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Pseudomonas aeruginosa is a clinically significant Gram-negative bacillus with remarkable ability to
thrive in diverse environments that could be attributed to its minimal nutritional demands allowing it
to exist in settings like wastewater, surface water, and moist conditions and even on inert surfaces. This
adaptability makes P. aeruginosa noteworthy for its environmental resilience and clinical importance.
This study aimed to examine the genetic determinants of virulence (tox4, lasB, picH, exoS), occurrence
of integrons (int1, int2) and molecular diversity among P. aeruginosa isolates recovered from canal water
in Peshawar, Pakistan. A total of fifty samples were collected and processed forisolation of P. aeruginosa.
Antibiotic susceptibility was conducted against eight different classes of antibiotics i.e. Norfloxacin
(10pg), Ticarcillin (75ug), Doripenem (10png), Azithromycin (10pg), Ciprofloxacin (5pg), Levofloxacin
(10pg), Polymyxin (300U) and Colistin (10ng). Isolated P. aeruginosa were analyzed for the presence
of lasB, toxA, exoS, and plcH, intland int2 genes. Genetic diversity was analyzed through RAPD PCR.
Results showed 98%, 74%, 100%, 26%, 70%, 98%, 100%, 100% susceptibility towards Norfloxacin,
Ticarcillin, Doripenem, Azithromycin, Ciprofloxacin, Levofloxacin, Polymyxin and Colistin respectively.
The occurrence of lasB, toxA, exoS and plcH was confirmed in 98% (n=49), 86% (n=43), 88% (n=44) and
96% (n=48) isolates. Int/ gene was detected in 90% (n=45) isolates whereas int2 gene was not detected.
Among the 50 isolates, 26 were clustered into 11 distinct clones whereas 24 isolates showed distinct
RAPD profiling. The presence of highly pathogenic strains of P. aeruginosa highlights the requirement
for efficient strategies for control and prevention.
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INTRODUCTION

Pveudomonas aeruginosa could lead to community-
acquired infections like keratitis, folliculitis, and ear
infections primarily due to exposure to recreational water
containing this bacterium (Moore et al., 2011). Presence
of P. aeruginosa in various water bodies has been reported
from different parts of the world. Individuals living in
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proximity to the river could experience a high incidence
of skin diseases, urinary tract infections (UTIs) and
gastroenteritis infections (GTIs) (Chakraborti et al.,
2016). The virulence factors of P. aeruginosa enable it
to adhere to host cells, disrupt signaling and invade the
host leading to persistent infections (Diggle and Whiteley,
2020). The virulence factor ExoS serves as the principal
cytotoxin essential for multiple functions including
invasion, colonization and bacterial dissemination during
infection. In P. aeruginosa the toxA gene encodes the
key virulence factor, exotoxin A, which is responsible
for inhibiting protein synthesis. P. aeruginosa produces
the hemolysin encoded by plcH gene which leads to
the degradation of lipids and lecithin (Hofmann et al.,
2021). Within the human body, collagen is a crucial
protein found in numerous tissues. The product of LasB
gene is responsible for breaking down type III and type
IV collagens. An Iranian study revealed a notably higher
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presence of lasB, exoS, and toxA genes in P. aeruginosa
isolated from children with cystic fibrosis (Camiade et al.,
2020). Various other studies have reported the occurrence
of various virulence factors in P. aeruginosa of clinical and
environmental origin (Bhasin, 2020; Ali and Al-Kenanei,
2020; Diggle and Whiteley, 2020; Bahador et al., 2019).

