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Pseudomonas aeruginosa (P. aeruginosa) is an opportunistic pathogenic bacteria that 
stain gram-negative and have a significant role in infections associated with healthcare. 
They are responsible for a range of significant infections, like skin, urinary tract, soft 
tissue, respiratory tract, bone, joint, systemic, and bloodstream infections. Antibiotic 
resistance of P. aeruginosa represents an important challenge, resulting from adaptive, 
acquired, and intrinsic mechanisms. This study targeted the investigation of presence of 
virulence determinants in P. aeruginosa phenotypically and genotypically, 95 samples 
delivered from patients at Alsalam Hospital, Ibn Sina Hospital in Mosul City, five isolates 
were P. aeruginosa, identification of bacteria and susceptibility to antibiotics were 
performed using Vitek compact system, molecular diagnosis was performed using 16s 
rRNA sequencing, and finally the biofilm formation ability of isolates was investigated 
by tube method. The NCBI site reported the two most antibiotic-resistant isolates, then 
compared them with the standard and global isolates, and later, the evolutionary 
relationship was determined through a phylogenetic tree. P. aeruginosa was isolated from 
five samples, where each isolate was able to form biofilm and showed resistance to a 
variety of antibiotics. Two isolates were reported by NCBI with the names AHRA931 
and AHRA932 as newly discovered isolates. 
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1. INTRODUCTION

Pseudomonas aeruginosa (P. aeruginosa) is an
opportunistic pathogenic bacteria that stain gram-negative and 
have a significant role in infections associated with healthcare. 
They are responsible for a range of significant infections, like 
skin, urinary tract, soft tissue, respiratory tract, bone, joint, 
systemic, and bloodstream infections, especially in patients 
with weakened immunity (burns, cancer, AIDS), or cystic 
fibrosis (CF) [1-3]. High levels of morbidity and mortality are 
caused by bacteremia and pneumonia, especially in 
hospitalized patients. CF patients are suffering from chronic 
infections of the lungs that are caused by the capability of P. 
aeruginosa to construct mucoid biofilms, which cover the 
bacteria from drugs and immunity, leading to prolonged 
complications [4, 5].  

P. aeruginosa succeeds in different environments, such as
sinks and hospitals, and ventilators, in addition to natural 
habitats such as water and soil [6, 7]. The huge genome of 

these bacteria facilitates their adaptability of these bacteria, 
enabling survival across niches and encoding metabolic 
pathways [8, 9].  

Antibiotic resistance of P. aeruginosa represents an 
important challenge, resulting from adaptive, acquired, and 
intrinsic mechanisms. The reduced permeability of the outer 
membrane and efflux pumps is responsible for the intrinsic 
resistance of this bacterium [10, 11]. Horizontal gene transfer 
is responsible for the acquired resistance, where resistance 
genes of plasmids, integrons, or transposons are transferred to 
this bacterium [12]. Adaptive resistance, usually resulting 
from biofilm formation, arises during treatment, as biofilms 
reduce the penetration of antibiotics and accommodate 
persistent cells. The recurrence of infections and chronicity of 
P. aeruginosa are contributed to by these factors [13].

The pathogenicity is controlled by a variety of virulence
factors that assist colonization, escape from the immune 
system, and damage to tissues [14]. Secreted materials like 
toxins, enzymes, and pigments have crucial roles in the 
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destruction of tissues and suppression of immunity [15]. The 
type III secretion system (T3SS) injects effector proteins like 
exoenzyme T (exoT), exoenzyme S (exoS), exoenzyme Y 
(exoY), and exoenzyme U (exoU) into host cells, disrupting 
processes of the cells and promoting bacterial invasion [16].  

Pyoverdine and pyocyanin are pigments that further 
enhance virulence. Pyocyanin generates reactive oxygen 
species, resulting in oxidative damage to tissue, especially in 
lungs with CF. Pyoverdine, a siderophore, allows iron 
acquisition that is necessary for growth and infection [17]. 
Antimicrobial resistance and virulence together represent an 
enormous challenge, especially in multidrug-resistant (MDR) 
strains[18]. 

The combination of genotype with phenotype in P. 
aeruginosa is useful in understanding the pathogenic 
mechanisms of this bacterium, such as the formation of 
biofilm and the production of toxins. This approach explains 
the virulence and resistance at the molecular level, providing 
insight into clinical results and leading to the development of 
novel therapeutics [19, 20]. Anti-virulence strategies against 
specific toxins or biofilms give hope in relieving infections 
without the development of resistance [21].  

