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ABSTRACT 

Urinary tract infections (UTIs), mainly caused by Escherichia coli, are a major health concern, affecting over 150 million 

people globally each year, with a lifetime prevalence of 40-50% among females. This study, conducted from May 1, 2023, 

to February 29, 2024, in three hospitals in Kirkuk City, aimed to assess the frequency of multidrug-resistant (MDR) bacteria 

in UTI patients and examine the effect of seasonal variation. A total of 250 patients aged 17-78 were enrolled, with 110 

confirmed UTI cases. Bacterial identification and antibiotic susceptibility testing were performed using the VITEK2 system 

and the disk diffusion method. Results showed a higher incidence of UTIs during the summer months, likely due to 

dehydration and increased bacterial growth. E. coli was the most common pathogen (39.1%), followed by Klebsiella spp. 

(22.7%) and Proteus mirabilis (14.5%), all exhibiting significant multidrug resistance. The findings highlight a seasonal 

pattern in UTIs, particularly among females, with higher prevalence in warmer months. 
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Introduction 

UTIs are associated with increased morbidity, mortality, and treatment costs, in addition to being among the most prevalent bacterial 

infections in community healthcare settings (1, 2). Escherichia coli is the most frequently isolated uropathogen; however, Klebsiella, 

Staphylococcus, Enterococcus, Enterobacter, and Citrobacter are also commonly implicated (1, 3). Recent research indicates that Gram-

negative bacteria are the primary cause of UTIs (4). Globally, over 150 million cases are recorded annually (5, 6). Uropathogenic E. 

coli (UPEC) strains possess multiple virulence factors including fimbrial and afimbrial adhesins, toxins, siderophores, and capsular 

polysaccharides that facilitate bacterial adhesion and infection within the urinary tract (7, 8). Clinical studies have highlighted a notable 

prevalence of antibiotic resistance among uropathogens (9-11). The excessive use of antibiotics is considered the primary driver behind 

the rise of multidrug-resistant (MDR) UPEC isolates (12). 

The emergence of MDR UPEC is increasingly observed in both hospital and community settings, with MDR-UPEC strains reported in 

68% of hospitalized patients and 61% of community-acquired UTI cases (13-15). Contributing factors include inappropriate antibiotic 

use, limited laboratory infrastructure, and insufficiently trained healthcare personnel, particularly in resource-limited facilities (16). The 

spread of MDR strains leads to recurrent UTIs, complications such as pyelonephritis with sepsis and preterm birth, and increased 

morbidity and mortality (17, 18). 
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Urine culture and antibiogram results typically require up to four days; therefore, empirical antibiotic therapy is often initiated before 

culture outcomes are available, given the complex clinical manifestations of UTIs (19-21). While the prevalence of multidrug-resistant 

UPEC slightly declined in the United States between 2016 and 2020, resistance to penicillin and co-resistance to penicillin and 

trimethoprim-sulfamethoxazole (TMP-SMX) remain concerning (22). Despite rising multidrug resistance over the past two decades, 

contemporary data on UPEC resistance patterns remain limited (23, 24). The increased use of broad-spectrum antibiotics reduces 

treatment options and contributes to higher treatment failure, morbidity, healthcare costs, and hospitalization rates (25). 

Studies have also reported seasonal trends in UTI incidence. Adults, particularly females, exhibit higher susceptibility during summer, 

while children are more prone in winter months (26, 27). The seasonal pattern is most evident in younger adults due to behavioral 

changes in warmer months, whereas it is less prominent in individuals over 70, a group with generally higher UTI prevalence (28). This 

study aimed to (i) determine the prevalence of multidrug-resistant bacteria among individuals with UTIs and (ii) analyze the effect of 

seasonal variation on the incidence of UTIs caused by multidrug-resistant bacteria. 

Methods 

Sample Collection and Bacterial Isolation 

The study was conducted from May 1, 2023, to February 29, 2024, including 250 patients under medical supervision at Azadi 

Teaching Hospital, Kirkuk General Hospital, and Gynecology and Pediatric Hospital in Kirkuk City. Patient information such as age, 

gender, marital status, education level, pregnancy status, symptoms, menstrual cycle, and medical history was collected. Participants 

were aged 17-78 and presented with symptoms including fever, back and abdominal pain, hematuria, vomiting, foul-smelling urine, 

dysuria, and frequent urination. 

