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Abstract

In the current study, 100 different clinical samples were collected in Baghdad hospitals,
including Teaching Laboratories Hospital, Medical City, Baghdad Teaching Hospital, and
Martyr Ghazi Hariri Hospital, for a period from May 2022 to September 2022. After diagnosis,
we obtained 19 isolates of Pseudomonas aeruginosa from different clinical sources, including
burns, wounds, urinary tract infections, otitis media, and blood. Cultured all samples on
MacConkey, cetrimide agar. Then it underwent several microscopic and biochemical tests.
Included are: Oxidase, Citrate utilization, Triple sugar-iron (TSI), catalase, Gelatinase, Motility
and Ornithine decarboxylation tests. Pseudomonas aeruginosa susceptibility to 11 antibiotics
was tested using the disc diffusion method. It has been shown that Pseudomonas aeruginosa has
multi-antibiotic resistance. It showed that all isolates were resistant to Penicillin 98%,
Cefuroxime Sodium 98%, Amoxicillin/clavulanic Acid 98%, Erythromycin 98%, Oxacillin 98%,
Cefotaxime 76%, Ofloxacin 58%, Cefipime 22%, Ceftazidime 16%, and Imipenem 16%.
Amikacin was the most effective in isolates, as it was found that 8% are resistant to it. The
bacteria's ability to produce biofilm was assessed using a crystal violet (CV) assay, and it was
found that all isolates by 100% had the ability to produce biofilm. 15 isolates were 84% strong-
forming, 2 (8%) were moderate-forming, and 2 (8%) were weak-biofilm-forming. The biofilm
genes pslA, and PA-SS were studied. The results of this study showed that all isolates of
Pseudomonas aeruginosa possess these genes by 100%.
Keywords: pslA gene, PA-SS gene, Pseudomonas aeruginosa .

1. Introduction

Pseudomonas aeruginosa is ubiquitous and gram-negative and causes nosocomial infections
in immune-compromised patients with cancer, post-surgery burns infections, and human
immunodeficiency virus (HIV) [1, 2]. In 2017, Pseudomonas aeruginosa was recognized as one
of the most life-threatening bacteria and listed as a priority pathogen for research and
development of new antibiotics by the World Health Organization [3]. Common antimicrobial
agents frequently exhibit limited efficacy due to the adaptability and high intrinsic antibiotic
resistance of Pseudomonas aeruginosa [4]. Additionally, treatment of these infections is also
hindered by Pseudomonas aeruginosa's ability to form biofilms, which protect from surrounding
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environmental stresses through phagocytosis and thereby confer the capacity for colonization
and long-term persistence [5, 6].

Pseudomonas aeruginosa uses multiple interconnected signal transduction pathways for quorum
sensing (QS), enabling the bacteria to communicate between cells and orchestrate collective
behavior, which is essential for the adaptation and survival of whole communities [7]. Biofilms
have a substantial bearing on over 90% of chronic wound infections. In the United States,
approximately 6.5 million patients were affected by chronic wound infections, which resulted in
a high health-care burden and economic consequences estimated at over US$25 billion [8]. It is
important to diagnose Pseudomonas aeruginosa infections at an early stage before biofilm
development, which could enhance the susceptibility of this bacteria to antimicrobial treatments.
Biofilm is a complex aggregate of bacteria encased in a self-generated matrix of extracellular
polymeric substances (EPS) and is one of the species' survival mechanisms during unexpected
changes in living conditions such as temperature, fluctuation, and nutrient availability [9].
Bacteria can be saved from immune responses and are resistant to antimicrobials, increasing up
to 1000 times more than other organisms. Pseudomonas aeruginosa is a well-known biofilm,
which makes it an excellent model to study biofilm formation [10]. Biofilm is critical for bacteria
to compete, survive, and dominate in the cystic fibrosis lung environment [11]. The aim is to
study the detection of the pslA and PA-SS genes in Pseudomonas aeruginosa clinical cases.

