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Abstract 

 
General Background: Urinary tract infections (UTIs) remain a significant global health concern, frequently 

complicated by the rise of antimicrobial resistance (AMR) among common uropathogens. Specific 

Background: In Iraq, increasing rates of multidrug-resistant bacterial strains, particularly Escherichia coli 

and Klebsiella pneumoniae, have limited therapeutic options and complicated clinical management. 

Knowledge Gap: Despite numerous studies on global AMR, region-specific data on uropathogen prevalence 

and susceptibility profiles in northern Iraq remain scarce. Aims: This study aimed to determine the 

prevalence and antibiotic resistance patterns of bacterial isolates from UTI patients in Mosul, Iraq, to guide 

empirical treatment and inform antimicrobial stewardship. Results: Among 173 isolates, E. coli (34.7%), K. 

pneumoniae (23.1%), and Pseudomonas aeruginosa (17.3%) were predominant. The highest susceptibility 

was observed with Meropenem (95.4%) and Imipenem (92.5%), while Ciprofloxacin resistance reached 

42.2%, indicating restricted treatment options. Novelty: The study provides the most recent regional data 

on uropathogen distribution and resistance trends in Mosul, integrating microbiological surveillance with 

demographic analysis. Implications: These findings underscore the urgent need for continuous resistance 

monitoring, rational antibiotic use, and local antimicrobial stewardship programs to curb the spread of 

resistant uropathogens and improve clinical outcomes. 

Highlight : 

 
E. coli remains the leading uropathogen in UTIs, followed by K. pneumoniae and P. aeruginosa. 

  
High resistance to Ciprofloxacin (42.2%) indicates limited treatment options. 

 
Regular surveillance of antibiotic resistance is essential for effective therapy and control. 

 

 
Keywords : Ageing Population, Older Adults, Retirement, Life Transition, Demographic Changes 
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Introduction 

Resistance to antimicrobials in human pathogens worldwide has become one of the most serious threats to public health. This 

emergence has wide-ranging implications in the field of infectious disease control. The urinary tract is still one of the most 

frequent sites of bacterial infection and the appearance of antibiotic resistant strains has complicated overall clinical care and 

patient outcome [1], [2]. 

In Iraq, particularly in Mosul city, antibiotic resistance of uropathogens is one of the important health problems. The 

occurrence of multidrug resistant (MDR) isolates is also a concern especially in Escherichia coli and Enterobacteriaceae that 

are the most common pathogens associated to UTIs in this setting. These bacteria have shown high rates of resistance to 

several groups of antibiotics, greatly reducing the choice of effective drugs and substantially raising the risk for serious 

complications. This resistance is frequently ascribed to the carriage of resistance genes and the formation of biofilms, which 

shield bacteria from antibiotics [3, 4]. 

The abuse and misuse of antibiotics, both in medical treatment and on farms, played a role to the rise of drug-resistant 

bacterial strains thus making an imperative public health action [5]. Of these, overprescribing, self-medication and lack of 

regulation of distribution of antibiotics are the main culprits fuelling this resistance. Of particular concern are pathogens such 

as Pseudomonas aeruginosa, Klebsiella pneumoniae and Acinetobacter baumannii, Enterococcus faecium and Staphylococcus 

aureus along with other Enterobacter spp. and Escherichia coli which are well-known to cause many nosocomial infections 

[6]. 

Antibiotic resistance is multi-faceted and strategies to combat it must be too: from antimicrobial stewardship, infection 

prevention, to rapid diagnostics and policy enforcement. Letting the old antimicrobials continue their work, requires more 

international co-operation and investment from both public and private side [7], [8]. 

Urinary tract infection is one of the most frequent bacterial infections in the human urinary system throughout the world, and 

it is generally a consequence of the genitourinary tract colonized by microbes, especially in people with structural or 

functional abnormality [9], [10]. It relates to over seven million outpatients visits and nearly one million emergency room 

visits each year with some 100,000 admissions into hospital [11], [12]. 