Microbial typing plays a crucial role in establishing
connections between different microbial strains (Suarez
et al., 2020). Randomly Amplified Polymorphic DNA-
Polymerase Chain Reaction (RAPD-PCR) is commonly
used for estimating genetic diversity among bacteria
(Goudarzi et al., 2016). RAPD offers a rapid and efficient
way to assess DNA polymorphism at multiple loci in
an organism’s genome. It is a simple, cost-effective
technique that doesn’t require prior knowledge of the
target DNA sequence (Sudrez et al., 2020; Nanvazadeh
et al., 2013). Horizontal gene transfer mechanisms,
facilitated by mobile genetic elements (MGE) are pivotal
in the acquisition of resistance genes in P. aeruginosa.
Resistance genes dissemination in the environment is
notably influenced by plasmids or transposons carrying
integrons. Among various Integrons, the class 1 integrons
are most prevalent in P. aeruginosa and are primarily
associated ~ with  B-lactamase-mediated  resistance
(Goudarzi et al., 2016). Class 1 integrons are widespread
among Gram-negative bacteria in diverse environments
including wastewater. However, Class 2 integrons are
seldom reported in P. aeruginosa (Bhasin et.al., 2020;
Bahador et al.,, 2019). This study aimed to address the
lack of data regarding molecular characteristics of P.
aeruginosa prevailing in canal water by investigating
the presence of virulence genes, integrons and genetic
diversity of P. aeruginosa_isolates recovered from canal
water in Peshawar, Pakistan.

MATERIALS AND METHODS

Isolation, culturing and identification

Fifty water samples were collected from various
canals in the Peshawar district of Khyber Pakhtunkhwa
and transferred to laboratory in cold conditions for further
processing. For isolation of bacteria, water samples (100
pl) were inoculated onto MacConkey agar plates (Oxoid,
UK) followed by incubation at 37 °C for 24 h. Standard
procedures including Gram staining and a series of
biochemical tests including catalase, oxidase, motility,
citrate, indole, triple sugar iron, methyl red (MR), Voges-
Proskauer (VP), gelatin hydrolysis, casein hydrolysis,
urease and phenotypic biofilm formation tests were
performed to identify P. aeruginosa (Al-Bayati et al.,
2021).

Antimicrobial susceptibility

Antibiotic susceptibility testing was conducted
using the Kirby-Bauer method. A fresh bacterial culture
was evenly spread on Muller Hinton agar medium and
antibiotic discs Levofloxacin (LEV) 5pg; Doripenem
(DOR) 10ug; Norfloxacin (NOR) 10pg; Azithromycin
(AZM) 15pg; Ticarcillin (TIC) 75ug; Cefaperazone (CFP)
75ug; Polymyxin (PB) 300 U; Colistin (CT) 10pg were
placed at specified intervals in accordance with CLSI
guidelines and reported procedures (Mohamed et al.,
2020). Following incubation, zones of inhibition were
measured to determine resistance, intermediate sensitivity
or sensitivity.

Detection of virulence genes

Bacterial DNA was extracted using bacterial genomic
DNA extraction kit (solar bio, D1600). DNA extraction was
performed according to-the kit instructions. The quality of
extracted DNA was checked through gel electrophoresis
using 1% agarose.

Presence of four virulence genes i.e. exoS, toxA, lasB
and plcH were analyzed. PCR reaction mix consisted of
4 pl master mix (FIREpol Cat. No. 04-12-00115), 1 pl
reverse primer, 1 pl forward primer, 13 pl water and 1 pl
DNA template to make the final volume up to 20 ul. PCR
products were checked through gel electrophoresis using
1% agarose. Primer sequences for different virulence
genes are given in Table I.

Table I. Primer sequence for detection of virulence
genes.