2. Materials and Methods
2.1.Sample collection

100 samples were collected from different clinical cases for a period from May 2022 to
September 2022 from Teaching Laboratories Hospital/Medical City, Martyr Ghazi Hariri
Hospital, and Baghdad Teaching Hospital.
2.2.1dentification of bacterial
2.2.1.Morphological examination

Phenotypic characteristics were studied through its growth on Cetrimide agar, MacConkey
agar, and color generation on adjusted specialized agar to diagnose characteristics in terms of
colony shape, color, size, and smell [12].
2.2.2.Microscope examination

Bacterial isolates were subjected to a microscopic examination by staining with Gram for the
purpose of identifying the shape of the cells, their aggregation, and their reaction with Gram
[13].
2.2.3.Biochemical tests

Biochemical tests done, which included Oxidase, catalase, Citrate utilization, Triple sugar-iron
(TSI), Gelatinase, Motility, and Ornithine decarboxylation [14].
2.3. Antibiotic Susceptibility

A sensitivity test for bacterial isolates carried out using the Kirby-Bauer method After
incubating overnight, we measured and recorded the distance across each zone in millimeters,
and compared the results with CLSI (2018) [15].
2.4.Biofilm Formation

A microtiter plate measure was utilized for the measurement of the biofilm arrangement of
pholates. Tests were performed in pre-sterilized polystyrene, 96-well microtiter plates [16].
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2.5.Genomic DNA extraction:

A special kit was used to extract genomic DNA from the Presto "™ Mini g DNA Bacteria Kit.
Genomic DNA extraction according to ABIO pure extraction.
2.6.Quantitation of DNA

A Quantus Fluorometer was used to detect DNA concentration.
2.7.Primer preparation

Lyophilized primers (Macrogen Company) were dissolved in nuclease-free water at a
concentration (100 pmol/ul) as a stock solution. The Primer solution was prepared by adding (10
ul) of stock solution to (90 ul) of nuclease-free water to obtain (10 pmol/ul) (stored at -20 C).
Primers (pslA and PA-SS) and conditions of PCR are shown in Tables 1. and 2.

Table 1. Primers of (pslA and PA-SS) genes in this study

Annealing Product

Primers Sequence 5°-3° °C) (bp) References
pslA-F TGGGTCTTCAAGTTCCGCTC 55 119 Abdulhaq et al., 2019
pslA-R ATGCTGGTCTTGCGGATGAA [17]

PA-SSF GGGGATCTTCGGACCTCA 56 956 Oluborode et al., 2018
PA-SSR TCCTTAGAGTGCCCACCCG [18]
Table 2. Optimal conditions for (PCR)
Steps Temperature Mint. : sec. Cycle
Initial Denaturation 95 °C 05:00 1
Denaturation 95°C 00:30 30mu
Primer Temperature
Annealing pslA 55°C 00:30
PA-SS 56°C
Extension 72°C 00:30
Final extension 72°C 07:00 1
Hold 10°C 10:00

3.Results and Discussions
3.1. Diagnosis of bacteria

100 samples collected from clinical samples, including burns, wounds, urinary tract infection,
otitis media, and blood, for a period of May 2022 to September 2022, from hospitals: Teaching
Laboratories Hospital/Medical City, Baghdad Teaching Hospital, and Martyr Ghazi Hariri
Hospital. After the final diagnosis, 19 isolates were found to belong to Pseudomonas aeruginosa.
A microscopic diagnosis was done, and it was found on examination by Gram stain that all
isolates showed gram-negative status, and the culture characteristics of colonies of all were
observed to be colonies with a characteristic odor that smells like grapes by a compound called
2-aminoacetophenone, as mentioned [19].
The diagnosis and phenotypic characteristics of bacteria were grown on Cetrimide agar, and it
appeared that all confines had developed on this medium and created diverse sorts of shades. 10
(66%) created pyocyanin (blue-green); 3 (22%) created pyorubin (yellow-green); 4 (8%) created
pyorubin (red-brown); and the final 2 (4%) showed up as unpigmented colonies [20]. On
MacConkey agar, it looked non-lactose-fermented and paler [21].
As for the biochemical tests, all isolates were positive for oxidase. This shows that bacteria
contain the enzyme cytochrom oxidase and catalase assays. It was positive for the citrate; there
were no fermenters on the TSI test; all confines were motile on the motility test; negative for
ornithine decarboxylation; and positive for gelatinase action.
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Due to its widespread distribution and pathogenic potential, Pseudomonas aeruginosa is one of