Symptomatic and asymptomatic UTIs Symptomatic versus asymptomatic UTI may be distinguished. Symptomatic infections 

are those causing significant bacteriuria and accompanied by symptoms, such as dysuria, urgency or flank pain, may be 

associated with inflammation of the bladder (cystitis) or kidneys (pyelonephritis). Asymptomatic bacteriuria, however, is 

described as a condition in which there are detectable amounts of bacteria in the urine without any symptoms [13]. 

The antibiotic resistance problem in the low-resource setting, to which some Iraqi regions may belong, is further complicated 

by a weak medical infrastructure, availability of counterfeit drugs and antibiotics misuse without a prescription. Antimicrobial 

resistance patterns can differ widely among bacterial species, antibiotic groups, geographical reasons and between hospitals 

[14]. 

A significantly increasing trend of resistance among uropathogens was reported in Nineveh, Iraq, where E. coli strains were 

the most resistant during a study period of 5 years [15]. In view of these disturbing trends, frequent evidence based 

surveillance is essential in order to monitor resistance pattern and implement rational empirical therapy [16]. 

The objectives of the present study are to determine the prevalence and antibiotic resistance profile pattern of bacterial 

isolates from patients with UTI in Mosul, Iraq. It aims to translate these findings and uncover the mechanisms behind 

resistance to guide clinicians when prescribing antibiotics, as well as inform policy makers and industry by providing a profile 

of resistant uropathogens and outline strategies for combating the rise in multidrug-resistant uropathogens. 

 

Methodology 

The current study was carried out to determine prevalence of bacterial uropathogens and their antibiotic susceptibility in the patients who 

presented in Ibn Sina Teaching Hospital, Mosul, Iraq from July to September 2024. A total of 173 patients, including 100 men and 73 women, 

whose ages ranged from 20 to 70 years were recruited. Patients were included based on clinical evidence of urinary tract infection (UTI), and 

midstream urine samples in a sterile container were collected for analysis within 2 hours. Standard culture methods were used, and a 1 μL loop 

(calibrated) was used to inoculate the urine onto three different agars: UriSelect 4 agar (a non-selective chromogenic medium that distinguishes 

Gram-negative pathogens),MacConkey (non-inhibitory selective cresol red agar with lactose for GNB), and 5% sheep blood agar(non-selective 

general purpose medium not inhibiting growth). The culture plates were aerobically incubated for 24 h at 35–37°C. Bacterial growth was 

examined for colony morphology and Gram color, and additional identification was made by biochemical tests or medium-dependent features. 

Entry criteria were clinical diagnosis of UTI where urine culture and sensitivity was indicated, recurrent UTIs (with or without history of 

antibiotic use), and both male/female patients of all ages. Patients recently hospitalized (within the last two months), urinary catheterized, 

received antibiotics within 2 weeks, structural urinary anomalies or having a diagnosis other than UTIs such as urinary tuberculosis or 

nosocomial infections were lowed to enter. Those who were unwilling to participate were also excluded. All patients received both urine culture 

and antibiotic susceptibility testing during the study period. Antimicrobial susceptibility testing began with 21 antibiotics, based on the 

availability and UTI-prescribing patterns in Hanzhong. Antibiotic discs were placed using standardized concentrations (µg) and interpreted 

according to the guidelines of CLSI. This is a part of a whole program designed to provide updated regional data on uropathogen distribution 

and resistance patterns for appropriate empirical treatment plans. (Table 1) 
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Table 1: Antibiotic Symbol Table with Concentrations and Codes Used in the Current Study 

No 
Antibiotic Concentration 

(μg) 

