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Abstract 

Background and Objectives: Escherichia coli considered most important cause of Urinary 
tract the assessment of antimicrobial susceptibility is essential for establishing the extent of the 
issue and choosing suitable antimicrobial agents. The current study aimed to map the spread of 
UroPathogenic E. coli (UPEC) based on genetic profiles and identify resistance patterns among 
the isolates. The study also wanted to find the phylogenetic groups of E. coli in Baquba, Iraq, 
using the Claremont phylogenetic classification method and look at how resistant they were to 
antibiotics. 
Materials and Methods: This study employed biological correlations to study the patterns of 
antibiotic resistance and the distribution of phylogenetic groups of 105 isolates of E. coli and 
the relationship between them, which were isolated from two hospitals in Diyala, Iraq. 
Results: The results of phylogenetic analysis of E. coli isolates Phylogenetic group B2 was the 
most prevalent (40%), B1 and D (each (20%), and C and A (6.6%). Ampicillin showed highest 
resistance against antibiotics, while imipenem the lowest resistance .were the percentage equal 
to 95% and 54.3 % respectively.  Group B2 showed the highest prevalence of antibiotic 
resistance, reaching 40%. Accordingly, 57 (54.3%) isolates were MDR and 40 (38.1%) were 
multidrug resistant. Furthermore, only 24 isolates (22.8%) were persistent and survived in 
stressful environments. 
Conclusions. Our findings revealed a high prevalence of MDR E. coli isolates, with group B2 
dominating. Such studies need to be done also in other regions to provide a greater 
understanding of the antibiotic resistance pattern and the prevalences of different phylogenetic 
groups 
Keywords: Uropathogenic persistent E.coli, phylogrouping, antibiotic resistance.  
Introduction: 
     Urinary tract infections are one of the most common infectious diseases worldwide, 
with an estimated 120-150 million cases each year, with significant morbidity and high medical 
costs (McCann et al., 2020). E. coli, a member of the Enterobacteriaceae family considered 
most often responsible for UTIs. These bacteria can adapt to their surroundings and have 
virulence factors that help them stay alive and cause disease (Gajdacs et al., 2021). UTIs 
account for 40% of all nosocomial infections and contribute to 50% of infections caused by 
bacteria, leading to greater illness and longer hospital stays (Asadi Karam et al., 2019). More 
than 90% of Community-Acquired UTIs (CA-UTI) and nearly 50% of Hospital-Acquired UTIs 
(HA-UTI) are caused by UPEC (Sheppard et al., 2018).  
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        According to Zhou et al. (2023), many factors complicate development. These elements 
aid the virus's ability to endure and adapt in the urinary tract, evade the immune system, and 
remain there (Zhou et al., 2023). Persistent UPEC virulence factors include biofilm formation 
(Terlizzi et al. 2017). Curli fimbriae help the UPEC stick together, and ferric siderophores are 
crucial for survival. Blocking phagocytosis and antiserum activities, capsular polysaccharide 
synthesis K1 helps protect UPEC and avoid an immune response. (Kudinha, 2017).  
          More importantly, persistent UPEC had high rates of antimicrobial resistance (Pasillas 
Fabian et al. 2021). Multidrug-resistant (MDR) and extended-spectrum lactamase-producing 
E. coli are becoming more common in UTIs (Pasillas Fabian et al. 2021). Probably one of the 
important features of UPEC is their ability to grow intracellularly within the intracellular 
environment (Mann et al., 2017). The increasing prevalence of MDR-UPEC leads to 700,000 
fatalities globally (Dutescu et al., 2021). 
       Most phylogenetic groups are B2 (Mahmoud et al., 2020). Many antibiotics, like β-
lactams, fluoroquinolones, tetracycline’s, and aminoglycosides, were becoming less effective 
(Masoud et al., 2021).El-Baz et al. (2022) report the discovery of many more MDR and XDR 
strains of UPEC, including many extended-spectrum lactamase producers (Ehsan et al., 2023). 
Persisters are different types of UPEC that can handle some drugs and help make MRD and 
XDR isolates (Keren et al., 2013). There are four main phylogenetic groups for UPEC clinical 
strains. These are A, B1, B2, and D. Genetic markers like chuA, yjaA, and the DNA fragment 
TspE4.C2 define these groups (Lee et al., 2016). Four main phylogenetic groups are A, B1, B2, 
and D. These are further broken down into seven subgroups: A0, A1, B1, B22, B23, D1, and 
D2. These groups are linked to the pathogenicity of UPEC (Barzan et al., 2016). This study 
aimed to identify and collected E. coli (UPEC) isolates from urinary tract infections. Detection 
of persistent E.coli,and identify some virulence factors and antibiotic resistance and 
determining the phylogenetic of Escherichia coli (UPEC). 
 
