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ABSTRACT 
 

Introduction and Aim: Proteus mirabilis is a Gram-negative bacterium that is responsible for urinary tract infections 

(UTI), especially catheter-associated UTI. In this study, we investigated whether certain painkillers and anti-

inflammatory drugs, when used alongside antibiotics, could lower P. mirabilis growth and consequently lower 

resistance to antibiotics.  
 

Materials and Methods: Urine samples (n=119) were collected from Baghdad hospitals. Proteus spp was identified 

using the Vitek-2 compact system and PCR amplification of the 16SrRNA gene. Antibiotic susceptibility test was 

performed using the Vitek-2 system. The Kirby-Bauer method was used to investigate the effects of different 

concentrations of chemical compounds (Dexamethasone, Nefopam, Olfen, paracetamol and Piroxicam) alone and 

synergism with antibiotics on extensively drug resistant (XDR) isolates.  
 

Results: 35 out of the 119 urine samples tested were found to be positive for P. mirabilis. Antibiotic susceptibility 

test revealed the isolates to be resistant to minocycline (71.40%), ticarcillin (68.57%), trimethoprim/ 

sulfamethoxazole (65.70%) and ticarcillin/clavulanic (57.10%). Antibiotics in combination with Olfen (75 mg/2 ml) 

and Paracetamol (500 mg/5ml) drugs showed complete growth inhibition of P. mirabilis when compared to controls.   
 

Conclusion: Drugs dexamethasone, paracetamol, nefopam and olfen tested had no direct effect on bacterial growth 

of P. mirabilis when used alone. However, different concentrations of the drug in combination with antibiotics 

exerted a synergistic or antagonist effect on growth of P. mirabilis.  
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INTRODUCTION 
 

roteus mirabilis a member of the 

Enteriobacteriacea family, is a Gram-negative, 

facultative anaerobic, rod-shaped bacterium, 

noted for its urease production and swarming motility 

in specific ‘bulls-eye’ pattern on agar media (1). P. 

mirabilis predominantly occurs as a part of the 

microflora of human and animal gastrointestinal tract 

(2) and is an opportunistic pathogen, that causes 

infections of the gastrointestinal, urinary, and 

respiratory tracts as well as infections of the eye, ear, 

nose, skin, throat, burns, and wounds, and wounds 

(2,3). Asymptomatic bacteriuria is common, especially 

in the elderly and those with type 2 diabetes, although 

P. mirabilis can cause asymptomatic infections of the 

urinary tract, such as cystitis and pyelonephritis (4, 5). 

Urosepsis, which develops from a bacteremia, can be 

fatal in patients with these diseases. Further, urolithiasis 

(the production of urinary stones) can result from a P. 

mirabilis infection (6). P. mirablis is most noted for 

catheter associated urinary tract infection and has been 

implicated in neonatal meningoencephalitis, empyema, 

and osteomyelitis (7, 8). Several virulence factors 

including urease production, motility and adhesion 

mediated by flagella and fimbria, toxins such as 

hemolysin and Proteus toxic agglutinin, 

Lipopolysaccharide (LPS), and metal acquisition and 

biofilm development have been implicated in the 

pathogenesis of P.  mirabilis (9). It is also known to be 

resistant to several antibiotics including 

benzylpenicillin, oxacillin, tetracycline, and macrolides 

used for its treatment (10). 
   

MATERIALS AND METHODS 
 

Isolation and identification 
 

From October 2021 to February 2022, 119 urine 

samples were collected in sterilized containers from 

Baghdad Teaching Hospital, Ghazi Al- Hariri Hospital 

for Surgical Specialties and Teaching Laboratories at 

Medical City, Baghdad, Iraq. Each urine sample was 

inoculated onto MacConkey agar (Himedia/India) and 

incubated at 37oC for 24hr. Typical colonies developed 

were picked and sub-cultured on nutrient agar and 

incubated overnight at 37oC. Colonies developed were 

identified as P. mirabilis using the Gram-negative 

identification Kit (GN Kit) and by the Vitek-2 System. 