the most significant Pseudomonas species. An important source of infection in the critical care
unit, it is an opportunistic pathogen [22]. According to studies, bacteremia (50%), VAP (30%),
and bacteremia with Pseudomonas aeruginosa infections all had greater global death rates than
other infections (20%) [23].
The study of [24] showed only 33 isolates of burn and wound infections from 75 isolates of
Pseudomonas aeruginosa, while [25] showed (69%) of clinical sources of P. aeurginosa. This bacteria is
a common cause of burn infection. P.aeruginosa was a very common infection in wounds and burns
because of the ease of obtaining low-quality and ineffective antibiotics without a prescription. This may
be due to the contamination of the hospital environment [26].
3.2.Antimicrobial Susceptibility test

An antibiotic sensitivity assay was tested on 11 antibiotics, and the results showed all isolates
were resistant to penicillin, oxacillin, erythromycin, cefuroxime sodium, and amoxicillin/
clavulanic Some isolates appeared to be moderately resistant to Penicillin (98%), Cefuroxime
(98%), Amoxicillin (98%), Oxacillin (98%), Erythromycin (98%), Cefotaxime (76%), and
Ofloxacin (58%). The general resistance was for cefipime (22%), ceftazidime (16%), and
imipenem (16%). Whereas amikacin appeared to have the most elevated strength against all
confines, and as it were, 8 percent of the segregates were sensitive, all results as appeared in
Figure 1.
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Figure 1. Percentage of resistance Pseudomonas aeruginosa to different antimicrobial.

The results showed that Pseudomonas aeruginosa is resistant to many antibiotics, including
Ceftazidime (16%), which is similar to [27]. It was found that isolates were resistant to
Ceftazidime by 16%. While the resistance to Amikacin was 8%, which was the highest resistance
to antibiotics, This agrees with [28] that the resistance to Amikacin was 11.7%. As for
Amoxicillin, the percentage was 98%, which is similar to [29], where the percentage was 100%.
The resistance of Imipenem bacteria was 16%, which is close to the results obtained by [30]. by
23.5%. The rate of resistance to Pseudomonas aeruginosa in the current study to Ofloxacin was
58%, and this agrees with [31], as it was shown that the rate of resistance to Ofloxacin was 37%.
The researchers [32] from Saudi Arabia reported that the resistance rate of Pseudomonas
aeruginosa isolates to Imipenem was 35.4%, 43% for each of Ciprofloxacin and Amikacin,
38.5% for Cefepime, and 43% for Ceftazidime. This study is not compatible with the current
study. [24] has shown that the isolates of Pseudomonas aeruginosa have a high resistance to
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Cefotaxime 78% which is similar to what was obtained in this study. The study by Mustafa and

Abdullah (2020) [33] shows that the gene encoded for aminoglycoside 6 -N-acyteltransferase
type Ib can acetylate aminoglycosides and fluoroquinolones, leading to a reduction in
susceptibility to these agents.

In the study by Abdullah (2016) [34], it was shown that Pseudomonas aeruginosa is resistant
100% to Cephalothin¢ Carbencillin¢ Amikacin Amoxicillin/clavulanic Acid, Ciprofloxacin, and
Gentamicin.

3.3.Biofilm quantification by CV assay:

The biofilm-shaping capacity of Pseudomonas aeruginosa confines was assessed using the
CV strategy. The biofilms of isolates were classified as powerless, medium, and solid biofilm
makers according to their OD values. All isolates were 100% biofilm-producing, including: 15
isolates (84%) were strong biofilm makers; 2 isolates (8%) were direct biofilm makers; and the
final 2 isolates (8%) were destitute biofilm makers, as shown in Figure 2.
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Figure 2. Biofilm formation degree of Pseudomonas aeruginosa using CV assay.

