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ABSTRACT

Background: P. mirabilis possesses multiple virulence factors that enable them to cause infection in various anatomical
sites of the human body, including endotoxin, and some of them are secreted into a medium such as the enzyme that
analyzes urea, hemolytic enzyme, protease, biofilm, DNase, and others. Excessive use of antibiotics has led to the
emergence of multidrug resistance and multidrug resistance bacteria that cause serious infections that are difficult to
treat.

Objectives: The study aims to molecular investigation of the virulence genes in Proteus mirabilis multidrug resistant.
Methods: A total of 100 samples collected from different clinical sources (urinary tract infections, wounds, stool) in
sterile containers in different hospitals in Baquba city (Baquba Teaching Hospital and Al-Batool Hospital) were
subjected to antibiotic susceptibility study using disc-diffusion method. Molecular detection of virulence genes using
polymerase chain reaction (PCR) analysis and amplicons sequenced.

Results: The results showed that all isolates had multiple resistance against antibiotic, and the highest resistance was
against antibiotic Trimethoprim and lowest resistance towards two antibiotic Imipenem and Amikacin . PCR analysis
revealed the presence of flaA ,fliC, mrpA and rsbA were present in all isolates in a ratio 100% .

Conclusion: Isolates of Proteus mirabilis bacteria, which have virulence factors, it causes many diseases and susceptible
to infection through their ability to move, transfer, adhere, and form a biofilm.
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INTRODUCTION poorly monitored ®. The Enterobacteriaceae with the
In both hospitals and the general populace, urinary lowest rates of extended-spectrum beta-lactamases
tract infections (UTIs) are the most common bacterial (ESBL) and carbapenemase synthesis along with UTIs
diseases effecting, ranging in intensity from an infection is Proteus spp. Due to the limited antibiotic penetration
without symptom to acute prostatitis, pyelonephritis, and development of resistant genes that result in
cystitis, and urethritis. This is among the most common antibiotic resistance, indwelling medical devices
disorders, impacting individuals of all ages. There's (IMDs) are the most resistant to biofilm-producing
many Proteus species, with Proteus mirabilis being one microbial invaders ®. Due to the pathogen's capacity to
of the most important. This pathogen is classified as an mediate urea hydrolysis via the urease it generates,
opportunistic  pathogen  that affect immune- which generates tissue necrosis and inflammation at the
compromised patients with a variety of diseases and infection site and prevents antibiotics from contacting
causes nosocomial infections and urinary tract the pathogen, P. mirabilis infections are hard to treat,
infections . last an a while, and commonly result in death ©.
Dependent on the patient's location and type, it is The frequent use of antibiotics leads to antibiotic
also known as Proteus UTI. All patients with catheters resistance and the emergence of antibiotic resistance
are at risk for lethal infections, including UTI, genes, especially in Gram-negative bacteria ). This is
urolithiasis formation, congestion of the urinary tract, considered as one of the most serious chronic illnesses.
bladder stones, kidney stones, and bacteriuria @, A sensory protein that governs swarming behavior is
Protease, an enzyme which helps in the breakdown of represented by the rsbA gene. RsbA was shown to
protein, and urease, an enzyme which catalyses the promote  gene  expression  for  extracellular
hydrolysis of urea, among characteristics of the polysaccharide production and biofilm formation,
virulence factors and enzymes which P. mirabilis showing it might function as a protein sensor of
possesses. Toxins such as hemolysin, a hemolytic toxin, environmental conditions. A histidine-containing
and proteus toxin agglutinin are found . phosphor transmitter is expressed by rsbA gene .
Additionally, P. mirabilis has a secondary Nanoparticles of metal oxides having a size range of 1—
virulence factor that participates in adhesions, flagella, 100 nm represent a new orientation that is increasingly
and colonization ©®. Urinary pathogens' virulence being progressed for use in research and medically care
factors increase subsequent infections and adherence to related implementation ®. Due to their low production
mucosal surfaces. The multiresistant enterobacteria that costs, safety, and simplicity of preparation, ZnO NPs
cause UTI are a significant public health issue. are of the greatest interest ©.
Antibiotic resistance is still a big issue, particularly in It has several medicinal uses, including the
underdeveloped nations wherever sanitation is still a delivery of medications, anti-cancer, anti-diabetic,
concern and antibiotic usage is often indiscriminate and antibacterial, antifungal, and agronomic qualities @9,
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ZnO nanoparticles' antimicrobial properties are
poorly understood Y. The World Health Organization
(WHO) has shown that ZnO nanoparticles have no
effect on human cells at different concentrations even
the high, which was detected by numerous tests and
assays. (2

The study aims to molecular investigation of the
virulence genes in Proteus mirabilis multidrug resistant.

MATERIALS AND METHODS

The study was approved by the Ethics Board of the
university of Diyala and informed written consent was
taken from each participant in the study. This work has
been carried out in accordance with The Code of Ethics
of the World Medical Association (Declaration of
Helsinki) for studies involving humans.

