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Abstract

Proteus mirabilis is gram-negative bacteria that is considered responsible for urinary tract
infections (UTISs), especially catheter-associated urinary tract infections. The samples of urine
(119) were collected from Baghdad hospitals. Proteus spp was recognized by morphology, the
Vitek-2 compact system, and the 16SrRNA gene. Antibiotic susceptibility test was also done using
the vitek-2 system. The antibiotic resistance genes vim, imp, ndm, oxa48 and aac(6) were amplified
using PCR. The Results were shown out of 35 isolates belonging to P. mirabilis, they appeared
highest resistance against minocycline, ticarcillin, trimethoprim/sulfamethoxazole, and ticarcillin/
clavulanic with 71.40 %, 68.57%, 65.70% and 57.10% respectively; while, they were sensitive to
meropenem and piperacillin/ tazobactam with 2.85 %and 5.57% respectively. Seven isolates were
classified as XDR, and the two strongest isolates of them were selected (no 90 and no 99). Only
The aac(6) gene appeared positive band at size (395bp) in both isolates while other
genes(vim,imp,ndm,oxa48) were not detected in both of the isolates. RT-PCR revealed a down-
regulation at 0.015 and 0.485 folding change in gene expression of the aac(6) gene under the effect
of olfen and dexamethasone; while it showed Up-regulation at 3.245, 3.55 and 3.22 folding change
in gene expression under the effect of paracetemol, piroxicam and nefopam respectively. From the
above finding, concluded that each of these drugs a had different effect on the aac(6) gene whether
it is up regulation or down regulation. wither it up regulation or down regulation.
Keywords: Proteus mirabils, aac(6)gene, antibiotic resistance, paracetemol, PCR .

1.Introduction

Proteus mirabilis is a gram-negative, facultative anaerobe rod-shaped bacterium most noted
for its swarming motility in a specific bull's-eye pattern. and urease activity [1]. Additionally, P.
mirabilis is a component of the microflora of the human gut. [2]. P. mirabilis is not often a
pathogen, but when it comes into contact with urea in the urinary sys-tem, it can cause problems.
Infection may then spread to different body sites from there [3]. Asymptomatic bacteriuria is
common, especially in the elderly and those with type 2 diabetes, although P. mirabilis can cause
symptomatic infections of the urinary tract, such as cystitis and pyelonephritis [4, 5]. Urosepsis,
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which develops from bacteremia, can be fatal in patients with these diseases. Further, urolithiasis
(the production of urinary stones) can result from a P. mirabilis infection [6].

In addition to UTI, this species can also cause infection in the respiratory tract, eye, ear, nose,
skin, throat, burns, and wounds and has been implicated in neonatal meningoencephalitis, em-
pyema, and osteomyelitis [7, 8]. Proteus mirabilis possesses many virulence factors that cause
UTI, including urease, motility and adhesion mediated by flagella and fimbria, toxins such as
hemolysin and Proteus toxic agglutinin (Pta), lipopolysaccharide (LPS), and metal acquisition
and biofilm development [9]. P. mirabilis may be resistant to benzyle penicillin, oxacillin,
tetracycline, and macrolides due to its pathogenicity. Benzylpenicillin, oxacillin, tetracycline,
and macrolides may not work on P. mirabilis [10]. P. mirabilis may develop ampicillin resistance
through the synthesis of chromosomal beta-lactamases and plasmid-mediated beta-lactamases
[11]. Due to their ability to impart resistance to third-generation cephalosporins including
cefotaxime, ceftriaxone, and ceftazidime, as well as the monobactam aztreonam, Proteus'
extended-spectrum beta-lactamases (ESBLs) raise more serious health issues. ESBLs do not
hydrolyze cephamycins (cefoxitin, cefotetan, and cefmetazole) or carbapenems (imipenem,
meropenem). Proteus is developing carbapenem resistance [12, 13]. P. mirabilis can obtain
antibiotic resistance through horizontal gene transfer (HGT) and become MDR, such as the
aac(6’)-1b gene that causes aminoglycoside resistance and the OXA-48 gene that causes
carbapenem resistance [14, 15]. The focus of this research is on finding ways to make bacteria
more responsive to antibiotics. The aim of this study is to test the effect of different drugs on P.
mirabilis antibiotic susceptibility and whether they can alter the state of the bacterium from
resistance to being sensitive toward antibiotics, thus making antibiotics that are ineffective
against P. mirabilis efficient again.

