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Abstract

Introduction: P. mirabilis is becoming an opportunistic pathogen of significant importance among those causing UTls. Increased
incidence of P. mirabilis strains resistant to multiple antibiotics and exhibiting virulence factors has been reported. Resistance to
beta-lactam antibiotics due to the development of beta-lactamase enzymes has created numerous difficulties for UTI treatment.
The current research aimed to investigate the antimicrobial sensitivity, phenotypic production of ESBLs, biofilm-forming capacity,
hemolytic capability, and molecular identification of resistance- and virulence-associated genes in P. mirabilis strains isolated from
UTI cases in Al-Diwaniyah, Iraq.

Methods: Urine samples from UTI patients were collected and cultured to isolate the test bacteria. The bacteria were detected using
traditional microbiological and biochemical analysis and the VITEK 2 system. Susceptibility tests to different antimicrobials were
performed utilizing the Kirby-Bauer disc diffusion technique. The double-disc synergy test accomplished phenotypic determination
of ESBL. Biofilm-forming capability and hemolytic activity were analyzed using the Congo Red Agar and Blood Agar media,
respectively. Gene detection was performed by PCR targeting the 16S rRNA, blaTEM, blaSHV, blaCTX-M-8, blaCTX-M-9, hpmA,
and [uxS genes.

Results: Multi-drug resistance was detected in P. mirabilis strains against ampicillin, erythromycin, clindamycin, clarithromycin,
penicillin G, cephalothin, and cefaclor. Many of the isolates produced ESBLs, formed biofilms, and exhibited hemolytic activity.
The PCR results showed the presence of the blaTEM (516 bp), blaSHV (1000 bp), blaCTX-M-8, blaCTX-M-9, hpmA, and luxS genes.
Conclusion: The simultaneous presence of multidrug resistance and virulence factors in clinical isolates of P. mirabilis underscores

the need for continuous monitoring and preventive measures to prevent the spread of resistance.
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Introduction

Urinary tract infections are among the most commonly
encountered bacterial infections affecting patients
of all ages worldwide. Additionally, these infections
are significant for public health because of their high
prevalence, tendency to recur, and increasing antibiotic
resistance (1). In general, Gram-negative bacteria are
the principal causative agents of UTIs, and the major
pathogens include members of the Enterobacteriaceae,
namely E. coli, K. pneumoniae, and P. mirabilis (2).
It is important to note that the latter is considered an
opportunistic pathogen in UTIs (3).

First of all, the bacterium P. mirabilis is considered
highly motile and a Gram-negative organism characterized
by such properties as swarming, urease production,
hemolysis, and biofilm formation, making it pathogenic
and persistent in the urinary system (4). Moreover, the
bacterium can infect not only epithelial tissues but also
urinary catheters, causing UTIs primarily in hospitalized
or immunocompromised patients (5). In addition, P.
mirabilis has many genes involved in biofilm formation,
quorum sensing, hemolysin production, tissue invasion,

and immune evasion (6).

In recent decades, antimicrobial resistance rates among
P. mirabilis isolates have increased in many countries
worldwide, posing a therapeutic challenge today (7).
One of the main mechanisms of resistance development
in Gram-negative bacteria involves P-lactamases, which
degrade P-lactam antibiotics, including penicillins,
cephalosporins, and monobactams (8). In particular, one
should pay attention to Extended Spectrum [B-Lactamases
(ESBLs), which confer resistance to third-generation
cephalosporins and aztreonam (9).

Finally, a range of P. mirabilis strains have already been
shown to carry a variety of genes involved in 3-lactamase
expression, such as blaTEM, blaSHV, and blaCTX-M
variants (10). For instance, TEM enzymes are very
common B-lactamase variants in Gram-negative bacteria,
conferring resistance to ampicillin and other B-lactams
(11). SHV enzymes confer resistance to broad-spectrum
cephalosporins and are spread horizontally via plasmids
(12). Nowadays, CTX-M-type ESBLs are widely used due
to their predominance in multidrug-resistant strains (13).