Isolation and Identification of proteus mirabilis

A total of 100 samples were collected from
different clinical sources (urinary tract infections,
wounds, stool) in sterile containers in different hospitals
in Baguba city (Baqguba Teaching Hospital and Al-
Batool Hospital). During sample collection from
13/10/2020 to 12/3/2021.

The samples were cultured on MacConkey's agar
and blood agar plates, and then incubated for 24 hours
at 37-C. The isolates were identified depending on the
morphological and biochemical tests and compared to
the scheme described by @¥. Morphological and
Microscopic Identification: it was possible to see the
form, size, texture, and colony organization of the
bacteria. Colonies were isolated and stained using Gram
stain. In order to determine their form and length, they
were ultimately viewed under a microscope. Testing
biochemical reactions using indole and oxidase @4 .

Table 1: list of primers which were used in this study

Antimicrobial susceptibility

Seven antimicrobial discs to determine their
sensitivity, and the antimicrobial susceptibility test
(CLSI, 2020). Bacterial isolates were grown in
MacConkey broth over night at 37°C. Muller Hinton
agar is made and put in petri dishes. In 5 ml of ordinary
saline, isolated colonies were suspended using a vortex.
It was examined for turbidity in compared to the
standard McFarland solution. Seven antimicrobial discs
were used to assess the sensitivity of twenty isolates of
Proteus mirabilis which was treated by spread cotton
swabs in three separate directions by rotating the plate
by 60 °C for each direction. For a few minutes at room
temperature, the plate was turned upside down at room
temperature. The plates were comprised of various
antibiotics, which were then incubated at 37°C
overnight. With the help of a zone inhibition ruler,
inhibition zones were measured in millimeters and the
results were compared with those of the National
Committee for Clinical Laboratory Standards.

Molecular detection of virulence genes

Genomic DNA was extracted by DNA extraction
kit (Promega, USA) and stored at -20 °C. PCR
approach was used to detect the presence of virulence
genes including (flaA, fliC, mrpA and rsbA). The
primers of this study were specifically designed and
synthesized by NCBI — Genbank using a program
Primer 3 plus design. Using agarose gel at a
concentration of 2% with a potential difference of 100
volts for 60 minutes. The primer sequences, their
annealing temperatures and product sizes are given in
Table 1.

primer sequence (5 -3)

Target genes

Size(bp) | Tem °C Reference

R/ATT TCA GGA AAC AAAAGA TG

FITTCTTACTGATAAGACATTG mrp A

565bp 95°C One cycle (16)
95°C 30 cycle
40°C 30cycle
72°C 30 cycle
72°C One cycle

FIAGG ATA AAT GGC CACATT G flaA
R/ICGG CAT TGT TAATCGCTTTT

417bp 95°C One cycle a7
95°C 30 cycle
54.2°C 30cycle
72°C 30 cycle
72°C One cycle

F/ITTG AAG GAC GCG ATC AGA CC rsb A
R/ACT CTG CTG TCC TGT GGG TA

467bp 95°C One cycle (18)
95°C 30 cycle
58°C 30cycle
72°C 30 cycle
72°C One cycle

F/IATG GCA CAA GTC ATT AAT FliC
R/ACG TAA CAG AGA CAG AAC A

1095bp 95°C One cycle (29)
95°C 30 cycle
54°C 30cycle
72°C 30 cycle
72°C One cycle
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Ethical approval:
The study was approved by the Ethics Board of
University of Diyala.

RESULTS

Isolation of P. mirabilis

This study included 100 samples of different clinical
sources (urinary tract infections, wounds, stool), the rate
of male patients was 44% and female patients 56% their
age ranged between 1 to 40 years. It was twenty-seven
isolates of Proteus spp. were recovered included 20
isolates of P. mirabilis and 7 isolates of P. vulgaris.

Antimicrobial Susceptibility

The sensitivity of P. mirabilis strains isolated from
(urinary tract infections, wounds, stool) was tested
against antibiotics, including Cefotaxime, Amoxicillin-
Clavulanic  acid,  Trimethoprim,  Piperacillin,
Ciprofloxacin, Imipenem, Amikacin in Table (2).

Table 2: The susceptibly pattern of twenty Proteus

mirabilis isolates to seven antimicrobial agents

Antibiotic Resistant | Intermediate | Sensitive
Amoxicillin- (85%)17 | (0)0 (15%)3
Clavulanic

acid

Cefotaxime (80%)16 | (0)0 (20%)4
Trimethoprim | (80%)16 | (0)0 (20%)4
Piperacillin (30%)6 (0)0 (70%) 14
Ciprofloxacin | (20%)4 (10%)2 (70%)14
Imipenem (25%)5 (10%)2 (65%0)13
Amikacin (25%)5 | (10%)2 (65%)13

Molecular Detection of Virulence Genes

The results of the present study are show that

20(100%) of Proteus mirabilis isolates give positive
result at 467bp, this result was shown in Figure (1).
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Figure 1. Electrophoresis for the rsbA gene where the result showed appearance of the gene in all isolates. M: Ladder
with (1500bp) and agarose 2% at a voltage difference of 100 volts for 60 minutes.
The results of PCR amplification to specific fla A primers indicated that 20(100%) . The result of electrophoresis

showed of the present of a segment of length 417bp belonging to the flaA gene, this result was shown in Figure (2) .
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Figure 2. Showed the electrophoresis of the flaA gene and the appearance of the gene in all isolates. M: Ladder with