2. Materials And Methods
2.1 Isolation and identification

One hundred and nineteen sterile containers of urine were collected between October 2021 and
February 2022 from facilities in Baghdad, Iraq, such as the Baghdad Teaching Hospital, the Ghazi
Al-Hariri Hospital for Surgical Specialties, and the Teaching Laboratories at Medical City. The
collected specimens were inoculated on MacConkey agar (Himedia/India) and incubated at 37°Cfor
24 hours. Morphological characteristics were used to identify the isolates. The specimens were
grown on blood, and MacConkey agar was used for the cultivation and identification of the isolates
as P. mirabilis or not, as well as molecular identification using specific P. mirabilis 16STRNA
primers (16SrRNA-F:5 AGAGTTTGATCCTGGCTCAG_3),
16SrRNAR:(5-CTACGGCTACCTTGTTACGA-3)[16]. To identify bacterial isolates.
2.2 Antibiotic susceptibility test

In this method, the test was conducted using the vitek-2 system to detect multidrug resistance
(MDR) for 16 different antibiotics, including amikacin, aztreonam, cefalexin, cefazidime,
cefepime, ciprofloxacin, gentamicin, imipenem, meropenem, minocycline, tazobactam, ticarcillin,
clavulanic acid, tobramycin, trimethoprim, and piperacillin.
2.3 Molecular assay

All isolates' overnight cultures' genomic DNA was extracted using the ABIOpure Extraction
Kit. Quantus Fluorometer measurements of extracted DNA concentration verified sample quality
for subsequent usage.The primers listed in Table 1 were used to carry out conventional polymerase
chain reaction (PCR) to amplify fragments of the genes vim, imp, ndm, oxa48, and aac6 and to
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detect antibiotic resistance genes. The PCR mixture was prepared in a total volume of 20 pl and
consisted of 10 pl of FIREPoI® Master Mix. To fill the remaining 20 pl, distilled water was used,
which is devoid of cutting enzymes and ions. Two microliters of each primer and DNA template
are included in the reaction mixture. A master cycler (Eppendorf, Germany) was used to optimize
and run the thermal program, which included: initial denaturation at 95°C for 5 minutes,
denaturation at 95°C for 30 seconds, annealing (0xa48 for 55 °C, imp for 48 °C, vim for 48 °C, ndm
for 58 °C and aac6 for 54 °C) for 30 seconds, extension 72 °C for 1 minute, final extension 72 °C
for 7 minutes, and hold 10 °C for 4 minutes. The PCR products were verified by electrophoresis in
agarose gel (1.5% in 1X TAE buffer) containing ethidium bromide (10 mg/1 ml). DNA ladder
marker was applied in the control well.
2.4 Quantitative real-time polymerase chain reaction (QRT-PCR)

The TRIzolTM Reagent technique was used to isolate RNA from the sample.
Nuclease-free conditions are required for RT-PCR. The GoTag® 1-Step RT-qPCR system
separates RNA sample preparation, reaction mixture assembly, PCR, and reaction analysis. The
gene expression was measured based on the Livak equation 2*AAct, which is a quick and
straightforward approach to analyzing gene expression levels in real-time PCR [20].

3. Results
3.1 Isolation and identification

Out of 119 samples that were collected from urine and cultivated, the results showed that 35
isolates were P. mirabilis. The isolates had pale colonies and swarming movement (bull's-eye
pattern) on both blood and MacConkey agar Figure 1. Further identification using PCR, the
positive results appeared on clear bands with a size of 1500 bp for the 16sr RNA gene Figure 2.
3.2 Antibiotic susceptibility test

The susceptibility of 35 isolates of P. mirabilis against 16 antibiotics was tested using the Vitek-
2 compact system. The results showed resistance up to 71.40% to minocycline, followed by 68.57%
ticarcillin, (65.70%) trimethoprim/sulfamethoxazole, (57.10%) ticarcillin/clavulanic acid, and
(54.28%) gentamicin, respectively. Only seven of the entire isolates (20%) contained extensively
drug-resistant (XDR) bacterial isolates. The meropenem recorded the highest sensitivity (2.85%),
followed by (5.70%) amikacin, (8.57%) piperacillin/tazobactam, (27.10%) imipenem, (31.40%)
ciprofloxacin, and (34.20%) piperacillin, respectively shown in Figure 3. Two of these 7 isolates
that showed more resistance to gentamicin than the other isolates selected to complete the current
study were labeled as (NO.90 and NO.99).
3.3 Detection of antibiotic resistance genes