Materials and methods 
Patients and methods:  

This cross-sectional study was conducted in Diyala province, Iraq, from 1 December 
2023 to 1 October 2024. A total of 355 urine samples were collected in sterile containers from 
patients complaining of UTI; 37 (35.2%) were males and 68 (64.7%) were females. The mean 
age ± SD of patients was 21.59 ± 15.07 years, ranging from 1 month to 70 years. They were 
allocated from Baquba Teaching Hospital, Al-Batoul Maternity Hospital, and healthcare 
centres. Urine samples were transported to the bacteriology laboratory as soon as possible using 
a cooling box. Streaking on the blood and MacConkey agar plate was done immediately and 
incubated for 24 hours at 37 °C. Identification of E. coli was done using standard 
morphological, cultural, biochemical, and molecular procedures (Alfinete et al., 2022). A total 
of 355 urine specimens were collected from patients with urinary tract infections (UTI) of all 
ages and sexes who were admitted to Baquba Teaching Hospital, Al-Batoul Maternity Hospital, 
and Teaching Laboratories between 1 December 2023 and 1 November 2024. The standard 
microbial and biochemical protocols, as previously described elsewhere, were used to identify 
UPEC isolates 
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Antibiotic susceptibility  
      The disc diffusion assay assessed the antibiotic susceptibility patterns in UPEC isolates. 
We purchased antibiotic discs of various names and concentrations from Turkey. The study 
involved the use of the following antibiotics: Ampicilin-Cloxaciline30 μg,   Ampicilin20 μg, 
Amoxyline-clavulanic acid 30 μg, Ampicillin Amoxyline-Clavonic Acid 30 μg, Azithromycin 
15 μg, Ciprofloxacin 10 μg, gentamicin (10 µg), Imipenem10 μg, Ofloxacine (5 µg), 
Piperacillin100 μg, Streptomycine10 μg, Trimathaprime Sulfamethazol 25 μg, Tetracycline (30 
μg, nitrofurantoin (300 µg), We cultivated on Mueller-Hinton agar (MHA). Subsequently, they 
were transferred onto the sterile plates, which were then covered with antibiotic discs using 
aseptic techniques. The MHA plates then underwent a 24-hour incubation period at 37 °C. The 
inhibition zones were interpreted according to the guidelines of the Clinical & Laboratory 
Standard Institute (CLSI, 2024). Antibiotic sensitivity testing was assessed by a disc diffusion 
assay using 14 antibiotics and interpreted according to the guidelines of CLSI (2024). 
Classification of UPEC to MDS, MDR, and XDR was based on definitions (Magiorakos et al., 
2012). 
Molecular analysis 
The Clermont et al. (2013) method evaluated the phylogroup distribution in UPEC isolates. 
Table 1 shows the primer sequences (Bioneer, Korea), the amplicon size in base pairs (bp), and 
the PCR conditions. 
DNA extraction 
Following the collection of 105 UPEC isolates, DNA was extracted using a commercial kit in 
accordance with the instructions supplied by the manufacturer, Geneaid (Presto TM Mini 
gDNA Bacterial Kit Protocol, Bioneer, Korea). Afterwards, specific DNA segments of interest 
were amplified using Polymerase Chain Reaction (PCR) 
Phylogenic grouping is achieved through the use of quadruplex PCR.  
       Quadruplex PCR is a method for analyzing isolates based on the presence or absence of 
the four genes (arpA, chuA, yjaA, and TspE4.C2) Clermont et al. (2013). A 25-mL reaction 
mixture with 12.5 mL of the master mix, 1 mL of each primer (forward and reverse), and 4.5 
mL of template DNA was used for multiplex PCR. We added distilled water to the final volume. 
Assay conditions of the PCR program were: 4 min at 94°C; 30 cycles of 5 sec at 94°C; 20 sec 
at 57°C for group E or 59°C for quadruplex and group C; 1 The amplification products were 
separated after 5 minutes at 72°C. After separating the amplification products, we placed the 
sample on a 1% agarose gel and stained it with ethidium bromide under a UV treanslumiator. 
The sequences of primers used are clarified in Table 1. 
The study underwent an ethical review and received approval.  
The study was approved by the Research Ethics Committee of the Department of Biology, 
University of Diyala. After obtaining permission from the Ministry of Health and Environment 
to collect samples for the current study, we isolated and initially diagnosed the isolates in the 
microbiology laboratories of Baqubah General Teaching Hospital, Al-Batoul Teaching 
Hospital, and Public Health Laboratories. We obtained permission from the study participants 
to collect socio-demographic information and conduct a study on the collected samples, all 
while respecting their privacy.  