This study targeted the investigation of the presence of 
virulence determinants in P. aeruginosa phenotypically and 
genotypically, and their relationship with resistance to 
antibiotics in both MDR and non-MDR species by linking 
phenotypic traits, like the formation of biofilm, with 
phylogenetic analysis. This work gives novel insights into the 
relation between virulence and resistance, thereby providing a 
comprehensive analysis to inform therapeutic plans.  

 
 

2. MATERIALS AND METHODS 
 

The current study included 95 urine samples taken from 
incoming and inpatient patients at Al Salam Hospital and Ibn 
Sina Hospital, who were suffering from chronic and recurrent 
urinary tract diseases, including women, men, and children, 
aged between 9 and 70 years, over a period of five months. 

Urine samples were collected using sterile plastic containers 
with tight lids. Approximately 10 ml of Medstrem was 
collected from each patient, following the patient's instructions 
on how to give the sample. Each sample was divided into two 
parts: the first was subjected to microscopic examination, and 
the second was placed in sterile tubes for culture on culture 
media, including blood agar, chocolate agar, and MacConkey 
agar. Subculture was performed in the media, which showed a 
positive cultural result. 

Microscopic examination: Microscopic examination was 
performed using Gram stain to confirm the type of isolates. 
Staining was performed using Gram stain according to the 
manufacturer's instructions. 

Biochemical  test: Biochemical tests, including oxidase,  
catalase, and  coagulase, were performed to confirm the 
identification of bacteria. 

Vitek system:  Bacteria were prepared for examination and 
diagnosis using the Vitek technique. A 0.5% bacterial 
suspension was prepared, and an identification card ID was 
used for this purpose. ID cards were placed in the device. After 
the examination period had elapsed, an accurate diagnosis was 
obtained for each bacterium. 

Measuring bacterial resistance to antibiotics: The Vitek 
technique was used to diagnose bacterial Resistance to 
antibiotics using the AST card. 

2.1 AST evaluation by the Vitek system 
 
The Vitek Antimicrobial Susceptibility Testing (AST) Card 

system is based on the principle of measuring bacterial growth 
in the presence of different concentrations of antibiotics. It 
follows the guidelines of the Clinical and Laboratory 
Standards Institute (CLSI). The AST card is loaded with a 
sample of suspended bacteria and contains small wells with 
different concentrations of antibiotics. The system monitors 
bacterial growth using optical density or color change 
resulting from bacterial metabolic activity. The presence of 
each antibiotic is compared to reference readings to determine 
minimum inhibitory concentration (MIC) and classify bacteria 
as susceptible, intermediate, or resistant according to the 
reference standard [22]. P. aeruginosa isolates, resistant to 
more than three antibiotic classes, were classified as 
multidrug-resistant (MDR). P. aeruginosa isolates were tested 
against the following antibiotics: imipenem (IMI), amikacin 
(AK), tobramycin (TOB), ceftazidime (CAZ), ciprofloxacin 
(CIP), aztreonam (ATM), gentamicin (GEN), meropenem 
(MEM), levofloxacin (LEV), and norfloxacin (NOR).  
 
2.2 Investigation of the ability of the bacterial strain to 
form biofilm  

 
Tube Method: Pseudomonas aeruginosa was cultured in 

nutrient broth for 48 hours at 37℃. After incubation, the broth 
was carefully discarded, and the tubes were gently rinsed with 
buffered saline solution (BSS) to remove any non-adherent 
bacterial cells. The tubes were then inverted and left to air dry. 
Subsequently, each tube was filled with methylene blue stain 
and incubated for 20 minutes. The stain was then discarded, 
and the tubes were gently rinsed again with BSS to remove 
excess dye. Finally, the tubes were placed upside down and 
allowed to dry completely [23]. 
 
2.3 PCR amplification 16S rRNA genes 

 
DNA was extracted using a kit provided by Geneaid. The 

extraction and purification steps were carried out according to 
the protocol. 

24-hour-old cultures of Pseudomonas aeruginosa were 
used and grown in an N.A. medium. The cells were transferred 
to a 1.5 cm3 Eppendorf tube, and the bacterial cells were 
sedimented by centrifugation at 15,000 rpm for 5 minutes. The 
filtrate was discarded. 

The precipitate was suspended by adding 200 µL of Gram 
Buffer and 200 µL of Lysozyme, mixing using a Vortex for 10 
seconds, and incubating at 37℃ for 30 minutes. 

