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 Abstract     

     Proteus mirabilis is one of the most common Gram-negative bacteria that can cause UTIs. The 

purpose of this research was to identify virulence genes in P. mirabilis strains obtained from the 

urine of Iraqi patients diagnosed with urinary tract infections. From October 2022 to February 

2023, AL-Imam Ali Hospital collected 100 urine specimens from patients exhibiting symptoms 

and signs of UTI. All specimens were identified based on morphological characteristics on media 

of culture like pale, non-lactose ferment colonies on MaCconkey agar, swarming on blood agar, 

and salmonella shigella agar for hydrogen sulfide production, more diagnosed via utilizing 

molecular detection and the VITEK system, giving positive results for twenty P. mirabilis isolates. 

The (ureA, hpmA) gene detection results revealed the presence of ureA in 18 cases (90%), and 

hpmA in 17 cases (85%). The molecular technique showed that the ureA and hpmA genes 

associated with virulence factor hemolysin (hpmA) and urease (ureA) genes are necessary for 

causing urinary tract infections. 
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1. Introduction 

     Proteus species are facultative anaerobic, gram-negative, rod-shaped bacteria. It may ferment 

sugars other than lactose and produce urease. This genus belonging to the Enterobacteriaceae 

family, and exhibits a positive catalase and nitrase reaction but a negative oxidase reaction, 

indicating its active movement without spore generation. Certain tests, like phenylalanine 

deaminase tests and positive urease (1, 2), can be used to identify Proteus species. One of the most 

frequent Gram-negative bacteria that can cause UTIs is Proteus mirabilis (3). P. mirabilis may 

cause catheter blockage, stones of the kidney, bacteriuria, acute pyelonephritis, and fever. It is true 

that P. mirabilis strains cause the vast majority of severe UTIs (4, 5). P. mirabilis encodes multiple 
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virulence genes (6, 7). Many different virulence factors contribute to the pathogenicity of P. 

mirabilis. The ability of bacteria for adhesion, colonization, and invading of tissues is promoted 

by a number of factors, including the existence of lipopolysaccharides, cell invasiveness, 

environmental iron binding, urease activity, swarming motility, the presence of flagella-based 

proteins and fimbriae, and hemolysin (8, 9). Important in the pathophysiology of P.mirabilis, the 

urease enzyme catalyses the production of kidney and bladder stones and can also obstruct 

indwelling urinary catheters (10). The hpmA and hpmB hemolysin proteins are associated with P. 

mirabilis hemolysis. For the protein to become active and cause tissue injury, it must cleave off 

the N-terminal peptide of hpmA. Previous research suggests that P. mirabilis hemolysin has a 

crucial role in UTI, which leads to P. mirabilis potential urovirulence (11). The purpose of this 

study was to identify virulence genes in P. mirabilis obtained from the Iraqi patients39; urine 

diagnosed with urinary tract infections. 

  

2. Materials and Methods 

2.1. Collection of specimens 

From October 2022 through February 2023, 100 urine samples were obtained from UTIS 

patients at AL-Imam Ali Hospital utilizing transport media swabs. Bacterial analysis will be 

performed on the samples that were sent to the laboratory. This study was approved by the ethical 

committee of the Biology Department-College of Sciences/University of Baghdad according to 

the reference number (CSEC/0922/0099). The samples were collected after the approval of the 

patients. 

2.2. Isolation and Identification of P. mirabilis 

Salmonella shigella (S.S.) agar, MaCcnokey agar, and blood agar were all used to incubate the 

samples aerobically for 24 hours at 37 degrees Celsius. Gramme stain was used to determine the 

bacterial reaction to stain, arrangement, and form (12), allowing for identification based on 

microscopical features. Swarming on blood agar, non-lactose ferment on MaCconkey agar, and 

hydrogen sulfide generation on S.S agar are all morphological traits that may be observed when 

growing bacteria in the laboratory. The Proteus isolates were identified using a battery of 

biochemical assays, including the indole test (13) and the urease test (14), before their identities 

were eventually validated using the Vitek2 system (15). 