Molecular confirmation of P. mirabilis was done by 

PCR using specific 16SrRNA primers: 16SrRNA-F: 

5_AGAGTTTGATCCTGGC TCAG_3   and, 

16SrRNA-R: 5’CTACGGCTACCTT GTTACGA 3’ 

(11). 
 

Antibiotic susceptibility test using the Vitek-2 

system 
 

P. mirabilis isolates were tested for their antibiotic 

susceptibility using the Vitek-2 system. Susceptibility 

testing was done against 16 antibiotics which included 

amikacin, aztreonam, cefalexin, ceftazidime, cefepime, 

P 
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ciprofloxacin, gentamicin, imipenem, meropenem, 

minocycline, tazobactam, ticarcillin, ticarcillin/ 

clavulanic acid, tobramycin, trimethoprim, and 

piperacillin. The isolates were considered sensitive, 

intermediate or resistant based on the interpretation 

given by the Vitek-2 system. 
  

The effect of different drugs (painkiller or anti-

inflammatory) on the antibiotic susceptibility 
  

This test was performed by Kirby-Bauer method (12). 

The drugs Dexamethasone, Nefopam, Olfen, 

Paracetamol and Piroxicam were used in the 

experiment. The drugs were serial diluted separately 

using distilled water to obtain four different 

concentrations (C1-C4) as shown in Table 1.  
 

To test the effect of these drugs on P. mirabilis, fresh 

bacterial colonies were picked and inoculated onto 4 

tubes containing 2ml of nutrient broth and incubated for 

24 h at 37o C. To the overnight grown bacterial culture, 

1ml of each drug concentration was added, mixed well 

and further incubated at the same conditions. The 

bacterial growth was spread plated onto Muller Hinton 

agar plates using cotton swabs. The control tube was 

prepared in the same way but contained no drugs. The 

antibiotics disks were placed on the plates using sterile 

forceps, and further incubated for 24 h at 37oC. The 

diameter (mm) of the inhibition zone was measured and 

compared with standards as mentioned by Clinical and 

Laboratory Standards Institute (CLSI), 2021(Table 2). 
 

Effect of some drugs (painkillers and anti-

inflammatory) on bacterial growth 
 

To test the inhibitory effect of drugs on bacterial 

growth, agar well diffusion method was used. Briefly, 

the bacterial inoculum was spread on Muller Hinton 

agar plate by using cotton swabs. To wells (0.5 mm) 

made in the agar plates, 50 µl of the drug suspension 

(C1-C4) was added and then the plates incubated for 

24h at 37oC. The diameter (mm) of the inhibition zone 

was measured as mentioned previously. 
 

RESULTS  
 

Isolation and identification 
 

Of the 119 urine samples tested, 35 were found positive 

for P. mirabilis.  Preliminary identification of the 

bacterium was based on the appearance of pale colonies 

and characteristic swarming movement (bull's-eye 

pattern) on both blood and MacConkey agar (Fig.1). 

Further identification was based on biochemical tests 

typical for P. mirabilis on Vitek-2 compact system 

(Fig. 2). Molecular confirmation using 16SrRNA gene 

PCR, yielded the expected band size for P. mirabilis 

(Fig. 3).   

 

Table 1: Concentrations of each drug used in the study 
Concentration used Painkillers and 

 anti-inflammatory compounds 

used 
C4 C3 C2 C1 

20mg/16ml 20mg/8ml 20mg/4ml 20mg/2ml Nefopam (painkiller) 

500mg/40ml 500mg/20ml 500mg/10ml 500mg/5ml Paracetamol (painkiller) 

20 mg/8ml 20mg/4ml 20mg/2ml 20mg/1ml Piroxicam (anti-inflammatory) 

8mg/16ml 8mg/8ml 8mg/4ml 8mg/2ml Dexamethasone (anti-inflammatory) 

75mg/16ml 75mg/8ml 75/4ml 75mg/2ml Olfen (anti-inflammatory) 

 

 

Table 2: Zone diameter interpretation standards as per Clinical and Laboratory Standards Institute 2021 
Antimicrobial agent 

(μg/Disc) 

Diameter of zone inhibition (mm) 