20 µL of Protenase K was added, mixing using a Vortex for 
10 seconds, and incubating at 60℃ for 10 minutes. 

200 µL of GN Buffer was added and mixed using a Vortex. 
Vortex for 10 seconds and place in a water bath at 70℃ for 10 
minutes. Add 200 µL of absolute ethanol after the incubation 
period is complete. Mix using a Vortex for 10 seconds. Place 
the GD Column tube inside a 2 cm3 collection tube. Transfer 
the contents to a GD Column tube and place it in the 
centrifuge. Then, replace the collection tube with another one. 
Add 400 µL of Washing Buffer and centrifuge at 15,000 rpm 
for 1 minute. Discard the liquid in the collection tube and 
return the tubes to the centrifuge at 15,000 rpm for 3 minutes. 
Add 60 µL of Elution Buffer preheated to 60℃ and incubate 
at room temperature for 3 minutes. At 15,000 rpm for half a 
minute, and store at -20℃ until ready to use [24]. 
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The concentration and purity of DNA were measured using 
the BioDrop nanodrop device from the British company. The 
device was zeroed using TE solution, and 1 microliter of 
extracted DNA was added to the device to estimate the 
concentration in nanograms/microliter. The test was 
conducted at the Northern Technical University Research 
Center [25]. 

Polymerase chain reaction (PCR) was performed in a final 
reaction volume of 20 μL using GoTaq G2 Green Master Mix 
(Promega, USA). To amplify the full-length 16S rRNA gene, 
the universal primers 27F (5′-
AGAGTTTGATCMTGGCTCAG-3′) and 1522R (5′-
AAGGAGGTGATCCARCCGCA-3′) were used. Each primer 
was added at a final concentration of 1 μM, and 100 ng of 
template DNA was included in the reaction, following the 
manufacturer’s protocol. The PCR thermal cycling conditions 
were as follows: initial denaturation at 95℃ for 3 minutes, 
followed by 30 cycles of denaturation at 95℃ for 30 seconds, 
annealing at 55℃ for 30 seconds, and extension at 72℃ for 1 
minute. A final extension step was performed at 72℃ for 5 
minutes. The resulting PCR products were separated by 
electrophoresis on 2% agarose gels [26, 27], and the obtained 
sequences were used to identify homology between the input 
sequences and the reference sequences available in the NCBI 
GenBank database. Additionally, the phylogenetic tree was 
generated using the MEGA-11K software through 100X 
bootstrap analysis [28, 29]. 

 
 

3. RESULTS 
 

The study result showed that about 65% isolates of the total 
number  of isolates were gram-negative bacteria, including 
Pseudomonas spp., while  gram-positive bacteria represented 
20% isolates of the total number of isolates, and 10% no 
growth (Figure 1). 
 

 
 

Figure 1. P.aeruginosa on BA 
 

Five isolates of Pseudomonas spp. show growth on Blood 
agar with black colonies, then subcultured on MacConkey agar 
and nutrient agar, giving orange and greenish color and pale, 
non-lactose fermenter colonies on nutrient and MacConkey 
agar, respectively (Figures 2-4). 

 
 

Figure 2. Culture result rate 
 

 
 

Figure 3. P. aeruginosa on MacConky 
 

 
 

Figure 4. P. aeruginosa on N.A 
 

Microscopic examination showed Gram-negative bacilli 
(Figure 5), the manual biochemical tests exhibited oxidase-
positive aerobic bacteria, and the diagnosis was confirmed by 
using the Vitek 2 system. The findings of our study are 
consistent with previous research  conducted by other 
investigators. The high rate of bacterial growth on various agar 
media agreed with the results of research [30], which 
demonstrated that these media are effective for isolating and 
identifying Gram-negative bacteria from UTI infection, 
particularly those associated with nosocomial infections. 
Similarly, the observation that about 20% of the samples 
exhibited growth only on blood and chocolate agar agrees with 
the results of the study [31], which noted that certain bacterial 
species may not grow on MacConkey agar due to its selective 

gram 
negative 
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psudomonase
5%

gram 
positive

20%

no growth
10%

gram negative psudomonase

gram positive no growth
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properties. 
Utilizing microscopic examination and manual biochemical 

tests to confirm the diagnosis is a well-established approach 
that has been supported by various studies [32]. The results of 
the microscopic examination showed that the bacteria were 
Gram-negative bacilli, as shown in Figure 5. The biochemical 
examinations showed that the bacteria were positive for the 
oxidase test, which indicates that they contain the cytochrome 
oxidase enzyme, and positive for the catalase test, as they 
produce hydrogen peroxide, and negative for the coagulase 
test, which confirms that they are Gram-negative bacteria . 
 