The resistance genes (imp,vim, oxa48, and ndm) were not detected among the tested
isolates(Figure 4), but only 2 out of 35 bacterial isolates (5.71%) showed positive bands (395 bp)
for the aminoglycoside resistant gene aac(6) Figure 5.
3.4 Gene expression of the aac(6) gene in P. mirabilis isolates

The gene expression of aac(6) has shown down regulation with 0.015 and 0.485 fold changes
after being treated with olfen and dexamethasone, respectively, but up regulation was noted after
being treated with other drugs Table 2. These results were compared to the control
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Table 1. primers used for detection of antibiotic resistance genes.

Gene Sequence 5-3 References
OXA48-F 5_AGCTTGATCGCCCTCGATTT 3 -
OXA48-R 5 GAATACCACCGTCGAGCCAG 3

VIM-F 5 GTACGCATCACCGTCGACAC 3

VIM-R 5 TGACGGGACGTATACAACCAGA 3 (18]
IMP-F 5 AAGTTAGTCAMTTGGTTTGTGGAGC 3

IMP-R 5 CAAACCACTACGTTATCTKGAGTGTG 3 el
NDM-F 5 TTTACTAGGCCTCGCATTTG_3

NDM-R 5 GCCCAGCTTCGCATAAA 3 Designed
AAC(6)-F 5 TATGAGTGGCTAAATCGA 3

AAC(6)-R 5 CCCGCTTTCTCGTAGCG 3 [19]

| - 40 S 99 NCO

100bE

1G6SrIRIN.A

Figure 2.The findings of the 16srRNA gene amplification in P. mirabilis samples fractionated on 1.5% agarose gel
electrophoresis labeled with 1500 bp ladder marker
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Figure 3. Antibiotics resistance percentage for P. mirabilis isolates
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Figure 4.The negative amplification of genes(iMP,VIM, oxa48 and NDM) in P. mirabilis samples fractioned on 1.5%
agarose gel electrophoresis stained with Eth.Br.M: 1500bp ladder marker, NC: negative control.
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Figure 5.The amplification of aac(6) gene(395bp) in P. mirabilis samples fractioned on 1.5% agarose gel
electrophoresis stained with Eth.Br.M: 1500bp ladder marker, NC: negative control.
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Table 2. Fold change of aac(6) gene expression of P. mirabilis isolates that were treated with different drugs

Sample aac(6) House keeping gene DCT DDCT Folding
Control 26.56 8.48 18.09 0.00 1.00
Piroxicam 28.19 11.92 16.27 -1.82 3.55
Dexamethasone 27.30 7.95 19.35 1.265 0.485
Nefopam 29.05 12.43 16.61 -1.475 3.22
Olfen 3177 7.325 17.84 6.34 0.015
Paracetemol 31.98 15.51 16.14 -1.615 3.245
4. Discussion