In addition to antimicrobial resistance, virulence-related
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genes such as hpmA and luxS are critical to P. mirabilis
virulence. Specifically, the former produces a hemolysin
that leads to tissue injury and bacterial invasion, while
the latter enables quorum sensing and biofilm formation,
thereby ensuring bacterial persistence (14). Therefore,
the presence of both resistance and virulence factors
may significantly increase bacterial survival rates and
pathogenicity, as well as the likelihood of treatment
failure (15).

Although many scientific studies have addressed
antimicrobial resistance among P. mirabilis strains
worldwide, data remain limited on the molecular
mechanisms underlying ESBL production, biofilm
formation, and virulence factors in P. mirabilis strains
isolated from UTI patients in Iraq. The present study
focuses on antibiotic susceptibility, ESBL production,
biofilm formation, and hemolysis, as well as the detection
of four selected B-lactamase genes and virulence factors in
P. mirabilis UTT isolates.

Materials and Methods

Study Framework and Sample Acquisition

This investigation will be conducted using a cross-
sectional approach in February and March 2025 to
evaluate the resistance patterns and virulence factors
of Proteus mirabilis among patients with UTIs. For this
purpose, approximately 200 urine samples were collected
from patients across various clinical departments of
Al-Diwaniyah Teaching Hospital and Al-Diwaniyah
Maternity and Children Hospital in Al-Diwaniyah
Province, Iraq. Urine specimens were aseptically carried
to the microbiology laboratory in properly sterilized tubes.

Isolation and Identification of Proteus mirabilis
Procedures used for the isolation and identification of
Proteus mirabilis from collected urine samples included
inoculating approximately 50 pL of each sample onto
MacConkeyagar plates and subsequent aerobic incubation
at 37°C for 24 hours. The identification of isolates was
performed using morphological characteristics, including
swarming, non-lactose fermentation, and light-colored
colonies. The bacteriological tests included the standard
Gram stain and biochemical characterization, which
included urease, catalase, oxidase, indole, citrate, gelatin
hydrolysis, H2S, MR, and motility tests (16). Isolates will
be characterized through the VITEK 2 Compact System
(bioMérieux, France).

Antimicrobial Susceptibility Testing

To determine antimicrobial susceptibility profiles, the
disk diffusion test was performed in accordance with
the Clinical and Laboratory Standards Institute (CLSI)
guidelines (17). Using the Kirby-Bauer disk diffusion
method, antimicrobial susceptibility patterns of isolated
strains to 26 antimicrobial drugs across various categories
were determined (Table 1). Zones of inhibition were
measured after 18-24 hours of incubation at 37°C, in
accordance with CLSI guidelines.

Table 1. Antibiotics used for antimicrobial susceptibility testing

Antibiotic Symbol Concentration (pg/disc)
Ampicillin AMP 10
Carbenicillin CB 100
Neomycin N 30
Gentamicin GEN 10
Erythromycin E 15
Imipenem IPM 10
Clindamycin CD 2
Clarithromycin CLR 15
Norfloxacin NX 10
Amoxicillin/Clavulanic acid AMC 30
Chloramphenicol C 30
Cefepime CPM 30
Streptomycin S 10
Tetracycline TE 30
Cephalothin CEP 30
Azithromycin AZM 15
Tobramycin TOB 10
Ciprofloxacin cIp 5
Aztreonam AT 30
Penicillin G P 10 units
Cefaclor CF 30
Ceftazidime CAZ 30
Nalidixic acid NA 30
Ceftriaxone CTR 30
Cefotaxime CTX 30
Fosfomycin FO 200

Phenotypic Detection of ESBLs Production

ESBL generation was identified using the double-disk
synergy test (DDST). The assay was performed according
to a previously published method (18). Briefly, bacterial
inoculations with 0.5 McFarland were done on Mueller-
Hinton Agar. Following this, amoxicillin-clavulanic acid
disks (30 pg) were put on the centers of plates, while
cefotaxime, ceftazidime, and aztreonam disks were set
around 20-30 mm from the centers. Incubation was done
at 37°C for 18-24 hours. Any expansion of the inhibition
zone against the clavulanic acid disk was deemed a
positive indication of ESBL production.