 
 

Figure 5. Microscopic gram-negative Pseudomonas 100x 
 
However, the application of automated identification 

systems such as the Vitek 2 compact system represents a more 
modern and efficient method for bacterial identification, 
offering rapid and accurate results. 

Our study agreed with the study [33], which isolated various 
bacteria, including P. aeruginosa, from urine samples of 
adults. 

3.1 Results of the Vitek 2 compact system  
 
The Vitek 2 compact system was used for the Identification 

of P. aeruginosa. The probability was 95% - 98% for five 
isolates identified as P. aeruginosa. Figure 6 shows the 
isolates obtained from cultures and identified by the Vitek 2 
system in detail. 
 

 
 

Figure 6. Identified by Vitek 2 

 
Table 1. Antibiotic resistance of isolates 

 
 LEV NOR CIP TOB AK GM IMI ATM MEM CAZ 

1 R I R R R R I R I R 
2 R I R S I R R S I R 
3 I I S S I S R I R R 
4 I R S I R S I I R I 
5 S R S I S S I I I S 

 
3.2 AST evaluation by the Vitek system 

 
The results in Table 1 of measuring antibiotic resistance 

using AST card Vitek system showed that the Pseudomonas 
isolates were 3 of 5 resistant to CAZ, 2 of 5 resistant to MEM, 
1 of 5 resistant to ATM, 2 of 5 resistant to IMI, 2 of 5 resistant 
to GM, 2 of 5  resistant to AK, 1 from 5  resistant to TOB, 2 
from 5 resistant to CIP, 2 of 5 resistant to NOR, and 2 of 5 
resistant to LEV. This result is consistent with studies [34, 35], 
which conducted research on Pseudomonas aeruginosa and 
investigated its resistance to antibiotics extensively. P. 
Aeruginosa isolates, resistant to more than three antibiotic 
classes, were classified as multidrug-resistant (MDR). 

P. Aeruginosa isolates were tested against the following 
antibiotic disks: imipenem (IMI), amikacin (AK), aztreonam 
(ATM), ceftazidime (CAZ), ciprofloxacin (CIP), tobramycin 
(TOB), gentamicin (GEN), meropenem (MEM), levofloxacin 
(LEV), and norfloxacin (NOR) (Table 2). 

All five isolates (100%) were resistant to ceftazidime 
(CAZ), a third-generation cephalosporin commonly used to 
treat P. aeruginosa infections. This complete resistance 

suggests the presence of β-lactamase enzymes or active efflux 
mechanisms, which are well-documented contributors to β-
lactam resistance. Resistance to carbapenems was also 
notable, with 2 out of 5 isolates (40%) resistant to both 
meropenem (MEM) and imipenem (IMI). Carbapenem 
resistance in P. aeruginosa is often linked to the production of 
metallo-β-lactamases (MBLs) such as VIM and IMI, or 
mutations leading to porin loss. These findings are consistent 
with research [36], which reported widespread carbapenem 
resistance in clinical isolates from the Middle East, 
emphasizing the role of mobile genetic elements in spreading 
resistance. Aztreonam (ATM) resistance was observed in 1 
isolate (20%), indicating relatively preserved activity. 
However, resistance to monobactams like ATM can still 
emerge via β-lactamase production, particularly in MDR 
strains. Aminoglycoside resistance was variable: gentamicin 
(GEN) and tobramycin (TOB) showed resistance in 2 isolates 
each (40%), while amikacin (AK) had the highest resistance 
rate at 4 out of 5 isolates (80%). This pattern aligns with 
research [37], which found high levels of aminoglycoside 
resistance in Egyptian P. aeruginosa isolates.  
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Table 2. Antibiotic class use for detecting resistance of 
bacteria 

 
Abbreviation Full Name Antibiotic Class 

CAZ Ceftazidime 
β-lactam 

Cephalosporin [3rd 
generation] 