2.3. Genetic study 

2.3.1. Genomic DNA extraction 

Isolates of P. mirabilis were grown in Mueller-Hinton broth for 24 hours at 37°C, and DNA 

was extracted using a commercial kit. Bacterial growth DNA was extracted using the Easy Pure 

genomic DNA kit. The purity and quality of the DNA were tested using a Qubit 4.0 assay. 

2.3.2. Quantitation of DNA by Qubit 4.0 

The test is sensitive to samples with concentrations between 10 pg/L and 100 ng/L and prefers 

double-stranded DNA (dsDNA) over RNA. The test generates the three-hour signal at room 

temperature. The test permits many common contaminants, including salts, free nucleotides, 

solvents, detergents, and proteins.The Qubit® dsDNA HS Reagent was diluted 1:200 in Qubit® 

dsDNA HS buffer to create theQubit® working solution. Each standard tube had 190 µL of Qubit® 
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working solution added to it,and then 10 µL of each standard solution was added to it and vortexed. 

Each sample tube had 197µL of the Qubit® working solution and 3 µL of sample added to it. After 

incubating all of the ingredients in a vortex mixer for 3 minutes at room temperature, we tried 

them. Standards tubes were used in the Qubit device to generate a concentration curve. Sample 

tubes were introduced sequentially to the dsDNA concentration reader. 

2.3.4. Primers 

In this study, specific primers were designed to identify virulence genes (ureA and hpmA) 

in P. mirabilis (Table 1). These genes were amplified using a multiplex PCR technique. 

 

Table 1. Sequences of primer and their sizes utilized to reveal specific genes of virulence factors. 

R: Reverse primer, F: Forward primer 

The genes were amplified depend on program of PCR in Table 2. 

 

Table 2. Program of PCR for amplification of genes. 

Cycle No. Stage Temperature Time 

1X 

 

30X 

 

1X 

Initial Denaturation 

Denaturation 

Annealing 

Extension 

Final Extension 

94 ºC 

94ºC 

46.5ºC 

72ºC 

72ºC 

5mint 

30sec 

45sec 

45sec 

7mints 

 

2.3.5. Mixture reaction 

The PCR amplification mixture contains Master mix (12.5 microliters), forward primer1 (1 

microliter), reverse primer1 (1 microliter), forward primer2 (1 microliter), reverse primer2 (1 

microliter), nuclease-free water (3.5 microliters), and DNA template (5 microliters). 

The conditions of PCR were as follows: initial denaturation at 94°C for five minutes, followed by 

denaturation at 94°C for thirty seconds, annealing at 46.5°C for forty-five seconds, extension at 

72°C for forty-five seconds, and final extension at 72°C for seven minutes. 

2.3.6. Agarose gel electrophoresis 

To make the agarose gel, we first dissolved 1.2 grams of agarose powder in 60 milliliters of 1xTBE 

buffer by heating the solution in the microwave until all of the gel particles dissolved. The agarose 

solution was cooled to 70° C, and then 4 l of RedSafeTM was added and well 

incorporated. Gel was put into the gel tray and allowed to settle at room temperature (20-25 

°C)for 30 minutes before the combs were removed. The jar was then placed in the 

Genes Sequences of primer (5→3) Size(bp) 

HpmA 

 

UreA 

R-

CTACTCGCTACTAATGTGATG 

F-

CTCGTATTGATAGTAGAGGGA 

R-AGGTGAGTGAATTGAAACC 

F-GTTGCAGAAAGACGTTTAG 

240 

 

400 
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electrophoresis tank. The first well of the agarose electrophoresis gel included 8 µL of the DNA 

ladder, while the subsequent wells had 8 µL of each PCR product. Next, we put the lid on the 

electrophoresis tank and set the electric current (80 volts for 80 minutes). The redsafe-stained 

bands in the gel were visualized with a gel documentation system. 

 

3. Results 

3.1. Bacterial isolation  

Morphological aspects of culture traits and biochemical parameters are used extensively in 

isolating and identifying P. mirabilis. One hundred distinct samples of urine were grown on several 

different mediums. Plates of S. S. agar and MacConkey ureA base agar, as well as blood, were 

among them. P. mirabilis colonies on blood agar, for example, may be recognized by the clustering 

phenomena in which they grow in close proximity to one another, as well as by their distinctive 

fishy odour. Positive results are shown in Figures (1-4) for 20% of the isolates of P. mirabilis that 

grow in continuous waves, forming concentric thin film layers (swarms). Colonies on Macckongy 

agar are round, pale, and do not appear to form colonies (15).  