Gene Sequence of primers Size of prod-
5 -3 ucts in bps
Virulence genes
tox4A CTGCGCGGGTCTATGTGCC 270
GATGCTGGACGGGTCGAG
exoS CGTCGTGTTCAAGCAGATGGTGCTG 444
CCGAACCGCTTCACCAGGC

lasB GGAATGAACGAAGCGTTCTCCGAC 284
TTGGCGTCGACGAACACCTCG

plcH GCACGTGGTCATCCTGATGC 608
TCCGTAGGCGTCGACGTAC
Integrons
Int] CAGTGGACATAAGCCTGTTC 160
CCCGAGGCATAGACTGTA

Int2 CACGGATATGCGACAAAAAGGT 789
GTAGCAAACGAGTGACGAAATG
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The PCR thermal cycle for tox4, exoS, lasB and
plcH comprise initial denaturation at 95°C for 5 min
followed by 30 cycles each of denaturation at 94 °C for
30 sec, anncaling at 63 °C for 1 min, and extension at
72 °C for 1 min. The final extension was done at 72 °C
for 5 min, with the following minor deviations: (1) the
number of thermal cycles was 35 for exoS instead of 30.
(2) annealing was done at 61 °C for exoS and 55 °C for
lasB and plcH.

Analysis of integrons

Primer sequences used for the analysis of integrons
are shown in Table I. For amplification, the reaction
mixture consisted of: 4ul master mix (FIREpol Cat. No.
04-12-00115), 1pl reverse primer, 1pl forward primer, 13
ul water and 1l DNA template to make the final volume
up to 20 pl. The DNA fragments that were amplified were
subjected to gel electrophoresis using 1% agarose gel. PCR
conditions for int/ and int2 genes were initial denaturation
at 94 °C for 5 min, followed by 30 cycles, each of initial
denaturation at 94 °C for one min, annealing at 59 °C for 1
min, extension at 72 °C for 1 min. The final extension was
done at 72 °C for 5 min.

Genetic diversity analysis

For analysis of genetic diversity, previously
documented random decamer primer known as RAPD 272
was utilized (Ranjbar et al., 2014). The amplified RAPD
fragments were separated through gel electrophoresis
using 1% agarose gel. A 100 base pair DNA ladder
(Solis BioDyne no.07-11-00005) was employed for size
comparison.

Statistical analysis

To create bivariate data for statistical analysis, the
bands obtained from RAPD-PCR were coded as either 0
(indicating absence) or 1 (indicating presence). This binary
data was then used to calculate genetic diversity among
P aeruginosa isolates. Genetic distance among isolates
was estimated as reported (Ali et al., 2021). The software
MEGA X was employed to construct a dendrogram using
the bivariate data obtained from the RAPD-PCR analysis
(Ranjbar et al., 2014).

RESULTS

Antibiotics susceptibility

The results of antibiotic sensitivity are shown in
Table II. All the isolates (n=50) showed susceptibility
towards Doripenem, Polymyxin and Colistin. 98% (n=49)
isolates showed susceptibility towards Levofloxacin and
Norfloxacin while only 2% (n=1) isolates were resistant.

70% (n=35) of the samples showed susceptibility towards
ciprofloxacin, 14% (n=7) isolates were resistant whereas
16% (n=8) isolates were intermediate. For Ticarcillin
antibiotic 74% (n=34) isolates were susceptible, 14% (n=7)
were resistant while 12% (n=6) were intermediate. Out of
50 samples, 26% (n=13) of them showed susceptibility
towards Azithromycin, 56% (n=28) were resistant while
14% (n=7) showed intermediate resistance.

Table II. Antibiotic susceptibility of Pseudomonas
aeruginosa isolates.