MEM Merpenem β-lactam -
Carbapenem 

ATM Azteronam β-lactam- 
Monobactam 

IMI Impenem β-lactam- 
Carbapenem 

GM Gentamicin Aminoglycoside 
AK Amikacin Aminoglycoside 

TOB Tobramycin Aminoglycoside 
CIP Ciprofloxacin Fluoroquinolone 

NOR Norfloxacin Fluoroquinolone 
LEV Levofloxacin Fluoroquinolone 

 
Fluoroquinolone resistance was also present, with 2 isolates 

resistant to ciprofloxacin (CIP) and levofloxacin (LEV), and 1 
isolate resistant to norfloxacin (NOR). These rates reflect the 
global trend of increasing fluoroquinolone resistance, 
enhanced by efflux pump activity. Gasink et al. [38] 
highlighted similar mechanisms in their study, noting the 
clinical impact of fluoroquinolone resistance on treatment 
outcomes. According to international standards, P. aeruginosa 
isolates resistant to three or more antibiotic classes are 
classified as multidrug-resistant (MDR). Several isolates in 
this study meet that criterion, underscoring the urgent need for 
antimicrobial stewardship and infection control measures. 
 
3.3 Result of biofilm 
 

The assessment of biofilm formation by the bacterial 
isolates gives positive results, shown in Figure 7. Tube B 
demonstrated a positive result, as evidenced by the presence 
of a methylene blue-stained film, indicating the capacity of the 
bacteria to adhere to and establish biofilms on abiotic surfaces. 
This finding highlights the inherent ability of these isolates to 
form protective biofilm structures, which are critical for their 
persistence and resistance in non-living environments. The 
results of the tube method assay for detecting the ability of 
Pseudomonas isolates to form biofilms revealed that all 
isolates were positive. This indicates that the isolates possess 
a strong capability to produce extracellular polymeric 
substances (EPS), which are the main structural components 
of the biofilm matrix. This property represents one of the most 
important virulence factors of Pseudomonas, as it enables the 
bacteria to adhere to both biotic and abiotic surfaces and to 
establish highly organized and protected cellular communities. 
Bacteria within the biofilm exhibit a significantly higher 
resistance to antibiotics compared to planktonic cells. This 
enhanced resistance is attributed to several mechanisms, 
including the physical barrier formed by the EPS matrix that 
limits antibiotic penetration, the reduced metabolic activity of 
the embedded cells, which decreases the effectiveness of drugs 
targeting actively dividing cells, and the presence of dormant 
“persister” cells that survive antimicrobial treatments. 
Moreover, biofilm formation provides Pseudomonas with 
protection against various environmental stresses and host 
immune defenses. The biofilm shields the bacteria from 
desiccation, pH fluctuations, and oxidative stress, while also 
impairing the efficiency of phagocytosis and other immune 
responses. Consequently, infections caused by Pseudomonas 

are often chronic and difficult to eradicate, particularly in 
urinary tract infections, respiratory infections, and nosocomial 
infections associated with medical devices such as catheters 
and ventilator tubes. Therefore, the positive biofilm formation 
observed in all Pseudomonas isolates strongly indicates their 
high virulence and antimicrobial resistance potential [20]. 
Several studies have reported a strong correlation between 
biofilm production and increased antibiotic resistance in P. 
aeruginosa isolates. For instance, Shrestha et al. [39] 
demonstrated that biofilm-forming isolates showed 
significantly higher resistance to multiple antibiotics 
compared to non-biofilm producers. Similarly, Tuon et al. [40] 
highlighted the role of biofilm in the persistence and 
pathogenicity of P. aeruginosa, particularly in nosocomial 
infections. The detection of biofilm production in this study 
supports these findings and suggests a potential mechanism 
contributing to the observed resistance patterns. The positive 
result for biofilm formation in Pseudomonas aeruginosa using 
the tube method indicates a significant health concern. Biofilm 
formation allows the bacteria to adhere to surfaces and 
produce extracellular polymeric substances (EPS), creating a 
protective matrix that enhances bacterial survival. This 
phenotype is clinically important because biofilm-producing 
bacteria are substantially more resistant to antibiotics and host 
immune responses compared to their planktonic (free-floating) 
counterparts. From a public health perspective, biofilm-
forming P. aeruginosa is associated with chronic and 
persistent infections, especially in hospital settings. These 
include ventilator-associated pneumonia, catheter-related 
bloodstream infections, chronic wound infections, and 
complications in cystic fibrosis patients. The biofilm structure 
limits antibiotic penetration, facilitates horizontal gene 
transfer of resistance traits, and enables bacteria to enter a 
dormant state, making them harder to eradicate. Several 
studies have highlighted the danger of biofilm-associated 
infections. According to Harms et al. [41], biofilms contribute 
to up to 80% of chronic infections and are a major factor in 
treatment failure. Pang et al. [42] emphasized that P. 
aeruginosa biofilms are linked to increased morbidity and 
longer hospital stays due to their resilience and adaptability. 
The ability of P. aeruginosa to form biofilms significantly 
increases its pathogenic potential and complicates clinical 
management, underscoring the need for early detection, 
targeted therapies, and strict infection control measures [43].  
 