Biofilm Formation Detection

Biofilm formation was performed using the Congo red
agar method. Bacterial isolates that formed biofilms
produced dark, crystalline colonies after incubation at
37°C for 24-48 hours, whereas those lacking biofilm
formation became pinkish to reddish.

Hemolysis Detection

Hemolysis was identified using the ability of bacterial
isolates to grow on blood agar plates with 5% sheep blood.
The blood agar plates were incubated at 37°C for 24 hours
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under aerobic conditions. Clear halos around bacterial
colonies detected Hemolysin.

DNA Extraction

Genomic DNA was extracted from each bacterial isolate
using the Bioneer genomic DNA extraction kit (Bioneer,
Korea) following the manufacturer’s guidelines for Gram-
negative bacteria. The concentrations of genomic DNA
samples were examined before conducting molecular
analysis.

PCR Amplification of Resistance/Virulence Genes
Conventional PCR was performed for the molecular
detection of 16S rRNA, blaTEM, blaSHV, blaCTX-M-8,
blaCTX-M-9, hpmA, and luxS, the resistance and
virulence genes (Table 2). The ingredients of the PCR
reaction (25 pL final volume) were 12.5 uL. GoTaq® Green
Master Mix, 1 pL template DNA, 1 pL each of forward and
reverse primers (10 pmol/pL), and nuclease-free water.

The conditions for the PCR amplification process were
as follows: denaturation at 94°C for 10 minutes, followed
by 35 cycles of denaturation at 94°C for 1 minute,
annealing at 55°C for 1 minute, extension at 72°C for
3 minutes, and final extension at 72°C for 10 minutes.
The PCR amplification of blaSHV was carried out under
identical conditions, except for a 5-minute denaturation
step at 94°C.

Agarose gel electrophoresis of the amplified DNA
fragments was performed on a 2% agarose gel with
ethidium bromide staining and viewed under a UV light
source. A 100bp DNA ladder was used.

Statistical Analysis
Data analysis was done using MS Excel 2019. Data
presentation was done using percentages.

Results

Isolation and Identification of Proteus Mirabilis
Urinary samples obtained from individuals with urinary
tract infections were used to isolate pathogenic bacteria
using selective and differential culture techniques. Isolates
confirmed as Proteus mirabilis exhibited characteristic

Table 2. Primers for the amplification of resistance and virulence genes

features, including pale, non-lactose-fermenting colonies
on MacConkey agar plates and high swarming motility
on blood agar plates (Figure 1). The colonies appeared
smooth, circular, wet, and highly mobile, characteristic
of P. mirabilis. Under Gram staining reaction, Gram-
negative bacilli were observed. Biochemical tests
confirmed that the isolates were positive for catalase,
gelatin liquefaction, urease, methyl red, motility, and
hydrogen sulfide reactions; however, the oxidase and
indole reactions were negative. The VITEK 2 automated
identification system confirmed the isolates.

Pattern of Antibiotic Sensitivity of Proteus mirabilis
Isolates

From the results of the antibacterial sensitivity test,
considerable variability in multidrug resistance among P.
mirabilis isolates was observed against various widely used
antimicrobial agents. Complete resistance was observed
across all strains to ampicillin (100%), erythromycin
(100%), clindamycin (100%), and clarithromycin
(100%), penicillin G (100%), cephalothin (100%), and
cefaclor (100%). Some resistance was observed against
third-generation cephalosporins, including ceftriaxone
(85%), cefotaxime (75%), and ceftazidime (60%).
Besides, considerable resistance was observed in the
aminoglycoside and other antibiotic groups. On the
contrary, most of the isolates were sensitive to imipenem,
norfloxacin, ciprofloxacin, cefepime, and tobramycin.
Various other antibiotics also showed different levels of
sensitivity against the isolates (Table 3).