The details of employed primers were based on (Clermont et al., 2017) illustrated in 
table (1).  Table (1): Details of the primers of genes used for phylogrouping of UPEC. 
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Gene Primer name Sequence (3’-5’) Product size/bp 

chuA 
chuA.F ATGGTACCGGACGAACCAAC 

288 
chuA.R TGCCGCCAGTACCAAAGACA 

yjaA 
yjaA.F CAAACGTGAAGTGTCAGGAG 

211 
yjaA.R AATGCGTTCCTCAACCTGTG 

TspE4C2 
TspE4C2.F CACTATTCGTAAGGTCATCC 

152 
TspE4C2.R AGTTTATCGCTGCGGGTCGC 

Ace 
AceK.F AACGCTATTCGCCAGCTTGC 

400 
ArpA1.R TCTCCCCATACCGTACGCTA 

trpBA 
trpBA.F CGGCGATAAAGACATCTTCAC 

489 
trpBA.R GCAACGCGGCCTGGCGGAAG 

 
 Phylogrouping of UPEC was based on the presence of 5 genes (Dadi et al., 2020).  Patient 
privacy was respected by obtaining verbal consent from each participant. A full the Statistical 
Packages of Social Sciences-SPSS (2019) program was used to detect the effect of difference 
factors in study parameters. Least significant difference-LSD and T-test was used to significant 
compare between means. Chi-square test was used to significant compare between percentage 
(0.05 and 0.01 probability) in this study. 
Statistical Analysis:  
    The Statistical Packages of Social Sciences-SPSS (2019) program was used to detect the 

effect of difference factors in study parameters. Least significant difference-LSD 
and T-test was used to significant compare between means. Chi-square test was used 
to significant compare between percentage (0.05 and 0.01 probability) in this study. 

Results and Discussion:  
Distribution of isolation categories    
     The results shown in table 2 showed the percentage of positive and negative bacterial growth 
from UTI patients, where 200 (56.4%) were positive and 155 (43.6%) were negative. 
Escherichia coli bacteria constituted the highest percentage of positive results, with 105 cases 
(52.5%) recorded. These results indicate that Escherichia coli bacteria is the main causative 
agent of this type of infection. The study showed that E. coli is the most common Gram-
negative bacteria General urine examination were performed on each specimen, the colony-
forming unit concentration per milliliter (cfu/ml) in the urine exceeded 1x105, It has been 
categorized as a significant diagnostic criterion for urinary tract infection: intestinal bacteria, 
particularly Escherichia coli, mostly cause urinary tract infections (UTIs). The distribution of 
some sociodemographic features of UPEC isolates is shown in Table 2. According to age 
categories, the isolation rate was insignificantly higher among 11-20-year-olds.  
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Figure (1): The percentage of bacterial isolates growth from urine Patients 

       
Table (1): Biochemical test for (105) E coli isolates. 

                                                        Biochemical tests   

Isolates Indole MR Motility VP Oxidase Urease TSI Citrate 
utilization 

Catalase 
 

E. coli   +   +     +/-*   -   -   - A/A-
H2S+Gas 

    -     + 

*Most E. coli isolates are motile in motility test.   
Table (2): Distribution of some sociodemographic features of study participants. 

 
 

Characteristics 
 

Description 
Range(min-
max) 

No. 
 