Patients were required to abstain from antibiotics for three days prior to urine sample collection. Samples were collected in sterile 

containers, inoculated onto Nutrient, MacConkey, and Blood agar plates, and incubated at 37°C for 48 hours. Bacterial isolates were 

identified using Gram staining, standard biochemical tests, and confirmed via the VITEK-2 compact system. Monthly UTI incidence 

was recorded to evaluate seasonal trends. 

Antimicrobial Susceptibility Testing 

The Kirby-Bauer disk diffusion method was used following Clinical and Laboratory Standards Institute (CLSI) guidelines (29). 

Twelve antibiotics were tested: ciprofloxacin, trimethoprim-sulfamethoxazole, nitrofurantoin, ampicillin, amoxicillin/clavulanic acid, 

tetracycline, ceftriaxone, gentamicin, cefuroxime, and cephalexin. Bacterial suspensions were prepared in 0.9% saline to match 

McFarland turbidity standards, and antibiotic discs were applied. Zones of inhibition were measured in millimeters and isolates 

resistant to three or more antibiotic classes were classified as multidrug-resistant (MDR). 

Results and Discussion 

Out of 250 participants, 110 (44%) were confirmed to have UTIs. Table 1 illustrates the monthly and seasonal variations in UTI incidence 

from May 2023 to February 2024. 

Table 1. Seasonal fluctuation in the frequency of UTI incidents during the investigative period.   

Month UTI among the number of isolates Percentage% 

May 10 9 

June 14 12.70 

July 22 20 

August 19 17.30 

September 8 7.30 

October 11 10 

November 7 6.40 

December 8 7.30 
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January 5 4.55 

February 6 5.45 

Total 110 100 

The results of this study are consistent with previous research demonstrating a clear association between elevated temperatures and 

increased urinary tract infection (UTI) prevalence, particularly among females (30, 31). A notable peak in UTI cases occurred during 

the summer months, which may be attributed to factors such as dehydration. Reduced urine output during dehydration can limit the 

expulsion of urinary pathogens, increasing susceptibility to UTIs (32). Additionally, warm weather may cause the perineum to remain 

moist, facilitating bacterial migration from the rectum to the urethra, as supported by other studies (33, 34). 

UTIs are caused by a variety of bacterial species, with uropathogenic Escherichia coli (UPEC) responsible for 80-90% of cases 

worldwide (35). In this study, E. coli was the most prevalent pathogen, accounting for 39.09% of isolates, consistent with previous 

reports (36-39). Other bacterial isolates included Klebsiella spp. (22.73%), Proteus mirabilis (14.55%), and Staphylococcus aureus 

(8.18%). Pseudomonas aeruginosa and Streptococcus spp. each accounted for 6.36%, while Shigella spp. showed the lowest occurrence 

at 2.73%. These findings align closely with results from local studies (40, 41). 

Table 2. Illustrates the distribution of bacterial isolates causing urinary tract infections from the total number of positive growth 

samples.  

UTI bacterial isolates NO. of Isolates Percentage 

Escherichia coli 43 39.091% 

Klebsiella spp. 25 22.727% 

Proteus mirabilis 16 14.545% 

Staphylococcus aureus 9 8.181% 

Pseudomonas aeruginosa 7 6.363% 

Streptococcus spp. 7 6.363% 

Shigella spp. 3 2.727% 

Total 110 100% 

The findings of this study revealed that different bacterial species exhibited varying degrees of resistance to multiple antibiotics, as 

shown in Table 3. Escherichia coli demonstrated resistance to ciprofloxacin, tetracycline, trimethoprim-sulfamethoxazole, and 

ceftazidime. Klebsiella spp. showed resistance to amoxicillin/clavulanic acid, trimethoprim-sulfamethoxazole, and vancomycin. 

Proteus mirabilis was resistant to amoxicillin/clavulanic acid, ciprofloxacin, and tetracycline, while Staphylococcus aureus exhibited 

resistance to amoxicillin/clavulanic acid, vancomycin, and ampicillin. Pseudomonas aeruginosa showed resistance to ceftriaxone, 

gentamicin, and piperacillin, whereas Streptococcus spp. and Shigella spp. were resistant to cefuroxime and cephalexin. These results 

are consistent with previous studies (42-44). Overall, these findings underscore the critical importance of accurate antibiotic 

susceptibility testing in addressing the growing issue of multidrug-resistant (MDR) UTIs. Effective management of MDR UTIs requires 

consideration of patient-specific factors, rapid diagnostic testing, and awareness of local resistance patterns to optimize treatment 

outcomes. 