Detection of ESBL-Producing Bacteria
Phenotypic Assay

The double-disk synergy test (DDST) was applied to
detect the ability of P. mirabilis isolates to produce ESBL
enzymes (Figure 2 and 3). ESBL enzymes were produced
by 70% (n="7) of P. mirabilis isolates. An increased zone
of inhibition was noted around cephalosporin disks when
combined with amoxicillin/clavulanic acid, signifying that
ESBL enzymes are present. The phenotypic identification
of ESBL-producing organisms corroborates the molecular
assay results on the presence of P-lactamase genes and

through

Gene Primer sequence (5'-3) Product size (bp) Reference
eecceeamere:
SuTse e
blaCTX-M-8 ;:: ?S/S%ACAG(EFLGG/}'\I'//A\?:E?'?:?FACAG 400 Primer-BLAST design
blaCTX-M-9 ;:: %i?;:;l’éTGGCCCGGCCﬁGGAA(fAGGAC 500 Primer-BLAST design
hpmA ;:: igg;g/gééﬁégi?géﬁgggé 270 Primer-BLAST design
luxS F: ACGTATGTCTGCACCTGCG 290 Primer-BLAST design

R: CCATAGCTGCCTTCCATGCA

Primers for blaCTX-M-8, blaCTX-M-9, hpmA, and luxS genes were developed using the NCBI Primer-BLAST tool from the conserved sequences of the genes

obtained from the GenBank database.
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Figure 1. Culture and morphological properties of Proteus mirabilis
colonies isolated on selective bacteriological medium, displaying typical
swarming ability and morphological colony traits for identifying bacteria

Figure 2. Susceptibility patterns of P. mirabilis to various antimicrobial
drugs utilizing the Kirby-Bauer method on Mueller-Hinton agar

Figure 3. Detection of ESBL-producing Proteus mirabilis isolates
phenotypically through the double disk synergy test (DDST), showing
synergistic enhancement of zones of inhibition among p-lactam antibiotics
and disks containing clavulanic acid

indicates a widespread pattern of resistance to p-lactam
antibiotics. ESBL-producing bacteria are clinically
important because of their resistance to third-generation
cephalosporins and other B-lactams, which are routinely
used to treat UTIs (Table 4 and 5).

Biofilm Production in Proteus mirabilis Isolates

Some P. mirabilis isolates were shown to produce biofilms
on Congo red medium. Biofilm formation occurred
in eight of the ten isolates studied (80%). The positive

Table 3. Antibiotic resistance profile

Antibiotic Resistance (%)
Ampicillin 100
Erythromycin 100
Clindamycin 100
Clarithromycin 100
Penicillin G 100
Cephalothin 100
Cefaclor 100
Ceftriaxone 85
Cefotaxime 75
Ceftazidime 60
Cefoperazone 45

Table 4. Prevalence of virulence and resistance phenotype among Proteus
mirabilis isolates

Phenotypic characteristic Positive isolates n (%)

ESBL production 7 (70%)
Biofilm formation 8 (80%)
Hemolytic activity 8 (80%)

Table 5. Occurrence of resistance- and virulence-associated genes among P.
mirabilis isolates

Gene Positive isolates n (%) Product size (bp)
blaTEM 6 (60%) 516
blaSHV 4 (40%) 1000
blaCTX-M-8 2 (20%) 400
blaCTX-M-9 1 (10%) 500
hpmA 8 (80%) 270
luxS 7 (70%) 290

isolates produced dark black colonies with a crystalline
appearance, indicating extracellular polysaccharide
production and biofilm formation (Figure 4). It is
important to note that biofilm formation is an essential
virulence trait because it contributes to persistence,
colonization of tissues and devices within the urinary
tract, and greater resistance to host defense mechanisms
and antibiotic treatment.