 
 

Figure 7. The result of the biofilm formation assay, where 
tube B represents the positive result, showing visible biofilm 

formation, while tube A serves as the control 
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3.4 Result of PCR amplification of 16S rRNA genes 
 
The result of amplification of the 16S rRNA gene from the 

genomic DNA isolated showed in Figure 8 of five P. 
aeruginosa isolates were identified as antibiotic-resistant 
Pseudomonas isolates. 16S rRNA gene analysis plays a crucial 
role in confirming bacterial identity and assessing the 
evolutionary relationships among isolates. This molecular 
approach enables researchers to determine whether resistant 
strains are genetically related—indicating possible clonal 
spread—or whether resistance has emerged independently in 
genetically distinct strains. Understanding these relationships 
is essential for monitoring the dissemination of resistance, 
identifying potential sources of infection, and guiding public 
health and infection control strategies. 

These relationships are based on 16S rRNA sequences, 
analyzed using MEGA-11 software with a scale bar of 0.005. 

The bootstrap test results (100 replicates) indicate the 
percentage of replicate trees where the associated strains are 
grouped, displayed next to the corresponding branches [44]. 

Our selection of these two isolates was due to their highest 
antibiotic resistance when an antibiotic sensitivity test was 
performed by using the Vitek AST card. 
 

 
 

Figure 8. PCR-amplified product 16S rRNA, the result of 
electrophoresis of the amplification products in a 1% agarose 
gel at 65 volts for an hour and a half, using the DNA ladder 
size indicator starting from 100 base pairs. The remaining 

lanes are the gene products of the isolates that showed a size 
of 1495 bp 

 
3.5 Phylogenetic tree 
 

We compared the gene sequences of our isolates (1) 
AHRA931, (2) AHRA932, we compared with the sequences 
of the global isolates and the standard isolates P. aeruginosa 
strain ATCC 700888 [AKZF029605] in order to find the 
extent of similarity of these isolates in the gene sequences 
shown in Table 3. Through this, we can determine the extent 
of the bacterial epidemic. Our isolates, which were reported by 
the NCBI with the names AHRA931 and AHRA932, “isolates 
with multiple resistance to antibiotic treatment,” showed 
multiple resistance to antibiotics MDR. The phylogenetic tree 
diagram shows the extent of the relationship between the 
isolates (Figure 9). AHRA931 [PQ700195.1] and AHRA932 
[PQ700196.1] with a very high genetic similarity of 
approximately 99–100% between them. A comparison with 
other Pseudomonas aeruginosa strains in the GenBank 
database yielded similarities that ranged from 96.2% to 
97.85% for the following reference strains: 24Pae112 (96.2%), 
F002 (96.48%), ATCC 700888 (96.8%), TJ1 (97.2%), PK-
B09 (97.34%), P2 (97.66%), and ShPa241 (97.85%). These 
results are in confirmation that both AHRA931 and AHRA932 

are of the same bacterial species, Pseudomonas aeruginosa, 
with minor genetic variations compared to other reference 
isolates; this suggests that they represent different local 
variants within the same species (Table 3). 
 

 
 

Figure 9. The Neighbor-Joining phylogenetic trees illustrate 
the relationships between Pseudomonas aeruginosa strains 
AHRA931 [PQ700195.1] and AHRA932 [PQ700196.1], 

represented by black circles, alongside other related 
Pseudomonas aeruginosa strains 

 
Table 3. Most of the strains related to the numbers of 

accession that show homology with Pseudomonas 
aeruginosa strain AHRA931 [PQ700195.1] and 

Pseudomonas aeruginosa strain AHRA932 [PQ700196.1] 
retrieved from the NCBI database 

 
Strain Name Accession No. Similarity (%) 

MDN03 KY072850.1 99.6 
NWRC-1223 CP101911.1 99.37 

Dg-N13 OP393879.1 99.2 
R8-590 JQ659969.1 98.7 

AR04040 CP029148.1 98.32 
ShPa241 QR534222.1 97.85 

P2 MG966347.1 97.66 
PK-B09 KC261940.1 97.34 

TJ1 FJ172297.1 97.2 
ATCC 700888 AKZF029605.1 96.8 

F002 CP115481.1 96.48 
24Pae112 CP029605.1 96.2 

 
The slight differences in similarity suggest potential 

genomic divergence, which could be related to developing 
mechanisms of antibiotic resistance. The selection of 
AHRA931 and AHRA932 was based on their remarkable 
resistance profiles, making them important candidates for 
further investigation. 

