulatory proteins (Dulon et al, 2004). In
this research, the lasB gene was detected in only three

strains out of 18 (3/18= 16.7%), and this incidence
differed from that designated by (Benie et al. 2017)
who detected the prevalence of lasB at 80%. The Las/
gene was responsible for the secretion of some viru-
lence factors, such as pyocyanin and elastase (Bratu
et al., 2006).

in the present work, the /as/ and oprl genes were
found with high percentage that reached 100%, and
these results were nearly agreed with that reported
by (Bratu et al.,2006) who detected 80%. Of lasl and
also, agreed with (Baskan et al., 2021) that recorded
a high prevalence for oprl. In our research of isolates
associated with pathogenicity and respiratory signs,
we found exoU-positive isolates to be in all examined
strains. This contrasts with previous studies using iso-
lates associated with diverse cases and suggests that
exoU-mediated cytotoxic activity may be an advan-
tage for P. However, a significant privation of exoU
suggested that the gene was not essential in P. aerugi-
nosa pathogenicity Lomholt et al. (2001)

CONCLUSION

P aeruginosa was isolated from suspected dis-
cased cases of chickens (layers and broilers) from dif-
ferent Egyptian governorates providing a conclusion
that poultry have the presence of multiple antibiotic
resistances between strains in this study, in addition
to the dissemination of multi-virulent genes amongst
them which increase their resistance to treatment
Since P. aeruginosa develops a complicated antibi-
otic resistance strategy, the most effective upcoming
treatments will likely require combinational reme-
dies. Also the presence of more than virulent genes
so P. aeruginosa is considered a serious problem in
poultry production and need a respectable program
for treatment and or prophylactic doses of effective
antimicrobial drugs.
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Governorate Types of farms Total no of cases
Broilers layers One day chicks Per Gov.
Giza 8 2 5 15
Qualiubia 14 2 18 34
Sharkia 24 4 21 49
Gharbia 18 3 14 35
Damnhour 22 5 12 49
Fayoum 14 4 10 28
Total 100 20 80 200

*the total is calculated according to the total examined farms of all types
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