(%) 
 

χ2   
(P-value) 

Age groups / year 
Mean ± SD 
=21.59 ± 15.07 
 
 

<1 10 (9.5%)  
 
 
 
16.805 ** 
(0.0001) 

1-10 20 (19.04%) 

11-20 21 (20%) 

21-30 25 (23.8%) 

31-40 18 (17.1%) 

41-50 7 (6.6%) 

51-60 3 (3.3) 

61-70 1 (0.9%) 

Gender 
M/F ratio= 1:1.84 

Male 37 (35.2%) 9.152 ** 
(0.0025) Female 68 (64.7%) 

M/UM ratio =2:1 Married 70 (66.6%) 11.667 ** 
(0.0006) Unmarried 35 (33.3%) 

   ** (P≤0.01).  
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The antibiotic sensitivity of all E. coli isolates against 14 drugs was investigated using a disc 
diffusion assay. The outcomes were interpreted according to the guidelines of CLSI (2024), as 
revealed in Table 3. There was a significantly increased resistance rate against Amoxacillin-
Clavulenate 67(63.8), Ampicillin-cloxacillin92(87.6), Ampicillin98(93.3), 
Piperacillin90(85.7), 
Imipeneme1(0.95),Ceftriaxone82(78.09),Ciprofloxacin67(63.8),Ofloxacin64(60.95), 
Trimethoprim-sulfamethoxazole84(80), Tetracycline94 (89.5), Azithromycin66(62.8), 
Streptomycin29(27.6), and insignificantly resistant to Gentamycin45(42.8). There was 
significant sensitivity to imipenem and insignificant sensitivity to nitrofurantoin. For the 
detection of persistent UPEC isolates, all the identified 105 E. coli isolates were subjected to 
sudden genomic lysis stress and categorized according to (Huemer et al., 2020). Only 24 
(22.8%) isolates persisted and survived these circumstances.  All data are shown in Table 5. 
Table (3): The rate of persister isolates among the UPEC of the study. 
 

 
 
Table (4): Distribution of biofilm formation of E.coli isolates 

Biofilm   
formation 

NO. % Absorbency at   
630 nm 

Mean ± SD 

         Strong 45 (42.8%) 0.115-1.127 0.428 ±0 .494 a 

Moderate 20 (19.0%) 0.088-0.101 0.190 ± 0.392 b 

        Weak 40 (38.0%) 0.053-0.086 0.380 ±0.486 a 

Statistical χ2 = 10.112 ** 
P-value= 0.0064  

Control=0.088 
 

L.S.D. = 0.1449 * 
P-value= 0.0287  

Means having with the different letters in same column differed significantly.    
 * (P≤0.05), ** (P≤0.01). 

 
Table (5): Relationship between biofilm formation and 15 persistent E.coli isolates 

Biofilm Isolates no % Persistent  N% 

Strong 13 (86.67%) 10 (66.67%) 

Moderate 2 (13.33%) 5 (33.33 %) 

Chi-Square: χ2 
(P-value) 

8.067 ** 
(0.0045) 

3.922 * 
(0.0481) 

Persistent No. (%) Mean ± SD 
Produce 24 (22.8%) 0.228 ± 0.071 

Non produce 81 (77.1%) 0.771 ± 0.419 

Total 105 (100%) -- 

Statistical χ2 =30.942 ** 
P-value= 0.0001 ** 

L.S.D. = 0.262 * 
P-value= 0.0387 

* (P≤0.05), ** (P≤0.01). 
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* (P≤0.05), ** (P≤0.01). 

 
 

 
Figure (3): Resistance patterns across biofilm formation levels 

Out of 24 persister isolates of UPEC, 15 were subjected for phylogrouping based on 
the detection of 5 genes including; chuA, yjaA, TspE4C2, Ace, and arpAgC using the multiplex 
PCR. The outcomes of phylogrouping found that: 6 (40.0%) isolates were belonged to B2 
phylogroup, 3(20%) were belonged to B1 phylogroup, 2 (13.3%) were belonged to C 
phylogroup, 3 (20%) were D phylogroup and 1 (6.7%) was belonged to A phylogroup. The 
trpBA gene was absence in all isolates. The Ace gene was detected in 5 (33.3%) isolates (E8, 
E53, E88, E92 and E12). The chuA gene was detected in 12 (80%) of the isolates and absence 
in the remaining three (E65, E8 and E88). Similarly, the yjaA gene was detected in 12 (80%) 
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isolates and absence in three isolates (E59, E53 and E12). The TspE4C2 gene was detected in 
12(80%) of isolates and absence in other three (E37, E57 and E12).All 105 E. coli isolates were 
exposed to sudden genomic lysis stress. Only 24/105 sub-isolates could persist and survive 
these isolates. The tolerant disc (TD) test can find bacteria that are resistant to antibiotics by 
combining the standard antibiotic disc test (step 1) with growth after glucose is added (step 2). 
The quick-kill method yielded the same result, identifying 24 out of 105 E. coli isolates as 
resistant, with a mean of 0.228 to 0.071. P-value = 0.0001. The present study studied biofilm 
production using ELISA (enzyme-linked immunosorbent). The first method found that the 
number of isolates capable of forming a biofilm is 65 with the ability to produce membranes, 
including 45 isolates with strong production and 20 isolates with moderate biofilm production. 
Ratio 0.048*and 0.001*, respectively, while 40 isolates could not produce biofilms. 65 
(61.9%), 69.2% strong, and 30.7% moderate. In this study, 65 of 105 bacterial isolates (61.9%) 
produced biofilm using the ELISA method. These isolates could produce biofilm to different 
degrees when compared to the negative control, with 45 isolates (69.2%) producing strong 
biofilm and 20 isolates (30.7%) producing medium biofilm. In comparison, 40 bacterial 
isolates, at a rate of 26%, were weak in production, 
Table (6): Distribution of phylogrouping outcomes of the 15 UPEC isolates. 
Isolates trpBA Ace chuA yjaA TspE4C2 Phylogroup 