Hemolysin Production by Proteus mirabilis

Hemolysis was observed in 8 of 10 P. mirabilis isolates
(80%) grown on blood agar plates. The isolates were
found to produce clear areas of hemolysis around the
colonies, resulting from hemolysin enzymes that lyse red
blood cells. Hemolysin production is a virulence factor
associated with P. mirabilis pathogenicity. It enhances
virulence and causes increased severity of urinary tract
infections by promoting tissue destruction and invasion
(Figure 5).

Resistance and Virulence Factor Detection in Proteus
mirabilis via Molecular Approaches

Detection of Resistance and Virulence Genes by Molecular
Techniques
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Figure 4. Biofilm formation by isolates of Proteus mirabilis on Congo red
agar, with black colonies indicating biofilm formation

PCR Amplification of 16S rRNA Gene for Molecular
Identification of P. mirabilis isolates

Molecular identification of all P. mirabilis isolates
was successfully determined via PCR amplification of
the 16S rRNA gene. Unique amplification bands of
approximately 1500 bp were observed in all isolates
examined. This indicates successful amplification of the
bacterial housekeeping gene, thereby confirming their
identification at the molecular level (Figure 6).

Detection of the blaTEM Gene

Analysis of PCR amplification demonstrated that the
blaTEM gene was present in 6 of 10 P. mirabilis isolates
(60%). Positive isolates showed a clear amplification
band of about 516 bp, whereas the other isolates did not
show any PCR amplification product. This is because the
prevalence of the blaTEM gene is high, suggesting the
widespread distribution of TEM B-lactamases among the
isolates and explaining their high resistance to f-lactams
such as penicillins and cephalosporins (Figure 7).

Detection of blaSHV Gene

Of the 10 P. mirabilis isolates tested, 4 (40%) carried
the blaSHV gene. The positive strains produced bands
of approximately 1000 bp, while the others did not
produce any bands. Therefore, the detection of SHV-type
B-lactamases confirms the prevalence of ESBL resistance
genes among clinical P. mirabilis isolates (Figure 8).

Detection of blaCTX-M-8 Gene

Based on PCR results, the blaCTX-M-8 gene was detected
in 2 of 10 Proteus mirabilis strains (20%). Positive
amplification products at around 400 bp were observed in
2 strains. It is clinically important to identify p-lactamase
CTX-M types due to their resistance to third-generation
cephalosporins (Figure 9).

Identification of the blaCTX-M-9 Gene

A successful amplification of the blaCTX-M-9 gene
was observed in one out of ten isolated strains of P.
mirabilis (10%). Even though the distribution rate of
the blaCTX-M-9 gene is lower than that of blaTEM and
blaSHYV, the presence of this gene in the isolates indicates

Figure 5. Hemolytic nature of Proteus mirabilis isolates, as evidenced by
clearing zones indicating destruction of red blood cells due to bacterial
growth, indicating positive hemolysin activity

the presence of various CTX-M p-lactamase enzymes.
Amplification of this gene may indicate resistance to
cephalosporin-type antibiotics (Figure 10).

Detection of the hpmA Gene

The hpmA gene, associated with the ability to produce
hemolysin, was found to be present in 8 out of 10
isolated strains of P. mirabilis (80%). Most of the isolates
had positive amplification bands at ~270 bp. A high
abundance of the hpmA gene in isolates indicates high
virulence potential and correlates with their hemolytic
nature (Figure 11).

luxS Gene Detection

PCR amplification revealed that the luxS gene was
present in 7 of 10 Proteus mirabilis isolates (70%). The
luxS gene is involved in quorum sensing and biofilm
formation, processes that contribute to bacterial survival,
colonization, and increased antibiotic resistance. This
high detection rate of luxS genes confirms the biofilm
formation results described in this experiment (Figure 12).

Discussion

Urinary tract infections (UTIs) remain frequent and
are associated with multidrug-resistant Gram-negative
bacteria (20). In this study, Proteus mirabilis was found
to be one of the most common uropathogens isolated
from urine cultures of patients with UTIs. The isolates
showed typical motility on blood agar and non-lactose
fermentation on MacConkey agar plates, which are used
for preliminary characterization of this organism (21).
Cultural and biochemical traits similar to those described
above have also been documented in P. mirabilis isolated
from UTIs (22).