Code 

1.  Amikacin 30 AMK 

2.  Co-amoxiclave (Amoxicillin/Clavulanic Acid) 30 CA 

3.  Cefotaxime 30 CTX 

4.  Cefalothin 30 CFN 

5.  Cephalexin 30 CFX 

6.  Cephadroxil 30 CPX 

7.  Cefepime 30 FEP 

8.  Cefaclor 30 CCL 

9.  Ciprofloxacin 5 CIP 

10.  Cotrimoxazole (Trimethoprim-Sulfamethoxazole) 25 TMP-SMX 

11.  Gentamicin 10 GEN 

12.  Imipenem 10 IMP 

13.  Meropenem 10 MEM 

14.  Nalidixic Acid 30 NA 

15.  Nitrofurantoin 30 NIT 

16.  Ofloxacin 5 OFX 

17.  Ampicillin-Cloxacillin 20 ACL 

18.  Ceftriaxone 30 CRO 

19.  Levofloxacin 5 LVX 

20.  Norfloxacin 10 NOR 

21.  Streptomycin 10 STR 

• The concentration of each antibiotic employed in the disk diffusion method is shown in the Concentration (μg) column. 

• Each antibiotic is given a standardized abbreviation in the Code column that you can use for convenient reference in your research. 

Analysis of statistics  

The Statistical Package for the Social Sciences (SPSS) version 24 was used for analysis after current study  administered the data using Microsoft 

Excel 2013. Using  frequency and percentage to represent categorical variables. On the other hand, mean ± SD was used to represent continuous 

variables. For the non-parametric data frequencies, a chi-square test was engaged. A one-way ANOVA and a paired t-test were used to assess 

Escherichia coli antibiotic susceptibility and resistance. Using Tukey's post hoc analysis, the differences in values were deemed significant when 

the P-value was less than 0.001, 0.05, and 0.01. When using a Chi-square test, a P-value < 0.05 was regarded as a statistically significant 

difference. 

Result 

Sociodemographic Features of Research Participants 

There were 173 patients enrolled in the study, with a mean age of 45.3 years (± 15.4). Among the total population, males constituted 57.8%, while 

females accounted for 42.2%. The majority of participants (63.5%) were from rural areas. Regarding employment status, 40.5% of the patients 
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were unemployed, 46.2% were employed, and 13.3% were students. In terms of educational level, 26.0% of the participants had completed 

primary education, 52.0% had completed secondary education, and 11.5% had no formal education, as shown in table 2. 

Table 2: Socio-Demographic Appearances of Study Patients 

Characteristic Total Patients (N = 173) Male (N = 100) Female (N = 73) 

Age (Years) 

   

Mean ± SD 45.3 ± 15.4 46.1 ± 14.7 43.9 ± 16.3 

Age Range 20 - 70 20 - 70 20 - 68 

Gender 

   

Male 100 (57.8%) 100 (100%) - 

Female 73 (42.2%) - 73 (100%) 

P- value  0.000*** 

Residence 

   

Rural 110 (63.5%) 65 (65%) 45 (61.6%) 

Urban 63 (36.5%) 35 (35%) 28 (38.4%) 

P- value  0.000** 

Occupation 

   

Unemployed 70 (40.5%) 45 (45%) 25 (34.2%) 

Employed 80 (46.2%) 50 (50%) 30 (41.1%) 

Student 23 (13.3%) 5 (5%) 18 (24.7%) 

P- value  0.000** 

Educational Level 

   

No Formal Education 20 (11.5%) 10 (10%) 10 (13.7%) 

Primary 45 (26.0%) 30 (30%) 15 (20.5%) 

Secondary 90 (52.0%) 50 (50%) 40 (54.8%) 

Higher Education 18 (10.4%) 10 (10%) 8 (10.9%) 

 0.000** 
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Figure 1: Socio-Demographic Appearances of Study Patients 

This figure 1 provides a visual representation of the sociodemographic characteristics of the study participants, including age, gender, residence, 

occupation, and educational level, highlighting key differences between male and female participants and their respective backgrounds. 

Occurrence of Uropathogens Between Urinary Isolates 

The most prevalent urinary pathogens isolated from urine samples are prepared down in this table 3 . Escherichia coli accounted for 34.7% of the 

isolates, making it the most common. 