E1 (37) - - + + - B1 
E2 (17) - - + + + B2 
E3 (24) - - + + + B2 
E4 (101) - - + + + B2 
E5 (64) - - + + + B1 
E6 (10) - - + + + B2 
E7 (59) - - + - + C 
E8 (56) - - + +   + B2 
E9 (57) - - + + - B1 
E10 (65) - - - + + D 
E11 (8) - + - + + D 
E12 (53) - + + - + C 
E13 (88) - + - + + D 
E14 (92) - + + + +  B2 
E15 (12) - + + - - A 
+ Ve 
-Ve 

0 (0%) 
15 (100%) 

5 (33.3%) 
10 (66.7%) 

12 (80%) 
3 (20%) 

12 (80%) 
3 (20%) 

12 (80%) 
3 (20%) 

--- 

P-value 0.0001 ** 0.048 * 0.020 * 0.020 * 0.020 * --- 
 

 Phylogroup B1: Presence of chuA (+), yjaA (+), and absence of TspE4C2 (−). 

 Phylogroup B2: Presence of chuA (+), yjaA (+), and TspE4C2 (+). 

 Phylogroup C: Presence of chuA (+), yjaA (−), and TspE4C2 (+). 

 Phylogroup D: Absence or variability in chuA and positive TspE4C2. 

 Phylogroup A: Absence of key markers like chuA and TspE4C2 
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Figure (2): Gel electrophoresis of amplified chuA, yiaA, and TspE gene of Escherichia coli 
isolates. Electrophoresis was done (1.5% agarose at 7 V for 1 h, Lane M: DNA ladder 
marker (1000); lane 1,4 , 10  phylo-group --( - + + -); lane 2,3,4 , 7,8,9 , phylo-group -- (- + + 
+ ) ; lane 11 , phylo-group -- (- - + +) ; lane 12, N.C.( Negative control). 