The leading results showed a higher incidence of P. mirabilis (29.4%) compared to Treska Dh.
Kamil and Sanaria F. Jarjes, showed an incidence of 26% of all samples identified as Proteus (90%
of these Proteus samples identified as Proteus mirabilis). [21]. Also, the incidence was about twice
as high as reported by Dalia A. Ahmed, who stated that 19.7% of all collected samples were
identified as Proteus (66.6% of samples were identified as Proteus mirabilis). [22]. Proteus of this
increase in Proteus isolates is attributed to hygiene, lack of contamination, increased antibiotic
resistance, and the emergence of Proteus mirabilis' extended-spectrum beta-lactamases (ESBLS),
which may pass on resistance to the next generation via horizontal gene transfer (HGT), thus
causing serious health problems. The highest resistance percentage was for minocycline (71.4%).
25 isolates were resistant to minocycline. Minocycline A semi-synthetic antibiotic derivative from
tetracycline is presently used systemically to treat a variety of illnesses brought on by both Gram-
positive and Gram-negative bacteria. Minocycline is largely bacteriostatic and works by limiting
bacterial protein synthesis by attaching to the 30S ribosomal subunit and preventing the ligation of
the aminoacyl-tRNA, a process shared by other tetracycline antibiotics. [23]. While other studies
by Serry FM et al. showed that isolates were completely resistant to tetracycline (100%). The
resistance percentage for gentamicin was (54.28%) 19 isolates showed resistance to gentamicin.
This result is consistent with those of Essam F.A. Al-Jumaily and Sara Hussein Zgaer, who found
that Gentamycin had a moderate effect (55.8%) on P. mirabilis isolates because it is an
aminoglycoside, a class of potent, broad-spectrum antibiotics that inhibit prokaryote protein
synthesis. [25]. These findings further demonstrate that imipenem, a kind of carbapenem, Kills
bacteria by piercing their cell walls, attaching to penicillin-binding proteins (PBPs), and
inactivating their internal autolytic inhibitor enzymes [26]. It has a resistance percentage of
(27.1%). This disagrees with results by Essam F.A. Al-Jumaily and Sara Hussein Zgaer that showed
that imipenem was the most effective drug against P. mirabilis isolates (97.2%). [25]. The lowest
resistance percentage (2.85%) was for meropenem, which also belongs to the class carbapenem,
with only 1 isolate being resistant to meropenem. This agrees with results by Serry FM et al., who
showed the lowest rate of resistance was also for meropenem (6.4%). [24]. Our results show that
none of the tested isolates contained the antibiotic resistance genes (imp,vim, oxa48, and
ndm), which leads us to explain that these genes may be carried on plasmids, might be lost, or that
the isolates may resist antibiotics by another mechanism such as permeability of membrane or
bypass. Nadezhda K. Fursova and co-authors showed that the 0xa48 gene was detected in 18.75%
of P. mirabilis isolates [27]. Additionally, S. Vourl discovered that clinical isolates of P. mirabilis
from a hospital in Thessaloniki, Greece, that were genetically linked showed reduced sensitivity to
imipenem and possessed the vim gene. [28]. The aac (6) gene is the most common gene that
produces the aminoglycoside-modifying enzymes necessary to impart resistance to gentamicin,
tobramycin, kanamycin, and amikacin. Resistance to both fluoroquinolones and amino-glycosides
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may be brought on by the aac(6) mutant gene. A study by Piotr Wieczorek et al. also gave a positive
result, as the aac(6) gene was detected in five isolates of P. mirabilis with a decreased sensitivity
to aminoglycoside [29]. Other results by Najlaa Abdallah D. Al-Oqaili et al. showed that 40% of
P. mirabilis isolates contained the aac (6) gene [30]. Based on the results in Table 4, we can observe
the effect that each drug had on the expression of the acc (6) gene (increase or decrease). The most
surprising result was that paracetamol showed a high increase in gene expression (upregulation) in
both of the gentamicin-resistant isolates, although it had a different effect on bacterial susceptibility
when combined with gentamicin by inhibiting bacterial growth phenotypically, which may lead us
to believe that paracetamol has a contrast effect and requires further studies to fully understand and
demonstrate its effect. Dexamethasone and olfen showed a matched effect on bacterial
susceptibility with gentamicin since both of them showed a decrease in gene expression
(downregulation) in both of the isolates, especially olfen, which showed a huge decrease in both of
the isolates, which confirms its phenotypic impact that showed inhibition of bacterial growth when
combined with gentamicin for both of the isolates. Nefopam and piroxicam enhance gene
expression (upregulate), and they also exhibit a modest reduction in bacterial resistance to
gentamicin when administered in conjunction with antibiotics, suggesting that their effects are
complex. Other results by Hisham A. Abbas confirms the effect of diclofenac (olfen) and shows
downregulation of virulence genes that ranged from the SarA gene, the AgrA gene, the HLA gene,
the FnbA gene, the IcaA gene, the SigB gene, and the CrtM gene in Staphylococcus aureus [31].

5. Conclusion

Paracetamol, piroxicam, and nefopam have a positive effect on the aac(6) gene inP. mirabilis
as they cause upregulation of the gene responsible for resistance toward aminoglycosides. Olfen
and dexamethasone showed increased sensitivity toward gentamicin as they caused downregulation
in the aac(6) gene. These two drugs are recommended to be used in combination with antibiotics
to decrease bacterial resistance.
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