The findings of the antimicrobial susceptibility test
conducted in this work revealed a considerably high
prevalence of multidrug resistance among the tested P.
mirabilis strains. These strains demonstrated resistance
to a variety of antimicrobials, including P-lactams
(ampicillin), macrolides (erythromycin, clindamycin,
clarithromycin), and cephalosporins (cephalothin,
cefaclor, ceftriaxone, cefotaxime, ceftazidime). High
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Figure 6. Gel electrophoresis on agarose gel showing amplification of the 165 rRNA gene (1500 bp) in the isolate of Proteus mirabilis. Lane M shows the 100
bp DNA marker; lanes 1 to 10 show the 1500 bp amplified product
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Figure 7. Agarose gel electrophoresis demonstrating amplification of the blaTEM gene (approximately 516 bp) by PCR from P. mirabilis isolates. The M lane is
the DNA marker lane; lanes 1-6 show positive amplification, while lanes 7-10 show negative amplification
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Figure 8. Agarose Gel Electrophoresis Showing PCR Amplification of blaSHV Gene (~1000 bp) in Proteus Mirabilis Strains. Lane M is the DNA Marker; Lanes
1 to 4 represent positive amplification results, whereas lanes 5 to 10 show negative amplifications

resistance to third-generation cephalosporins is consistent antibiotics may be regarded as one of the major causes of
with data from other studies, which have shown a the emergence of antibiotic resistance through selective
growing trend in B-lactam and cephalosporin resistance pressure (25).

in P. mirabilis (23, 24). Overuse and improper use of On the contrary, most isolates retained susceptibility
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Figure 9. Agarose gel electrophoresis results for the amplification of the blaCTX-M-8 gene (~400 bp) in Proteus mirabilis isolates. “M” is the DNA marker; “3”
and “8” are positive amplification bands at 400 bp, while all other bands are negative amplifications

3000 bp

1500 bp

1000 bp

100 bp

Figure 10. Agarose gel electrophoresis showing PCR amplification of the blaCTX-M-9 gene (~500 bp) in isolates of P. mirabilis. In lane M, there is a DNA marker;
in lane 5, a positive band is observed at ~500 bp, and all other lanes show negative amplification

3000 bp

1500 bp

1000 bp

Figure 11. Agarose gel electrophoresis for PCR amplification of the hpmA gene (~270 bp) in Proteus mirabilis. M denotes the DNA marker lane, whereas lanes
1-8 correspond to amplification product detection, while lanes 9-10 show no amplification

to imipenem and norfloxacin. Such results are consistent
with several earlier studies in which carbapenems
have shown high activity against multidrug-resistant
P. mirabilis isolates (26). The retention of sensitivity to
imipenem can be explained by the broad spectrum of
this antibiotic and the low susceptibility of B-lactamase
enzymes to its action. Nevertheless, there should be no
doubt about the growing prevalence of carbapenem-
resistant P. mirabilis strains worldwide (27).

The double-disk synergy test was performed to confirm
ESBL production in P. mirabilis isolates obtained from
patients included in the current study. The role of ESBLs
in the development of resistance mechanisms in Gram-
negative bacteria can be explained by their high ability
to hydrolyze extended-spectrum cephalosporins, leading
to resistance to almost all types of P-lactam antibiotics
(28). Information on the frequency of ESBL-positive P.
mirabilis strains among patients with UTIs and hospital-
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Figure 12. Agarose gel electrophoresis showing PCR amplification of the luxS gene (approximately 290 bp) from P. mirabilis isolates. M represents the DNA
molecular weight marker, lanes 1-7 represent positive PCR products, while lanes 8-10 indicate negative PCR products

acquired infections was also previously collected (29).
Additionally, the presence of ESBL-associated infections is
likely to reduce the efficacy of certain p-lactam antibiotics
(30).