Table 3. illustrates Antibiotic Resistance Profiles of Various Bacterial Species 

Bacteria Species Resistant Antibiotics 

Escherichia coli  

Ciprofloxacin 

Tetracycline 

Trimethoprim-sulfamethoxazole 

Ceftazidime 

Klebsiella spp.  

Amoxicillin/clavulanic acid 

Trimethoprim-sulfamethoxazole 

Vancomycin 

Proteus mirabilis  Amoxicillin/clavulanic acid 



Tina Artam  Ali  / NTU Journal of Pure Sciences (2025) 4 (4): 40- 45  

 

 

 
Published by: Northern Technical University, Iraq   43 

Ciprofloxacin 

Tetracycline 

Staphylococcus aureus  

Amoxicillin/clavulanic acid 

Vancomycin 

Ampicillin 

P. aeruginosa  

Ceftriaxone 

Gentamicin 

Piperacillin 

Streptococcus spp.  

cefuroxime 

cephalexin 

Shigella spp.  

cefuroxime 

cephalexin 

Conclusion 

The observed seasonal peak in urinary tract infection (UTI) cases during the summer months indicates a strong correlation between 

elevated temperatures and increased UTI incidence, particularly among females. Escherichia coli was identified as the primary 

pathogen, followed by Klebsiella spp., Proteus mirabilis, and Staphylococcus aureus. Further research into the mechanisms by which 

temperature influences UTI prevalence, as well as the dynamics of pathogen distribution, is warranted to improve understanding and 

inform effective preventive strategies against UTIs.  

Conflict of Interest 

The authors declare that there is no competing of interests. 

References 

[1]  Ali, F. F. (2020). Detection of Biofilm Formation and Antibiotics Resistance for Streptococcus Spp. Isolated from Some Dairy 

Products in Diwanyah City of Iraq. Al-Mustansiriyah Journal of Science, 31(4), 28-35. 

[2]  Ali, F. F., Allu, M. A., Assafi, M. S., & Al-Berfkani, M. I. (2020). The frequency of the pathogenic bacteria isolated from different 

clinical samples in Duhok, Iraq. 

[3]  Kabugo D., Kizito S., Ashok D.D., Kiwanuka A.G., Nabimba R., Namunana S., Najjuka F.C. Factors associated with community-

acquired urinary tract infections among adults attending assessment centre, Mulago Hospital Uganda. Afr. Health Sci. 

2016;16:1131–1142.  

[4]  Niranjan V., Malini A., Antimicrobial resistance pattern in Escherichia coli causing urinary tract infection among inpatients. 

Indian J Med Res. 2014;139:945–8.  

[5]  Mishra M.P., Debata N.K., Padhy R.N., Surveillance of multidrug resistant uropathogenic bacteria in hospitalized patients in 

Indian. Asian Pac J Trop Biomed. 2013;3:315–24.  

[6]  Momtaz H., Karimian A, Madani M, Safarpoor Dehkordi F, Ranjbar R, Sarshar M, et al. Uropathogenic Escherichia coli in Iran: 

Serogroup distributions, virulence factors and antimicrobial resistance properties. Ann Clin Microbiol Antimicrob. 2013;12:8.    

[7]  Tiba M.R., Yano T., Leite Dda S.. Genotypic characterization of virulence factors in Escherichia coli strains from patients with 

cystitis. Rev Inst Med Trop Sao Paulo. 2008;50:255–60.   

[8]  Asadi S., Kargar M., Solhjoo K., Najafi A., Ghorbani-Dalini S., The association of virulence determinants of uropathogenic 

Escherichia coli with antibiotic resistance.  

[9]  Jundishapur J Microbiol. 2014;7:e9936.  

[10]  Soltani R, Ehsanpoor M, Khorvash F, Shokri D. Antimicrobial susceptibility pattern of extended-spectrum β-lactamase-

producing bacteria causing nosocomial urinary tract infections in an Iranian referral teaching hospital. J Res Pharm Pract. 

2014;3:6– 11.   