Resistant Intermediate Sensitive 

 Cefotaxime (30) ≤ 22 23-25 ≥ 26 

Trimethoprim (5) ≤10 11-15 ≥16 

Meropenem (10) ≤ 19 20-22 ≥ 23 

Imipenem (10) ≤ 19 20-22 ≥ 23 

Ciprofloxacin (5) ≤ 21 22-25 ≥ 26 

Gentamicin (10) ≤ 12 13-14 ≥ 15 

Ampicillin (10) ≤ 13 14-16 ≥ 17 

Tetracycline (30) ≤ 11 12-14 ≥ 15 
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Fig. 1: Characteristic swarming motility (bull's-eye pattern) of P. mirabilis 

 

 
Fig. 2: P. mirabilis identification using Vitek-2 compact system 

 

 
Fig. 3: Molecular confirmation of P. mirabilis by PCR. 

M: 1.5kbp ladder marker, Lanes 7,40,90,99: Band showing amplification of 16srRNA gene. 
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Antibiotic susceptibility test 
 

The susceptibility of P. mirabilis isolates (n=35) was 

tested against 16 antibiotics using the Vitek-2 compact 

system and the results for each isolate interpreted based 

on the output by the system (Fig. 4).  Total results for 

all isolates showed P. mirabilis to be resistant to 

(minocycline (71.40%), followed by ticarcillin 

(68.57%), trimethoprim/sulfamethoxazole (65.70%), 

ticarcillin/clavulanic acid (57.10%), and gentamicin 

(54.28%).  Among the bacterial isolates only seven 

(20%) of the isolates were considered as extensively-

drug resistant (XDR). P. mirablis showed highest 

sensitivity to Meropenem (2.85%), followed by 

amikacin (5.70%), piperacillin/tazobactam (8.57%), 

imipenem (27.10%), ciprofloxacin (31.40%), and 

piperacillin (34.20%) (Fig. 5). Two of the isolates 

(isolate nos.90 and 99) that were extensively drug 

resistant isolates were selected for further studies. 
 

Effect of painkillers and anti-inflammatory drugs 

on bacterial growth  
 

Out of these seven (XDR) isolates two of the most 

resistant isolates were selected to test the effect of drugs 

Nefopam, Paracetamol, Piroxicam, Dexamethasone 

and Olfen by agar well diffusion method. Results 

showed that all the drugs tested, in their varying 

concentrations, had no effect or change on growth of 

the two isolates compared to the control, and presented 

the same results (Fig. 6). 

 

 
Fig. 4: Antibiotic susceptibility test for P. mirabilis using Vitek-2 system 

 

 
Fig. 5: Antibiotics resistance percentage for P. mirabilis isolates 
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Fig. 6: Agar gel diffusion test for P.mirablis growth in the presence of 

A: Paracetamol, B: Olfen, C: Piroxicam, D: Nefopam, E: Dexamethasone 
  

Combined effect of drugs and antibiotics on the 

growth and antibiotic susceptibility of P. mirabilis 
 

The growth of the tested isolates (isolate nos.90 and 99) 

was not affected by the different painkiller and anti-

inflammatory drugs used (Fig. 6). However, in 

combination with antibiotics these drugs showed 

varying effect on growth. The zones of inhibition of the 

combined drug and antibiotic in relation to control are 

presented in Table 3. As shown in Fig.7 and Table 3 P. 

mirabilis growth was inhibited when the antibiotics 

were combined with Olfen (75 mg/2ml) and 

Paracetamol (500 mg/5ml). However, the antibiotics in 

combination with drugs of varying concentrations 

showed either synergistic or antagonistic effects. 