This research also demonstrated that some of the
isolates analyzed produced biofilm and hemolysin,
both important bacterial virulence factors. Enhanced
adherence to epithelial surfaces and catheters, as well
as increased resistance to immune defense mechanisms
and antibacterial drugs, are among the most important
advantages of biofilms (31). Moreover, the contribution
of hemolysin to bacterial invasion and virulence can be
explained by its capability to damage tissues, facilitate
nutrient intake, and promote bacterial invasion (32).
Similar results were found in several earlier studies, in
which biofilm formation and hemolysis were identified
as major virulence factors associated with P. mirabilis
pathogenicity (33).

Amplification of the 16S rRNA gene was useful in
confirming that all isolates were P. mirabilis. In fact, the
16S rRNA gene is one of the most widely used methods
for identifying bacterial species because of its high
conservation and similarity among bacterial families (34).
From the current experiment, it was clear that the specific
PCR technique helped achieve amplification of the 16S
rRNA gene in all isolates.

It was also noted that the blaTEM gene was prevalent
in 60% of the isolates. The TEM type of B-lactamase is
the predominant ESBL among Gram-negative bacteria
resistant to penicillins and cephalosporins (35). Similarly,
the prevalence of blaTEM genes observed in this study
was comparable to the prevalence rates reported in prior
research conducted in different geographic areas (36). The
spread of the blaTEM gene appears to be associated with
lateral gene transfer via plasmid-mediated mechanisms
(37).

In this study, we also detected blaSHV genes in 40%
of the analyzed isolates. SHV-type P-lactamases are
frequently encountered in hospital infections caused by
Enterobacteriaceae and have been associated with wide
geographical diversity (38). The prevalence of blaSHV

genes has also varied greatly across geographical regions
and associated epidemiological conditions. For example,
different prevalence rates have been identified previously
in various Asian and Middle Eastern countries (39).

Lower prevalencerates of blaCTX-M-8and blaCTX-M-9
were detected. The CTX-M enzymes have emerged as
predominant ESBLs in recent years and were mostly
responsible for multidrug resistance to cephalosporins
(40). While the prevalence rates obtained in this study
were lower than those for blaTEM and blaSHV, detection
of blaCTX-M genes is important given their rapid
dissemination and growing prevalence worldwide (41).

Moreover, some virulence-related genes, namely hpmA
and luxS, were detected in P. mirabilis isolates. The
luxS gene is important for regulating biofilm formation,
while hpmA encodes a hemolysin (42,43). Based on such
findings, it is reasonable to suppose that the hpmA gene
was responsible for hemolytic capability and the presence
of luxS for biofilm formation.

Overall, the combination of antimicrobial resistance
and virulence in P. mirabilis is an important public
health concern that can contribute to enhanced survival,
increased virulence, recurrent infections, and reduced
antibiotic efficacy (44). Therefore, the increasing
prevalence of multidrug-resistant and highly virulent
P. mirabilis strains requires immediate molecular
monitoring, implementation of appropriate antibiotic-
use programs, and strict infection-control interventions to
reduce further dissemination of these pathogens (45-48).

Conclusion

This study shows that P. mirabilis isolated from urine
cultures of UTT patients harbor numerous antimicrobial
resistance genes and virulence determinants, which could
increase their pathogenicity. The tested organisms were
extensively multidrug-resistant, including to p-lactams
and cephalosporins. Phenotypic analysis showed that
some isolates produced ESBLs, a finding later confirmed
by molecular investigations. Several blaTEM, blaSHYV,
blaCTX-M-8, and blaCTX-M-9 genes were detected.
Moreover, the presence of virulence-related genes, such
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as hpmA and luxS, was confirmed in some isolates.
The presence of both resistance and virulence genes in
P. mirabilis isolates could significantly enhance their
pathogenicity and colonization abilities, thereby causing
frequent relapse and decreased treatment efficacy.
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