 

     

 
Figure 1. Proteus mirabilis on Macckongy agar after18- 24h of incubation at 37°C, the colonies appear are smooth 

and pale colonies. 
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Figure 2. Proteus mirabilis on Salmonella Shigella agar after 24h of incubation at 37°C, the colonies appear pale 

with black center (hydrogen sulfide production). 

 

Figure 3. Proteus mirabilis on blood agar after 24h of incubation at 37°C (swarms and alpha hemolysis). 

 

Figure 4. Proteus inoculated into Christensen medium which give positive results pink color after 24h of incubation 

at 37°C. 
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3.2. Identification by using VITEK System 

In addition, the Vitek2 system's results for identifying P. mirabilis showed that all isolates were 

indeed P. mirabilis, with a percentage of identification ranging from (95 to 99%). 

3.3. Results of the multiplex PCR 

It works the same way with ureA and hpmA-specific primers, morphological methods, and the 

Vitek2 system to identify all 20 P. mirabilis isolates. The picture in Figure 5 shows how a single 

band with a known molecular weight (240 bp for ureA and 400 bp for hpmA) can be used as a sign 

to find genes.  There were a total of 17 (85%) and 18 (90%) positive isolates for the presence of 

hpmA and ureA, respectively. Those are evidenced by Table 3. 

 

Figure 5. Multiplex PCR for ureA and hpmA (2% agarose gel, TBE buffer, 80 mints). UreA gene (size 240 bp) and 

hpmA gene (400) extraction 85 volts two percent of agarose gel electrophoresis for 80 mints. L: Ladder with 

1000bp. 

Table3. Prevalence of virulence genes (hpmA, ureA) of P. mirabilis. 

Genes Number of isolates percentage % 

HpmA 

UreA 

17 

18 

85% 

90% 
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4.  Discussion 

     Twenty isolates were found by testing their characteristics on various mediums (blood agar, S. 

S agar, and MacConkey agar). P. mirabilis was confirmed by colonisation on blood agar, a fishy 

odor, and the appearance of smooth, pale colonies on MacConkey agar before being diagnosed 

with the VITEK2 system and molecular detection. 

All of them demonstrated phenotypical signs of extracellular urease positivity. These results are 

consistent with those observed by (17–24), who also found that all P. mirabilis isolates tested 

strongly produced urease. One of the most crucial aspects of P. mirabilis pathophysiology is 

urease. When grown in a lab (on basic ureA agar), urease changes ureA into carbon dioxide and 

alkaline ammonia. This raises the pH and turns the phenol red indicator pink (25). However, in 

vivo (inside a human's body), this enzyme catalyzes the production of bladder and kidney stones, 

or encrustation and obstruction of the indwelling urinary system (26, 27).  

Different types of biochemical and morphological tests back up the finding that ureA levels are 

lower in 18 (90%) of clinical isolates compared to 28 (100%) and 29 (10%). Urease, the primary 

enzyme in both kidney and bladder stone formation, is produced by a gene that is required in P. 

mirabilis. Specifically, this ureA gene is required (30). 

Additionally, 17 out of 28 people tested positive for HpmA, an increase of 85% from the previous 

result of 5 (22.72%). Prior research indicated that the frequency of the hpmA gene was 30% (31), 

which is quite close to the values described here. The hpmA gene is one virulence factor that 

contributes to UTI development. The fact that this gene also contributes to infections in other parts 

of the urinary system makes it noteworthy. 

The P. mirabilis bacterium secretes a hemolysin that is toxic to kidney tissue. Two genes, hpmA 

and hpmB, regulate HpmA, a larger, calcium-independent protein with an N-terminal peptide (166 

kDa). Calcium-independent hemolysin leaking through the pores may activate HpmA (140 kDa) 

(32). The invasiveness of P. mirabilis strains coincides with increased HpmA production, which 

undergoes coordinated control throughout cell development into colony forms and infection (33). 

5. Conclusion 

     According to the results of this study, P. mirabilis isolates from urinary tract infections have 

the ability to possess virulence factors (phenotypic and genotypic), such as urease and hemolysin. 
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