Table 3: Occurrence of Uropathogens Among Urinary Isolates 

Uropathogen Number of Isolates (N) Percentage 

Escherichia coli 60 34.7% 

Klebsiella pneumoniae 40 23.1% 

Pseudomonas aeruginosa 30 17.3% 

Proteus mirabilis 20 11.5% 

Staphylococcus saprophyticus 10 5.8% 

Enterococcus faecalis 8 4.6% 

Others 5 2.9% 

P. value  0.000** 
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Figure 2: Occurrence of Uropathogens Between Urinary Isolates 

Figure 2 illustrates the distribution of the most prevalent uropathogens isolated from urine samples, with Escherichia coli being the most 

frequent, followed by Klebsiella pneumoniae and Pseudomonas aeruginosa. 

Susceptibility of Antibiotic  

By investigative their patterns of antibiotic susceptibility, the resistance outlines of the bacterial isolates from the research participants were 

controlled. The results demonstrate varying levels of susceptibility and resistance to commonly used antibiotics. Escherichia coli showed a high 

level of susceptibility to Meropenem (95.4%) and Imipenem (92.5%), based on patterns of antibiotic susceptibility  . Co-amoxiclave (80.9%) and 

cefotaxime (75.1%) demonstrated moderate susceptibility  . 

The data highlights how important it is to routinely monitor for antibiotic susceptibility in order to advise the appropriate course of action. 

Ciprofloxacin resistance was much higher (42.2%), indicating a concerning tendency in antibiotic resistance as showed in table 4. 

Table 4: Antibiotic Susceptibility Patterns of Bacterial Isolates 

Antibiotic Susceptible 

(N = 173) 

Resistant 

(N = 173) 

% Susceptible % Resistant 

Amikacin 150 23 86.7% 13.3% 

Co-amoxiclave 

(Amoxicillin/Clavulanic Acid) 

140 33 80.9% 19.1% 

Cefotaxime 130 43 75.1% 24.9% 

Ciprofloxacin 100 73 57.8% 42.2% 

Gentamicin 120 53 69.4% 30.6% 

Imipenem 160 13 92.5% 7.5% 

Meropenem 165 8 95.4% 4.6% 

Ceftriaxone 135 38 78.0% 22.0% 

Nitrofurantoin 110 63 63.6% 36.4% 

Levofloxacin 125 48 72.3% 27.7% 
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Figure 3: Antibiotic Susceptibility Patterns 

This figure 3 presents the antibiotic resistance profiles of the bacterial isolates from the study, showing varying susceptibility levels to commonly 

used antibiotics, with Meropenem and Imipenem demonstrating the highest effectiveness. 

Influences of Escherichia coli Antibiotic Susceptibility and Resistance in Urine Cultures 

The analysis shows that Escherichia coli is highly susceptible to imipenem (92.5%) and Meropenem (95.4%). At 80.9% and 75.1%, respectively, 

co-amoxiclave and cefotaxime also showed good susceptibility rates. \ Ciprofloxacin resistance was found to be alarming, with 42.2% of isolates 

exhibiting resistance, indicating a pattern of rising antibiotic resistance as seen in table 5. 

Table 5: Determinants of Escherichia coli Antibiotic Susceptibility and Resistance in Urine Cultures 

Antibiotic Susceptible 

(N) 

Resistant (N) % Susceptible % Resistant 

Amikacin 150 23 86.7% 13.3% 

Co-amoxiclave 

(Amoxicillin/Clavulanic Acid) 

140 33 80.9% 19.1% 

Cefotaxime 130 43 75.1% 24.9% 

Ciprofloxacin 100 73 57.8% 42.2% 

Gentamicin 120 53 69.4% 30.6% 

Imipenem 160 13 92.5% 7.5% 

Meropenem 165 8 95.4% 4.6% 

Nitrofurantoin 110 63 63.6% 36.4% 

Levofloxacin 125 48 72.3% 27.7% 

Ceftriaxone 135 38 78.0% 22.0% 
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Figure 4: Influences of Escherichia coli Antibiotic Susceptibility and Resistance in Urine Cultures 

This figure specifically highlights the antibiotic susceptibility and resistance patterns of Escherichia coli, a key finding that demonstrates the 

challenges in treating UTIs due to rising resistance rates, particularly to Ciprofloxacin. 