(1500bp) and agarose 2% at a voltage difference of 100 volts for 60 minutes.
The result showed that mrp A gene was present in all isolates . The result of electrophoresis showed of the present of

a segment of length 565bp belonging to the mrpA gene . This result was shown in figure (3).
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Figure3.3 . illustrations gel electrophoresis of mrpA gene that the positive result presents in 20 isolates . M : Ladder

with (1500bp) and agarose 2% at a voltage difference of 100 volts for 60 minutes.
The result of the study showed that fliC gene appeared in 20(100%) . The result of electrophoresis showed of the

present of a segment of length 1095bp belonging to the fliC gegn . This result was shown in figure (4).
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Figure 3. 4 . . Showed the electrophoresis of the fliC gene and the appearance of the gene in all isolates. M: Ladder
with (1500bp) and agarose 2% at a voltage difference of 100 volts for 60 minutes.

DISCUSSION

The study showed that proteus bacteria have
varying resistance to antibiotic , as the percentage of
resistance to Amoxicillin-Clavulanic acid 85% the
results arranged with @ P. mirabilis resistance of
Amoxicillin-Clavulanic acid was 94.3% . The isolated
of P. mirabilis resistance of cefotaxime was 80% the
result arranged with %22 P_ mirabilis resistance of
cefotaxime was 90% and 87% . The resistance of P.
mirabilis isolates to Trimethoprim was 80% the results
arranged with 329 P mirabilis resistance was 72% and
79.16% . P. mirabilis resistance to Piperacillin 30%
the result agreed with 529 the isolate resistance was
20% and 40% ,While the isolates not agree with ¢7:29)
isolate  resistance was 78.4% and 75% . Isolates
resistance to Ciprofloxacin was 20% the result agree
with @82°) P _mirabilis isolate resistance to Imipenem
was 25% The result arranged with@®2% resistance was
16.2% , 25%. The resistance of isolates to Amikacin
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was 25% the result similar with 839 the resistance was
16.6% . It was found that isolates of P. mirabilis
resistance to most antibiotics that are widely used, and
the reason for this may be attributed to the bacteria’s
adaptation to the hospital environment, and the regular
use of antibiotics works to kill the bacteria present in the
environment while the bacteria remain inside

Antibiotics continuously, which allows the occurrence
of mutations in the genetic material, resistance is also
attributed to the possession of these bacteria for
plasmids or Resistance factors (RF), which can be
transferred from resistant to sensitive isolates to become
resistant to one or more antibiotics. Inthe present study,
100% of strains had the rsbA gene, The results which
agreed with @21) who found that 100% , 94.3%
respectively . The phosphotransfer intermediate rsbA is
encoded by the rsbA gene, which is part of the
phosphorelay system. The rsbA gene, which regulates
swarming behavior, has been identified as a swarming
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repressor. The flaA and fliC found in isolates 100% The
present study was agreed with the result of 031323334
that displayed all isolate of P. mirabilis have gene fliC
and flaA in the rate of (100%) . The flaA and flaB gene
have an 80% homologous DNA sequence, SO
recombination can occur between them and then
produce occasional hybrids that enable them to evade
the host's immune system during the infection process .
The process of regulating the production of the Flagelin
protein is carried out by a gene symbolized by fIhDC,
which is a Classl gene that codes for a
heterothetrameric quaternary protein complex called
FIhD2C2 that regulates the expression of the additional
genes required for the differentiation of swimming cells
by activating the Class2 genes that code for the basel
body and flagellum proteins, the 288 factor activates the
Class3 genes necessary for the synthesis and synthesis
of the Flagellin protein®® .

The mrpA gene found in 100% of isolates the
result was agree with of ¢332 that mrpA genes found in
(100%) isolate of P. mirabilis. The MR/P type is one of
the most important types of fimbria and encodes a
number of chromosomal genes carried in two copies,
the first version in the form of an operon and includes
nine mrpABCDEFGHJ (mrp operon) genes required to
synthesize and assemble the fimbra, while the second
version is in the form of a single gene, mrpl, which
regulates the reproduction of operon. The first step of
urolithiasis is the accumulation of P.mirabilis bacteria
in the lumen of the bladder, which increases the
deposition of calcium ions, and this requires the
presence of the enzyme urease and fimbria MRP (03431

CONCLUSIONS

1- Possession of P. mirabilis isolates Many
virulence factors that increase its pathogenicity.

2- The resistance of the isolates to one antibiotic
from three different groups gives it the
characteristic of multiple resistance, wherever it
was all MDR isolates possess multiple
resistance, and no isolate showed resistance to all
antigens .The highest percentage of resistance
towards Doxycycline antagonists, while
Amikacin and Impenem antagonists were shown
One of the most effective antibiotics against the
tested isolate .

3- Twenty isolates possessed genes encoding
flagella flaA, fliC, villi mrpA, swarmming genes
rsbA, wosA.
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