These findings highlight the need for deep genomic and 
phenotypic characterization of these isolates for a better 
understanding of their resistance mechanisms. Such studies 
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could contribute to the global understanding of Resistance to 
antibiotics in P. aeruginosa and aid in the development of 
more effective treatment strategies, particularly in regions 
where resistant strains are emerging. 

High levels of antibiotic resistance shown by AHRA931 
and AHRA932 were the primary reason for their selection. 
The phylogenetic analysis based on 16S rRNA gene 
sequencing provided valuable insights into the genetic 
relationships among the antibiotic-resistant Pseudomonas 
isolates. Despite phenotypic similarities in antibiotic 
resistance profiles, the sequence-based analysis revealed 
varying degrees of genetic diversity among the isolates. This 
indicates that resistance may not be solely due to clonal 
expansion of a single strain, but could also result from 
independent acquisition of resistance genes by genetically 
distinct strains [45, 46]. 

The clustering of some isolates within the same 
phylogenetic branch suggests a close evolutionary 
relationship, possibly pointing to a common origin or 
transmission route. In contrast, other isolates positioned in 
separate branches reflect genetic heterogeneity, emphasizing 
the adaptive capability of Pseudomonas species in different 
environments and under selective pressure from antibiotics 
[47]. These findings highlight the importance of molecular 
tools like 16S rRNA sequencing in complementing phenotypic 
methods, especially for epidemiological surveillance and 
tracking the emergence and spread of resistance. 
 
 
4. DISCUSSION  
 

The current study was conducted on 95 clinical urine 
samples obtained from patients with symptoms associated 
with urinary tract infection. The results showed that 85 
samples (89.5%) were positive for bacterial growth, indicating 
a high infection rate in the sample studied. This percentage is 
a strong indicator of a real health problem with regard to 
urinary tract infections, especially when compared to previous 
studies that reported lower positive rates. For example, Said et 
al. [48] indicated that the positivity rate in urine cultures in a 
teaching hospital was about 65%, while another study by 
Abbas et al. [49] in Egypt showed a rate of about 70%, 
reflecting the diversity of infection rates depending on the 
clinical environment, the nature of the patients, and the 
isolation methods used.Among the isolates obtained, five were 
identified as belonging to the genus Pseudomonas using a 
series of morphological and biochemical tests. The isolates 
were cultured on selective and diagnostic media such as 
MacConkey agar, nutrient agar, and blood agar, where the 
isolates showed characteristics consistent with Pseudomonas 
aeruginosa, such as growth on MacConkey without lactose 
fermentation, production of green pigment on nutrient media, 
and Gram-negative rod shape, which supports the preliminary 
identification of the isolates. All isolates also gave positive 
results for the oxidase test, which reinforces their diagnosis as 
P. aeruginosa. The diagnosis was confirmed using the VITEK 
2 device, which showed complete agreement with the results 
of conventional tests. The use of this device is an important 
step for diagnostic accuracy, as it relies on an extensive 
database of biochemical tests and metabolic patterns. Results 
with regard to antibiotic susceptibility testing, the five isolates 
showed notable resistance to several classes of antibiotics, 
including third-generation cephalosporins, carbapenems, and 
fluoroquinolones. Resistance to more than three classes of 