Our study, which showed all isolates were biofilm makers using the microtiter plaque strategy
utilizing the CV test, this study agreed with [28]. as the ratio was 98.4%, and with [35] What was
found was that the ratio was 96%, indicating a high rate of biofilm formation, and [36] showed
that 98% of Pseudomonas aeruginosa isolates isolated from different clinical samples were
biofilm-forming. However, a study conducted in Iran [37] reported that only 24% of
Pseudomonas aeruginosa isolates were found to be biofilm-forming, which contradicts the
findings of the current study. In Egypt, [38] reported that Pseudomonas aeruginosa had a
percentage of 27.7% that was strong biofilm-forming, 21.3% that was moderate biofilm-forming,
and 51.1% that was weak or non-biofilm-forming.
3.4. DNA extraction

A DNA kit (Promega, USA) was used to extract the DNA of bacterial isolates according to
the manufacturer's instructions.
3.5. Measurement of DNA Concentration

After DNA extraction, the concentrations of DNA were measured using the Quantus
Fluorometer. The results revealed that the concentrations of extracted DNA ranged between 20
and 25 ng/pl.
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3.6. Detection of biofilm genes using polymerase chain reaction (PCR)

The detection of biofilm genes among our Pseudomonas aeruginosa was done through PCR
using a thermal cycler. The PCR is based on the amplification of biofilm genes with specific
primers. These genes included pslA and PA-SS. The results showed that isolates of Pseudomonas
aeruginosa possess these genes in different proportions, as shown in Table 3. A polymerase
chain reaction was carried out for all Pseudomonas aeruginosa using specialized primers for the
purpose of detecting these genes. The results showed that 19 isolates at a rate of 100% possess a
pslA gene. It was found that the gene has a molecular weight of 119 bp, as shown in Figure 3.
Results showed that 19 isolates (100%) have the PA-SS gene. It was found that the molecular
weight of this gene was 956 bp, as shown in Figure 4.

M 1 2 4 6 8 10 11 16 18 20 21 22 24 25 29 30 33 34 36

1500 bp
1000 bp

500 bp

100 bp 119 bp

PSIA 55 C

Figure 3. Amplification (pslA) in Pseudomonas aeruginosa on 1.5% agarose gel , a voltage 100 volts for 45
minutes with Eth.Br. M:100bp ladder. Lanes 1-36 isolate have pslA gene (119bp).
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Figure 4. amplification (Pa-ss) in Pseudomonas aeruginosa on 1.5% agarose gel , a voltage 100 volts for 45
minutes with Eth.Br. M:100bp ladder. Lanes 1-36 isolate have Pa-ss gene (956bp).
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Table 3. Percentage of Biofilm genes possessed by Pseudomonas aeruginosa

Sources genes The number of isolates that Percentage of presence of the genes
possess the genes (%)
Various clinical samples pslA 19 100%
Pa-ss 19 100%

Our research found that all 19 isolates had the pslA gene (100%). Previously, very similar results
were obtained by [37, 39], showing that there is 100% of the pslA gene in Pseudomonas
aeruginosa. [40] indicated that 90% of (35/39) isolates of Pseudomonas aeruginosa possess the
pslA gene. and [41] found that the bacterial isolates possessed pslA by 92.1%. And [42] in Korea
indicated that bacterial isolates isolated from different clinical samples possessed the pslA gene
by 93.4%. And in Egypt, it was found that [38] the presence of the pslA gene was 89.4% of
Pseudomonas aeruginosa.

The presence of the pslA gene has been shown to be a good marker for biofilm formation in
Pseudomonas aeruginosa isolates, as reported in previous results. among the 48 isolates of
Pseudomonas aeruginosa, primers for PASS-F and PASS-R confirmed that 40 species of
Pseudomonas aeruginosa biofilm component by 83.34%, while the current study found (19/19)
isolates have biofilm component Pa-ss gene in 100%. Biofilm formation by Pseudomonas
aeruginosa is an important virulence factor as it provides self-protection from the host's
phagocytic cell and prevents antibiotic access to it, as well as the persistence of infection and its
role in causing Nosocomial infection [43].

4. Conclusions

All isolates of Pseudomonas aeruginosa showed high resistance to Penicillin, Cefuroxime
Sodium, Amoxicillin/clavulanic acid, Erythromycin, and Oxyacillin. The lowest resistance was
to Amikacin. The current study showed that all isolates of Pseudomonas aeruginosa are capable
of biofilm formation. All isolates contained the biofilm genes pslA and PA-SS. at a rate of 100%.
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