S. Name of Sensitive (S) Intermediate Resistant (R)
No antibiotics % (no) @ % (no) % (no)

1 Ticarcillin 74% (m=37)- 12% (n=6) 14% (n=7)

2 Norfloxacin  98%(n=49) 0% (n=0) 2% (n=1)

3 Levofloxacin 98% (n=49) 0% (n=0) 2% (n=1)

4 Ciprofloxacin . 70% (n=35) 16% (n=8) 14% (n=7)

5 Doripenem . 100% (n=50) 0% (n=0) 0% (n=0)

6  Polymyxin 100% (n=50) 0% (n=0) 0% (n=0)

7 Colistin 100% (n=50) 0% (n=0) 0% (n=0)

8  Azithromycin 26% (n=13) 14% (n=7) 56% (n=28)

Detection of virulence genes

Result on the occurrence of virulence genes
among P. aeruginosa isolates are shown in Table III and
Supplementary Figure 1. The lasB gene was present in
98% isolates, plcH gene in 96% isolates, exoS gene in 88%
isolates and toxA4 in 86% isolates. The highest frequency
was observed for the /asB gene while the lowest prevalence
was seen for the toxA4 gene. The presence of the class 1
integron (intl gene) was noted in 90% isolates (Table III,
Fig. 1). None of the isolates were found to contain the
class 2 Integron genes (int2 gene).

Genetic diversity

A total of 13 distinct RAPD bands were observed
among all the isolates. The highest band size was 1500 bp
whereas the lowest band size was 300 bp. A phylogenetic
tree based on RAPD genetic diversity data is shown in
Figure 1. Among the 50 isolates, 26 isolates were grouped
into 11 distinct clones while 24 isolates exhibited unique
RAPD profiles based on similarity coefficients of > 80%.
The 11 distinct clones were labeled as follows: C1 (isolates
39 and 45), C2 (isolates 28 and 37), C3 (isolates 18, 7,
and 48), C4 (isolates 15, 25, and 23), C5 (isolates 6 and
41), C6 (isolates 14 and 32), C7 (isolates 2, 40, and 36),
C8 (isolates 1, 50, and 17), C9 (isolates 24 and 43), C10
(isolates 47 and 49), and C11 (isolates 16 and 30).
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1. Phylogenetic tree showing grouping of P
aeruginosa isolates. The software MEGA-X was used to
generate the phylogenetic tree using the UPGMA method.
Thirty-six isolates were grouped into 11 distinct clones: C1
(39, 45) C2 (28, 37) C3 (18, 7, and 48) C4 (15, 25, and
23) C5 (6, 41) C6 (14, 32) C742, 40, and 36) C8 (1, 50,
and 17) C9 (24, 43) C10 (47, 49) C11 (16, 30) based on
similarity coefficient > 80%. Twenty four isolates showed
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DISCUSSION

In this study a notably high frequency of the tox4 gene
(86%) was detected among P. aeruginosa isolates which
contrasts with a previous study reporting a low prevalence
(2.32%) of the foxA gene (Ghorbani et al., 2022) isolated
from well and spring water which shows that water could
potentially serve as a reservoir for P. aeruginosa and play
a role in disseminating resistance genes within the food
chain. Exotoxin A serves as a crucial virulence factor in
clinical infections, exerting a cytotoxic impact. Its role
involves hindering the biosynthesis of proteins during the
elongation factor 2 phase in the polypeptide chain, leading
to substantial loss of organs and tissues (Jenkins et al.,
2004). Significantly high prevalence (98%) of the lasB
gene was observed in current study whereas a previous
study from Eastern Cape, South Africa reported a lower
prevalence (75%) of lasB gene isolated from hospital
wastewater (Mapapi ef al., 2021). Other studies from Iran
showed lower prevalence of lasB gene in P. aeruginosa
isolated from environmental samples such as soil and
surface and spring waters (Gholami, 2019; Ghorbani,
2022). These findings showed mutagenic elements
within bacteria, inappropriate usage of disinfectants and
detergents which find their way to surface water, improper
administration of medications in human infections, and
unregulated use of drugs in animals and poultry within the
context of contemporary industrial practices. The product
of LasB gene, also recognized as elastase B, facilitates the
invasiveness of P. aeruginosa and has been demonstrated
to exhibit high toxicity to the host. This toxicity arises from
its enzymatic activity, which disrupts various mechanisms
of both the innate and adaptive immune systems (Reboud
et al., 2016). A substantially high prevalence (96%)
of the plcH gene was observed in this study whereas a
study conducted in Abidjan, West Africa reported a lower
prevalence (72.1%) of the plcH gene in P. aeruginosa
isolated from fresh and smoked fish (Benie ef al., 2017).
These prevalence findings indicate that the isolated strains
possess the capability to secrete hemolytic exoenzymes and
phospholipase C. Consequently, these strains may play a
role in pulmonary infections (Barker et al., 2004). Another
study from Iran showed a prevalence of 45.9% for the plcH
gene isolated from burn infections which is considerably
less than the findings of current study (Ellappan et al.,
2018). The plcH gene is accountable for provoking
pro-inflammatory responses and enhancing virulence,
particularly contributing to pulmonary inflammation and
suppressing the oxidative burst of neutrophils (Wieland et
al., 2002). In this study, a high prevalence (88%) of the
exoS gene was observed. This is in contrast to findings
from studies conducted in Iran which showed 62%