[11]  Sedighi M., Salehi-Abargouei A., Oryan G., Faghri J., Epidemiology of VIM-1imipenem resistant Pseudomonas aeruginosa in 

Iran: A systematic review and metaanalysis. J Res Med Sci. 2014;19:899–903.   



Tina Artam  Ali  / NTU Journal of Pure Sciences (2025) 4 (4): 40- 45  

 

 

 
Published by: Northern Technical University, Iraq   44 

[12]  Baral P., Neupane S., Marasini B.P., Ghimire K.R., Lekhak B., Shrestha B., High prevalence of multidrug resistance in bacterial 

uropathogens from Kathmandu, Nepal. BMC Res Notes. 2012;5:38.   

[13]  Miles T.D., McLaughlin W., Brown P.D., Antimicrobial resistance of Escherichia coli isolates from broiler chickens and humans. 

BMC Vet Res. 2006;2:7.   

[14]  Dyar O.J., Hoa N.Q., Trung N.V., Phuc H.D., Larsson M., Chuc N.T., et al. High prevalence of antibiotic resistance in commensal 

Escherichia coli among children in rural Vietnam. BMC Infect Dis. 2012;12:92.   

[15]  Linhares I., Raposo T., Rodrigues A., Almeida A., Frequency and antimicrobial resistance patterns of bacteria implicated in 

community urinary tract infections: A tenyear surveillance study (2000-2009) BMC Infect Dis. 2013;13:19.  

[16]  Silago V., Moremi N., Mtebe M., Komba E., Masoud S., Mgaya F.X., Mirambo  

[17]  M.M., Nyawale H.A., Mshana S.E., Matee M.I., Multidrug-Resistant Uropathogens  

[18]  Causing Community Acquired Urinary Tract Infections among Patients Attending Health Facilities in Mwanza and Dar es 

Salaam, Tanzania. Antibiotics (Basel). 2022 Nov 29;11(12):1718.  

[19]  Dehbanipour R., Rastaghi S., Sedighi M., Maleki N., Faghri J., High prevalence of multidrug-resistance uropathogenic 

Escherichia coli strains, Isfahan, Iran. J Nat Sci Biol Med. 2016 Jan-Jun;7(1):22-6.  

[20]  Mori R., Lakhanpaul M., Verrier-Jones K., Diagnosis and management of urinary tract infection in children: Summary of NICE 

guidance. BMJ. 2007;335:395–7.  

[21]  Subcommittee on Urinary Tract Infection, Steering Committee on Quality Improvement and Management, Roberts KB. Urinary 

tract infection: Clinical practice guideline for the diagnosis and management of the initial UTI in febrile infants and children 2 

to 24 months. Pediatrics. 2011;128:595–610.  

[22]  Hooton T.M., Clinical practice. Uncomplicated urinary tract infection. N Engl J Med. 2012;366:1028–37.  

[23]  Gupta K., Hooton T.M., Naber K.G., Wullt B., Colgan R., Miller L.G., et al. International clinical practice guidelines for the 

treatment of acute uncomplicated cystitis and pyelonephritis in women: A 2010 update by the Infectious Diseases Society of 

America and the European Society for Microbiology and Infectious Diseases. Clin Infect Dis. 2011;52:e103–20.   

[24]  Lo D.S., Shieh H.H., Ragazzi S.L., Koch V.H., Martinez M.B., Gilio AE., Community-acquired urinary tract infection: Age and 

gender-dependent etiology. J Bras Nefrol. 2013;35:93–8.  

[25]  Ku J.H., Bruxvoort K.J., Salas S.B., et al., Multidrug Resistance of Escherichia coli From Outpatient Uncomplicated Urinary 

Tract Infections in a Large United States Integrated Healthcare Organization, Open Forum Infectious Diseases, Volume 10, Issue 

7, July 2023, ofad287  

[26]  Niranjan V., Malini A., Antimicrobial resistance pattern in Escherichia coli causing urinary tract infection among inpatients. Ind 

J Med Res 2014; 139:945–8.  

[27]  Dehbanipour R., Rastaghi S., Sedighi M., Maleki N., Faghri J., High prevalence of multidrug-resistance uropathogenic 

Escherichia coli strains, Isfahan, Iran. J Nat Sci Biol Med 2016; 7:22–6.  