 

 
Fig. 7: Antibiotic susceptibility test for P. mirabilis treated with 

A. Olfen (75 mg/2ml) and B. Paracetamol (500 mg/5ml) 
 

Table 3: Inhibition zone diameter (in mm) for combined effect of drugs with antibiotics 
  Concentrations 

Drugs Control Antibiotics 
C4 C3 C2 C1 

5.1 5.2 5.3 5.8 Dexamethasone  

 

4.6 

 

 

Meropenem 

 

4.9 5.4 7.1 NG Paracetamol 

5 5.1 5.5 5.7 Nefopam 

5.8 5.3 5.8 NG Olfen 

4.7 4.8 2.3 2.4 Piroxicam 

4.8 4.8 4.8 4.7 Dexamethasone  

 

 

 4.3 5.2 6.2 NG Paracetamol 
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4.2 3.9 4.5 5.2 Nefopam 4 Imipenem 

 5.3 4.6 5.2 NG Olfen 

4.3 4.3 3.9 3.7 Piroxicam 

3.5 1.7 1.3 2.5 Dexamethasone  

 

1.1 

 

 

Cefotaxime 

 

1.8 3.2 2 NG Paracetamol 

3 1 3.7 1 Nefopam 

1.7 1.3 0.8 NG Olfen 

3.6 4.2 3.2 2.8 Piroxicam 

1.2 0.8 0.8 1 Dexamethasone  

 

0.5 

 

 

Ampicillin/cloxacillin 
0.5 0.5 0.5 NG Paracetamol 

0.8 0.8 0.5 0.9 Nefopam 

0.9 1.3 0.5 NG Olfen 

0.5 1.5 1.1 1.2 Piroxicam 

4.7 2.7 2 1.9 Dexamethasone  

 

 

2.5 

 

 

Trimethoprim 

 

2.5 4.3 1.7 NG Paracetamol 

3.3 2 2.1 2.9 Nefopam 

4.8 3.8 0.8 NG Olfen 

2.7 4.8 5 5 Piroxicam 

2.4 2 2.2 2.3 Dexamethasone  

 

1.5 

 

 

Gentamicin 

 

1.6 2.5 2.3 NG Paracetamol 

2 2 2.4 1.6 Nefopam 

2.2 2.6 1 NG Olfen 

2.1 3 2.1 2 Piroxicam 

0.5 0.5 0,6 0.7 Dexamethasone  

 

2.4 

 

 

Tetracycline 

 

2.6 2.8 0.9 NG Paracetamol 

2.6 2.7 0.9 3.1 Nefopam 

1.6 1.8 0.5 NG Olfen 

0.5 0.5 1.2 1.4 Piroxicam 

4.5 4.1 4.7 4.8 Dexamethasone  

 

2.7 

 

 

Ciprofloxacin 

 

3.4 4.5 3.9 NG Paracetamol 

3.6 2.7 4.7 3.2 Nefopam 

4.9 2.9 1.4 NG Olfen 

4.7 4.6 2.9 3.3 Piroxicam 

        Control: Zone of inhibition for bacteria when tested with drugs alone 
 

DISCUSSION 
 

The prevalence of P. mirabilis isolated from urine 

samples in this study, was found to be higher than the 

prevalence reported by Treska et al., (13) and Dalia et 

al., (14). This increased prevalence for P. mirabilis 

could be attributed to hygiene, lack of contamination 

and increased multi drug resistance to antibiotics. 

P. mirabilis has the ability to confer resistance to next 

generation antibiotics through horizontal gene transfer 

(HGT), thus causing serious health problems. P. 

mirablis in this study, showed highest resistance to 

minocycline (71.4%). Minocycline is a semisynthetic 

tetracycline-derived antibiotic currently used 

systemically to treat a wide range of infections caused 

by Gram-negative and Gram-positive bacteria. 

Minocycline is primarily bacteriostatic, with a 

mechanism of action similar to other tetracycline 

antibiotics, i.e., inhibition of bacterial protein 

biosynthesis via binding to the 30S ribosomal subunit 

and inhibiting the ligation of the aminoacyl-tRNA (15). 