antibiotics indicates that the isolates are classified as 
multidrug-resistant (MDR) bacteria, which increases the risk 
of clinical management. These findings are consistent with 
those reported by Rahimzadeh et al. [50] in Iran, which 
documented high resistance rates in P. aeruginosa isolates 
from urinary tract patients, with carbapenem resistance 
exceeding 60%.In the same context, Nader et al. [51] from Iraq 
indicated that most clinical Pseudomonas isolates showed 
high resistance to aminoglycosides and carbapenems, in 
addition to a close association between resistance and biofilm 
formation. This is what we observed in our study, as the five 
isolates showed a clear tendency to form biofilms when tested 
using the tube method, forming a dense layer of biofilm on the 
tube walls, with varying degrees of intensity from moderate to 
strong.Biofilm formation is an important virulence trait of P. 
aeruginosa, as it gives it the ability to adhere to surfaces, resist 
antibiotics, and evade the immune system. El-Sayed and 
Fahmy [52] indicated that more than 80% of P. aeruginosa 
isolates from patients with urinary tract infections showed 
strong biofilm formation, and all were resistant to more than 
one class of antibiotics, confirming the relationship between 
these two characteristics, as in our results. To support the 
results of conventional diagnosis, molecular analysis was used 
by amplifying and sequencing the 16S rRNA gene, which is 
considered the gold standard in bacterial diagnosis. The 
sequencing results showed a high degree of similarity with 
global isolates documented in the NCBI database, and 
phylogenetic tree analysis allowed the construction of 
phylogenetic relationships between local and international 
isolates. This analysis showed that the study isolates belong to 
the same evolutionary branches that include P. aeruginosa 
strains isolated from hospitals in India, Turkey, and Europe, 
indicating the spread of a common genetic pattern.These 
results are consistent with those reported in the study of Al-
Shimmary et al. [53], which used 16S rRNA sequencing to 
construct a phylogenetic tree of resistant Pseudomonas 
isolates. and found that there was significant genetic similarity 
between isolates from different countries, supporting the idea 
that some resistant strains have a common origin or have 
acquired similar characteristics due to selective pressure from 
antibiotics in similar clinical environments.Therefore, the 
results of this study highlight the importance of monitoring 
urinary Pseudomonas aeruginosa isolates, especially those 
that show multidrug resistance and biofilm formation, due to 
the therapeutic challenges they pose. At the same time, they 
emphasize the importance of integrating traditional and 
molecular tests to confirm the identity and identify the 
evolutionary relationships between isolates. One limitation of 
this study is that the comparatively small sample size 
constrains the generalizability of the results. However, the 
results do provide valuable preliminary evidence of attributes 
of the locally prevailing MDR P. aeruginosa strains and affirm 
the need for future large-scale investigations. 

 
 

5. CONCLUSION 
 

The systematic linking of phenotypic and biochemical 
bacterial diagnostic results with antibiotic resistance profiling 
represents a crucial step in understanding the clinical and 
epidemiological characteristics of bacterial isolates, 
particularly in the context of urinary tract infections caused by 
Pseudomonas aeruginosa. This integration not only provides 
a comprehensive picture of the isolated bacteria, but also helps 
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to explain their biological behavior within the host and the 
effectiveness of available treatment options.Resistant bacterial 
isolates typically exhibit advanced virulence characteristics, 
most notably the ability to form biofilms, which represent one 
of the most prominent strategies of bacteria to resist external 
factors, whether antibiotics or immune responses. 
Morphological investigation of biofilms using tube tests or 
microplates contributes to a direct link between the phenotypic 
characteristics of bacteria and their resistance pattern. The 
results of this study indicate a close correlation between 
multidrug-resistant isolates and their ability to form biofilms, 
supporting previous literature that biofilm production is 
associated with increased resistance mechanisms such as 
reduced cell wall permeability, increased efflux pump activity, 
and the presence of persistent cells. These findings reinforce 
the hypothesis that the integration of these traits—drug 
resistance and membrane formation—is not random behavior, 
but rather an adaptive evolution driven by selection pressure 
in the clinical environment. Hence, the importance of adding 
16S rRNA molecular analysis to this study, which provided an 
additional level of understanding by comparing locally 
isolated strains with global standard isolates. Phylogenetic 
analysis showed that locally isolated strains share close 
evolutionary relationships with globally known isolates from 
hospitals in Asia, Europe, and North America, indicating the 
presence of widespread strains with evolutionarily conserved 
characteristics in terms of resistance and virulence. This 
genetic similarity between local and global isolates supports 
the hypothesis of resistance strain transmission through 
multiple channels, such as medical travel, spread within 
healthcare facilities, or through the exchange of resistance 
genes via plasmids and transferable sequences. It also 
highlights the epidemiological importance of monitoring local 
isolates within a global context, especially when these isolates 
exhibit complex resistance patterns and active membrane 
formation. Therefore, linking the results of transplantation and 
traditional laboratory diagnosis with the results of antibiotic 
resistance, through the evaluation of phenotypic behavior 
(such as biofilm production), and ending with molecular 
evolutionary analysis, represents a highly valuable integrated 
approach to the evaluation of bacterial isolates from a clinical 
and epidemiological perspective. This integration not only 
contributes to improved diagnostic accuracy but also paves the 
way for the design of evidence-based treatment protocols and 
surveillance strategies that seek to limit the spread of 
multidrug-resistant and virulent P. aeruginosa strains within 
healthcare facilities. 
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