[28]  Johnson K.L., Dumkow L.E., Salvati L.A., Johnson K.M., Yee M.A., Egwuatu N.E., Comparison of diagnosis and prescribing 

practices between virtual visits and office visits for adults diagnosed with uncomplicated urinary tract infections within a primary 

care network. Infect Control Hosp Epidemiol 2021; 42:586–91.  

[29]  Kaye K.S., Gupta V., Mulgirigama A., et al.  Antimicrobial resistance trends in urine Escherichia coli isolates from adult and 

adolescent females in the United States from 2011–2019: rising ESBL strains and impact on patient management. Clin Infect 

Dis 2021; 73:1992–1999.  

[30]  Hsu PC, Lo YC, Wu PY, Chiu JW, Jeng MJ. The relationship of seasonality and the increase in urinary tract infections among 

hospitalized patients with spinal cord injury. Journal of the Chinese Medical Association : JCMA. 2019 May;82(5):401-406.  

[31]  Rosello A., Pouwels K.B., Domenech D.E.C.M. et al.: Seasonality of urinary tract infections in the United Kingdom in different 

age groups: longitudinal analysis of The Health Improvement Network (THIN). Epidemiol Infect,  2018;146: 37.  

[32]  Clinical and Laboratory Standards Institute (CLSI - formerly NCCLS). 2012. Performance Standards for Antimicrobial 

Susceptibility Testing, Nineteenth Informational Supplement. M100-S22. CLSI, Wayne, PA 

[33]  Beetz R., Mild dehydration: a risk factor of urinary tract infection? European Journal of Clinical Nutrition ;2003.57(2), 52–58.  

[34]  Fletcher B.A., et al. Association of summer temperatures with hospital admissions for renal diseases in New York state: a case-

crossover study. American Journal of Epidemiology. 2012;175(9), 907–916.  

[35]  Simmering J.E., Cavanaugh J.E., Polgreen L.A., Polgreen P.M., Warmer weather as a risk factor for hospitalisations due to 

urinary tract infections. Epidemiol Infect. 2018 Feb;146(3):386-393.  

[36]  Rossignol L., Pelat C., Lambert B., Flahault A., Chartier-Kastler E., Hanslik T., A method to assess seasonality of urinary tract 

infections based on medication sales and google trends.PLoS One20138e76020.  

[37]  Anderson J.E." Seasonality of symptomatic bacterial urinary infections in women", J Epidemiol Community Health, 37(4): 286-

290, 1983.  

[38]  Freeman J.T., Anderson D. J. and Sexton D.J. "Seasonal peaks in Escherichia coli infections: possible explanations and 

implications" Clin Microbiol Infect, 15(10):951953, 2009.  



Tina Artam  Ali  / NTU Journal of Pure Sciences (2025) 4 (4): 40- 45  

 

 

 
Published by: Northern Technical University, Iraq   45 

[39]  Ardakani M.A., Ranjbar R. Molecular typing of uropathogenic E. coli strains by the ERIC-PCR method. Electron Physician. 

2016;8(4):2291-6.  

[40]  Tawfeeq A.A., Prevalence and antimicrobial sensitivities of Uropathogenic bacteria in a group of patients in Kirkuk city. AL- 

Taqani , Vol . 27 , No 2 , 2014.  

[41]  Raheem T.F., Ali S.A.H.,  Prevalence and Multi-Drug Resistance Patterns of Uropathogenic E.coli isolated from Women Patients 

in Kirkuk city, Iraq. Iran J Med Microbiol 2022, 16(6): 609-614.  

[42]  Al-HassoM.Z., Al- Sharifi N.A., Antimicrobials Sensitivity of Gram- Positive and Gram- Negative Bacteria Isolated from 

Urinary Tract Infections in Mosul City. Kirkuk University Journal /Scientific Studies (KUJSS) Volume 12, Issue 3, June 2017. 

ISSN 1992 – 0849.  

[43]  Freeman J.T., Anderson D. J. and Sexton D.J. "Seasonal peaks in Escherichia coli infections: possible explanations and 

implications" Clin Microbiol Infect, 15(10):951953, 2009.  

[44]  Saleh M.S.,  Evaluation of Urine Cultures of Adult Patients; Data from Erbil. T.C.  Sakarya University Institute of Health Science. 

Thesis was accepted on 18/06/ 2021.  