A study by Serry et al.,(16) reported P. mirabilis 

isolates to be completely resistant to tetracycline 

(100%). Resistance percentage for gentamicin was 

54.28% in this study, and was in line with a previous 

study (17). Gentamicin is an aminoglycoside and a 

powerful broad-spectrum antimicrobial, which are 

inhibitors of protein synthesis in prokaryotes (17). In 

contrast to the results of an earlier study (17), which 

revealed that imipenem was the most effective drug 

against P. mirabilis, this investigation only found a 

resistance percentage of 27.1%. The antibiotic 

imipenem belonging to the carbapenem group can 

penetrate the bacterial cell wall, inactivate the 

intracellular autolytic inhibitor enzymes, leading to the 

killing of the bacterial cell (18). Similarly, the lowest 

resistance percentage (2.85%) was seen for meropenem 

which also belongs to the class carbapenem which 

agrees with the results by Serry et al., (16) who also 

reported least rate of resistance to meropenem. Despite 

the synergic effect and constant pattern of Olfen  

(75mg/2ml) and Paracetamol (500 mg/5ml) other 

concentrations of drugs shown no specific pattern each 

had shown different independent effect (synergic or 

antagonistic effect) might be depending on chemical 

composition, mode of action ,interaction with each 

antibiotic and concentration of each drug which 

resulted in increasing of bacterial sensitivity to 

antibiotics (synergic effect) or decreasing  bacterial 

sensitivity to antibiotics (antagonistic effect). The drugs 

Nefopam, Paracetemol, Piroxicam, Dexamethasone, 

and Olfen, had no direct effect on bacterial growth at 

the phenotypic level when used alone, but the antibiotic 

susceptibility was slightly changed when combined 
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with each of them; the activity of antibiotics slightly 

increased were different, and each concentration of 

those drugs had a different effect on bacterial 

sensitivity towards antibiotics that was both synergistic 

or antagonistic. Our findings run counter to the study 

by Zimmermann and Curtis (19), who reported that 

diclofenac (commercially known as olfen) can inhibit 

the growth of Proteus with minimal inhibitory 

concentration (MIC) of 0.20mg/ml. In contrast, a study 

by Abbas et al., (20) showed that diclofenac had no 

significant effect or change on bacterial growth 

compared to control (20). Bacteria have diverse 

intrinsic resistance mechanisms, such as reduced 

uptake, altering a drug target, drug inactivation, and 

drug efflux, which may contribute to the disparities in 

drug activity and resistance (21, 22) observed in this 

study.  
 

CONCLUSION  
 

Drugs dexamethasone, paracetamol, nefopam and olfen 

tested had no direct effect on bacterial growth of P. 

mirabilis alone but when used with antibiotics few of 

the isolates showed synergistic effect in certain 

concentrations and increased the sensitivity of P. 

mirabilis towards antibiotics such as olfen (75mg/2ml) 

and Paracetemol (500mg/5ml), while other drugs and 

other concentrations showed different effects that was 

either synergistic or antagonistic. 
 

CONFLICTS OF INTEREST 
  

None. 
 

REFERENCES  
 

1. Adeolu, M., Alnajar, S., Naushad, S., Gupta, R.S. Genome-

based phylogeny, and taxonomy of the ‘Enterobacteriales’: 

proposal for Enterobacterales ord. nov. divided into the 

families Enterobacteriaceae, Erwiniaceae fam. nov., 

Pectobacteriaceae fam. nov., Yersiniaceae fam. nov., 

Hafniaceae fam. nov., Morganellaceae fam. nov., and 

Budviciaceae fam. nov. International Journal of Systematic 

and Evolutionary Microbiology.2016; 66(12):5575-5599. 

2. Coker, C., Poore, C. A., Li, X., Mobley, H. L. Pathogenesis of 

Proteus mirabilis urinary tract infection. Microbes and 

Infection.2000; 2(12):1497-1505 . 

3. Armbruster, C.E., Prenovost, K., Mobley, H.L.T., Mody L. 

How often do clinically diagnosed catheter-associated urinary 

tract infections in nursing home residents meet standardized 

criteria? J Am Geriatr Soc.2017; 65:395–401. 

4. Matthews, S. J., Lancaster, J. W. Urinary tract infections in the 

elderly population. The American Journal of Geriatric 

Pharmacotherapy.2011; 9(5):286-309. 

5. Papazafiropoulou, A., Daniil, I., Sotiropoulos, A., Balampani, 

E., Kokolaki, A., Bousboulas, S. et al., Prevalence of 

asymptomatic bacteriuria in type 2 diabetic subjects with and 

without microalbuminuria. BMC Research Notes.2010; 3:1-5. 