 

Discussion 

The demographic characteristics of the study participants may influence both the generalizability and interpretation of the 

findings. The study included 173 patients with a mean age of 45.3 years (±15.4), of whom 57.8% were male and 42.2% were 

female. A majority (63.5%) resided in rural areas, which may affect healthcare accessibility and participation in clinical trials, 

as rural populations often face barriers such as distance from healthcare facilities and limited resources. Regarding 

employment status, 46.2% were employed, 40.5% unemployed, and 13.3% were students. As for educational level, 26.0% had 

completed primary school, 52.0% had completed secondary education, while 11.5% had no formal education, highlighting the 

impact of education on health awareness and access to medical care [17], [18]. In comparison, other studies have reported 

different gender distributions, such as a chronic disease survey where 87.5% of participants were female, suggesting possible 

gender-related predispositions in certain conditions [19]. Similarly, a study by [20], emphasized the importance of residence, 

employment, and education as social determinants affecting health outcomes and clinical engagement. In terms of 

microbiology, Escherichia coli remains the predominant uropathogen in UTIs, accounting for 37.3% to 76.28% of isolates in 

different series [21]. 

Other notable isolates include Pseudomonas aeruginosa (8.4–17.3%), and Klebsiella pneumoniae, each necessitating targeted 

treatment strategies. Despite E. coli being the most common, the emergence of resistant strains such as Klebsiella and 

Pseudomonas demands broader antimicrobial planning. This study also aligns with previous findings reporting E. coli as the 

leading uropathogen, followed by K. pneumoniae, as seen in Duhok Province [22]. A meta-analysis by noted a rising trend in 

drug-resistant E. coli from diverse sources. Concerning antimicrobial susceptibility, Ciprofloxacin demonstrated the highest 

resistance, while Meropenem and Imipenem showed the highest susceptibility, confirming their role as last-resort treatments 

[23].The mechanisms of resistance, including acquired resistance via plasmids, bacteriophages, or integrons, are well-

documented in Gram-negative bacteria [24]. Regional data from Nasiriyah showed high resistance to Ampicillin (95%) and 

Amoxicillin-Clavulanate (80%), with low resistance to Imipenem (5%) and Meropenem (10%) [25] .Similarly, Iraqi hospital 

studies found Staphylococcus aureus to be highly resistant to penicillins  [26]. Despite the high resistance rates to antibiotics 

such as Cefepime, the study emphasizes the need for effective antimicrobial stewardship, surveillance, and alternative 

therapeutic strategies to mitigate risks associated with resistant pathogens in Iraq [27]. 

 

Conclusion 

The results of this study indicated the need for continuous monitoring of uropathogens, especially E. coli which is still the 

predominant uropathogen in UTI episodes. The good susceptibility of E. coli to Meropenem and Imipenem coupled with the 

moderate sensitivity to Co-amoxiclave and Cefotaxime, well justifies use of these antibiotics in UTIs. But the high resistance 

rate of Ciprofloxacin (42.2%) reflects already a growing problem on treating UTIs. These results underscore the importance of  

establishing antimicrobial stewardship programs, updated surveillance of antibiotic drug susceptibility data and clinical 

specimen collection to guide treatment in order to address the increased risk due to the spread of AMR. The prevalence 

proportions indicate that E. coli remains the predominant etiologic agent of UTIs and are followed by K. pneumoniae, and P. 

aeruginosa which have also displayed a high rate of susceptibility to various antibiotics. This highlights the increased demand 

for new therapeutic approaches and secondary lines of treatment (vaccines, bacteriophage therapy) to fight wRUs. The study 

also highlights the need to address social determinants of health which includes education, healthcare access and misuse of 

antibiotics that are critical for resistance emergence and spread. 
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