 
Figure (4): Gel electrophoresis of amplified of Escherichia coli isolates. Electrophoresis 
was done (1.5% agarose at 7 V for 1 h, Lane M: DNA ladder marker (1000); lane 2,4  
phylogroup --( + - ++); lane 3 phylogroup -- (+ + - + ) ; lane 5 , phylo-group (++++) ; lane 6 
phylogroup -- (++--);lane7, N.C.( Negative control). 
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Figure (5): Gel electrophoresis of amplified arpA gene of Escherichia coli isolates. 
Electrophoresis was done (1.5% agarose at 7 V for 1 h, Lane M: DNA ladder marker (1000); 
lane 3 phylo-group E (Positive for 𝑎𝑟𝑝𝐴 𝑔𝑒𝑛𝑒 with 301bp). 
Discussion: 
       This study is important for three reasons: First, UTIs are very common worldwide, and E. 
coli is the most common bacteria that causes them, especially in women. UTIs are the most 
common bacterial infections, affecting 120–150 million people globally yearly (Zhou et al., 
2023). Among nosocomial infections, UTIs are second only to respiratory tract infections, 
representing 24% of such cases in developing countries (Tandogdu and Wagenlehner, 2016). 
Second, many G+ and G-bacterial and fungal pathogens cause UTIs. Epidemiologically, 
uropathogenic E. coli (UPEC) are the main pathogenic agent for UTIs, accounting for about 
75% of uncomplicated and 65% of complicated UTIs cases (Medina and Castillo-Pino, 2019). 
Without a doubt, UPEC can change physically, and they have a layer of viruses and toxins that 
help them stay alive and make people sick in UT (Carlini et al., 2021; Wojciuk et al., 2022). 
Thirdly, the current study addresses a critical issue in our community: the rapidly increasing 
prevalence of antibiotic resistance. The constantly emerging phenomenon of “superbugs” in 
clinical settings indicates that we are entering an era where traditional infection treatments are 
becoming increasingly ineffective (Chahine et al., 2022; Painuli et al., 2023). More seriously, 
adding to antibiotic resistance, persistent infections pose another major challenge and problem 
in managing bacterial infections (Gollan et al., 2019). ). According to Shimoni et al. 
(2020).Previous research has yielded findings that align with the outcomes of our investigation. 
In France, Rossignol et al., (2017) found that between 70% and 80% of urine cultures yielded 
positive results for E. coli. It was observed according to a survey by Daoud et al. (2015), in 
Lebanon that E. coli was the predominant Gram-negative bacterial isolate; a urinary tract 
infection has been recorded in a documented range of 60.53% to 73.98%. A study conducted 
by Panagua-Contreras et al., (2017) in Mexico and Abernethy et al. (2017) in England found 
that 60.4% of the participants had the reported and differed from the results of the study by 
Ahumada-Kota et al., (2020), where the percentage reached 61.3%. On the other hand, the 
results were close to those of the study by Al-Naimi and Abbas (2016) in Iraq Baghdad, where 
the percentage reached 38.3%. As well as Vitek 2 system identification (Nmema et al., 2022). 
The distribution of some sociodemographic features of UPEC isolates is shown in Table 2. 
According to age categories, the isolation rate was insignificantly higher among 11-20-year-
olds.  
 



International Journal of Innovation Studies 9 (1) (2025) 

 

 1224

         In the current study, the UTI rate was insignificantly higher in 21–30 years. In this issue, 
different studies reported different results; for instance, recurrent UTIs are a common problem 
in the elderly (Matthews and Lancaster, 2011). Most studies also agree that older people are 
more likely to get UTIs and that these infections are worse, causing more illness and death. 
This is because getting older greatly changes the host's physiology and immunity (Ligon et al., 
2023)\. Some risk factors during adulthood can enhance UTIs, such as uncontrolled DM, 
hypertension, and chronic renal diseases (Geerlings et al., 2016). However, UTIs affect nearly 
one-third of children within one year of birth, and about 30% develop recurrent UTIs (Simoes 
et al., 2020).  
        The results also found that women had a significantly higher rate of UTIs. If you look at 
the urethra, it is shorter and closer to the rectum in women than in men, so this result makes 
sense and agrees with most other studies. Women are more likely to get sexually transmitted 
diseases. Basically, 20–30% of adult women with an initial UTI experienced a recurrence 
within 3–4 months (Terlizzi et al., 2017). Furthermore, estimates suggest that 40% of women 
experience at least one UTI during their lifetime (Micali et al., 2014), with 11% of women over 
18 years experiencing a UTI episode annually (Foxman, 2014). After puberty, UTI risk 
increases and is frequently associated with sexual intercourse in adult women (Deltourbe et al., 
2022). Also, women who have gone through menopause are more likely to get UTIs again 
because lower levels of oestrogen change the urogenital epithelium and microbiome in bad 
ways (Jung and Brubaker, 2019). The results of the current study found that the isolation rate 
of UPEC was 56.5%, as UPEC was globally causing around 85% of UTI cases (Medina and 
Castillo-Pino, 2019; Manges et al., 2019). Receiving antibiotics before collecting urine 
samples for culture may have contributed to this, as a high sample rate often results in negative 
growth. Additionally, the over-identification of UPEC likely occurred due to the successive use 
of four techniques for confirmation.  
        Our study showed that the isolated UPEC were only slightly sensitive to imipenem and 
not sensitive to nitrofurantoin. They were also significantly resistant to 12 other first-line 
therapeutic antibiotics. Most previous studies have found that UPEC is becoming less sensitive 
to antibiotics (Masoud et al., 2021; Abed et al., 2023; Nasrollahian et al., 2024). These results 
back this up. The rising rates of antimicrobial resistance probably result from irrational 
antibiotic policies, mainly because of inadequate broad-spectrum--- empirical therapies 
prescribed without urine cultures and antibiotic susceptibility testing (Adamus-Białek et al. 
2018). Therefore, our results are in agreement with reports indicating elevated 
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