occurrence of the gene in P. aeruginosa isolated from
spring water (Gholmai et al., 2019). Notably the frequency
of exoS gene in the study conducted by Firouzi-Dalvand
et al. (2019) was only 14% in P. aeruginosa obtained
from clinical samples. The product of ExoS gene, with its
ADP ribosyltransferase (ADPR) activity and function as
a GTPase-activating protein, induces rapid lysis of host
cells, showing maximal phospholipase activity (Barbieri
et al.,2004).

Current study revealed a significantly high prevalence
(90%) of class 1 Integrons while prevalence of class 2
Integrons was not detected in P. aeruginosa isolates.
In contrast, a study from Barcelona, Spain showed 0%
presence of class 1 integrons in P. aeruginosa isolated
from water samples (Ruiz-Martinez et al., 2011). Another
study from Brazil revealed class 1 and 2 integron in
3.2% isolates of P. ageruginosa obtained from lake water
(Zanetti et al.,;2013) which is in contrast with the current
study. The findings indicate that P. aeruginosa strains
in the environment could serve as a potential source for
the dissemination of antibiotic resistance genes through
mobile genetic elements.

A high genetic diversity among P. aeruginosa was
observed in the current study. In China, a study reported
similar genetic diversity pattern among the isolates
of P. aeruginosa (Wu et al., 2016). Other studies also
reported high genetic diversity among clinical isolates
of P. aeruginosa (Kumari and Thakur, 2014; Zulfahmi et
al., 2021). A study conducted in Iran reported only nine
distinct genotypes indicating a lower genetic diversity
among the isolates of P. aeruginosa that does not align
with the findings of the current study (Kumari and
Thakur, 2014). Considerable genetic diversity reflects
the fact a wide variety of distinct genetic characteristics
are possessed by the isolated P. aeruginosa strains to
make them better adopted to diverse environments. This
diversity suggests that multiple sources or origins may
contribute to the population of P. aeruginosa in the canal
water. The existence of various genetic profiles implies that
different strains with diverse genetic makeup are present,
and this diversity can influence the bacterium’s resistance,
adaptability, and potential impact on the environment and
human health.

CONCLUSION

The study reveals the occurrence of virulent and
Integron possessing P. aeruginosa in canal water in
Peshawar, Pakistan which is commonly used for irrigation
and other human activities. The findings carry substantial
clinical implications. These finding show a heightened risk
of waterborne infections and the potential dissemination
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of antibiotic resistance of these bacteria. The presence
of virulence genes in P aeruginosa suggests an
increased likelihood of infections upon human exposure
to contaminated water. Furthermore, the existence of
integrons implies a mechanism for the transfer of antibiotic
resistance genes, likely contributing to the emergence
of multidrug-resistant strains. The contaminated water
poses a threat to public health, particularly for individuals
with compromised immune systems, emphasizing the
critical importance of robust water quality monitoring,
public awareness, and measures to mitigate the spread
of both pathogenic and antibiotic resistant bacteria in the
community. This highlights the need for taking action by
irrigation authorities to maintain cleanliness of canals and
educating public about not disposing waste directly into
open water bodies.
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