6. Schaffer, J. N., Pearson, M. M. Proteus mirabilis and urinary 

tract infections. Urinary tract infections: Molecular 

Pathogenesis and Clinical Management. 2017; 15: 383-433. 

7. Jacobsen, S. M., Stickler, D. J., Mobley, H. L., Shirtliff, M. E. 

Complicated catheter-associated urinary tract infections due to 

Escherichia coli and Proteus mirabilis. Clinical Microbiology 

Reviews. 2008; 21(1):26-59. 

8. O'Hara, C. M., Brenner, F. W., Miller, J. M. Classification, 

identification, and clinical significance of Proteus, 

Providencia, and Morganella. Clinical Microbiology 

Reviews.2000; 13(4):534-546. 

9. Norsworthy, A. N., Pearson, M. M. From catheter to kidney 

stone: the uropathogenic lifestyle of Proteus mirabilis. Trends 

in Microbiology.2017; 25(4):304-315. 

10. Stock, I. Natural antibiotic susceptibility of Proteus spp., with 

special reference to P. mirabilis and P. penneri strains. Journal 

of Chemotherapy.2003; 15(1):12-26. 

11. Al-Mudallal, N. H., Khudair, A. M., Alsakini, A. H. A. H., 

Zidane, N. A. Molecular detection and phylogenetic analysis 

of 16S RNA gene of Proteus mirabilis isolated from different 

clinical isolates in Baghdad hospitals. Biochem. Cell. Arch. 

2021; 21( 2): 4711-4717. 

12. Morello, J. A., Mizer, H. E., Granato, P. A. Laboratory manual 

and workbook in microbiology, in: Applications to patient 

care, 7 ed., The McGraw-Hill Companies, London. 2003; 15. 

13. Kamil, T. D., Jarjes, S. F. Molecular Characterization of 

Proteus spp. from patients admitted to hospitals in Erbil 

City. Polytechnic Journal.2021; 11(2):95-99. 

14. Ahmed, D. A. Prevalence of Proteus spp. in some hospitals in 

Baghdad City. Iraqi Journal of Science.2015; 56(1):665-672. 

15. Martins, A. M., Marto, J. M., Johnson, J. L., Graber, E. M. A 

review of systemic minocycline side effects and topical 

minocycline as a safer alternative for treating acne and 

rosacea. Antibiotics. 2021; 10(7):757. 

16. Serry, F. M., Gomaa, S. E., Abbas, H. A. Antimicrobial 

resistance of clinical Proteus mirabilis isolated from different 

sources.  Journal of Pharmaceutical Sciences.2018; 27(1):57-

63. 

17. Abood, S. F., Hussein, A. A., Al-Salihy, S. A. R. Retrospective 

study of bacterial infections among children under six years in 

Diyala governorate, Iraq. DYSONA- Life Science. 

2020; 1(2):76-82. 

18. Aslam, B., Rasool, M., Muzammil, S., Siddique, A. B., Nawaz, 

Z., Shafique, M.  et al., Carbapenem resistance: Mechanisms 

and drivers of global menace. Pathogenic Bacteria. Sahra 

Kırmusaoğlu, Sonia Bhonchal Bhardwaj (ed): IntechOpen, 

London, UK; 2020. 

19. Zimmermann, P., Curtis, N. Antimicrobial effects of 

antipyretics. Antimicrobial Agents and Chemotherapy. 

2017; 61(4): e02268-16. 

20. Abbas, H. A., Atallah, H., El-Sayed, M. A., El-Ganiny, A. M. 

Diclofenac mitigates virulence of multidrug-resistant 

Staphylococcus aureus. Archives of Microbiology. 2020; 

202:2751-2760. 

21. Chancey, S. T., Zahner, D., Stephens, D. S. Acquired inducible 

antimicrobial resistance in Gram-positive bacteria. Future 

Microbiology. 2012; 7(8): 959-978. 

22. Reygaert W. C. An overview of the antimicrobial resistance 

mechanisms of bacteria. AIMS Microbiology. 2018; 4(3):482-

501. 

734


