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Background & Objective:  Uropathogenic Escherichia coli (UPEC) strains are the 

primary causative agents of urinary tract infections (UTIs). Molecular 

characterization of UPEC strains plays a crucial role in infection management, as 

molecular determinants contribute to antimicrobial resistance (AMR). This study 

aimed to investigate the antibiotic resistance profiles, prevalence of ESBL, integron, 

and pathogenicity island markers, and the genetic relatedness of UPEC isolates 

using PFGE. 

 Materials & Methods:  Urine samples were collected from catheterized ICU 

patients. UPEC isolates were identified by standard biochemical tests. Antimicrobial 

susceptibility was assessed using the disk diffusion method. Resistance markers 

(ESBLs, integrons, PAIs) were detected by PCR, and genetic clustering was 

performed using PFGE with XbaI restriction enzyme. 

Results:  Of the 50 UPEC isolates, the highest resistance rates were observed against 

piperacillin (80%), ampicillin (76%), and cotrimoxazole (68%), while imipenem 

(94%) and amikacin (86%) showed the highest susceptibility. MDR and XDR 

phenotypes were detected in 62% and 22% of isolates, respectively. PFGE analysis 

revealed 38 distinct pulsotypes, indicating substantial genetic diversity. Among 

resistance markers, the most prevalent were PAI-IV536 (80%), PAI-IICFT073 (70%), 

and Int1 (66%), whereas Int3 was not detected in any isolate." 

Conclusion:  The UPEC population studied exhibits high genetic diversity and a 

notable burden of multidrug resistance. The strong association between integrons 

(particularly Int1) and resistance phenotypes suggests that horizontal gene transfer 

is a major driver of antimicrobial resistance dissemination. Continuous molecular 

surveillance is critical to prevent the spread of these resistant clones in healthcare 

settings. 
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1. Introduction
Escherichia coli is a commensal species of the facultative 

anaerobic microbiota in the human large intestine; 

however, pathogenic strains of E. coli are responsible for 

nosocomial and community-acquired infections, 

particularly urinary tract infections (UTIs). Urinary tract 

infection is the most prevalent form of hospital-acquired 

infection (HAIs). Hospital-acquired UTIs are related to 

prolonged hospitalization and higher healthcare 

expenditures, which may lead to serious infections such 

as urosepsis and septic shock. Uropathogenic Escherichia 

coli (UPEC) is a main causative agent of UTI, responsible 

for 75% of uncomplicated UTIs and roughly 65% of 

complicated UTIs (1-3). 

The rise of antimicrobial-resistant E. coli, especially 

multidrug-resistant strains, constitutes a serious global 

public health issue. The widespread use of antimicrobial 

agents in human and veterinary medicine correlates with 

the emergence of resistance to medicinal treatments. 

Furthermore, the horizontal transmission of gene cassettes 

appears to be the main cause of the rapid spread of 

antibiotic resistance among bacteria. The acquisition and 

loss of functional modules like integrons  also play a 

crucial role in the rapid evolution of bacterial resistance. 

The spread of resistance among E. coli strains has 

diminished the efficacy of the first-line antimicrobial 

agents used for UTI like trimethoprim-sulfamethoxazole, 
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leading to a heightened need for newer broad-spectrum 

drugs, like fluoroquinolones and extended-spectrum 

cephalosporins (3-5).  

Extended-spectrum beta-lactamases (ESBLs) are 

heterogeneous and rapidly evolving enzymes that confer 

resistance to various types of beta-lactam antibiotics, 

including penicillins, cephalosporins, and aztreonam. 

ESBLs encompass various groups, with the CTX-M, 

TEM, and SHV being the most dominant ESBLs 

worldwide. The genes encoding ESBLs are typically 

located on mobile plasmids that can harbor other 

resistance genes. ESBL-producing E. coli poses a serious 

public health threat as these ESBL genes can disseminate 

using plasmid-mediated integrons, insertion sequence (IS) 

elements, and transposons among various bacterial 

species (6-8). 

Integrons and genetic cassettes are significant risk factors 

in the emergence of antibiotic resistance in UPEC isolates. 

They have a significant role in the acquisition, expression, 

and spread of resistance genes throughout bacterial 

populations. Previous studies on UPEC have 

demonstrated a significant correlation between integron 

presence and antibiotic resistance in various regions of 

Asia, Europe, and the United States (9-11). 

The pathogenicity of UPEC strains arises from the 

presence of virulence genes located on the chromosome 

or plasmids, which are rare in commensal E. coli strains. 

Virulence genes on the chromosome are generally located 

in specific regions known as pathogenicity islands (PAIs). 

Evidence indicates that variations in virulence between 

pathogenic and nonpathogenic bacterial strains can be 

partially attributed to virulence genes located in PAIs. 

PAIs are unique genetic elements of bacterial pathogens 

that encode a range of virulence factors, including protein 

secretion systems, host invasion factors, iron uptake 

systems, and toxins. PAIs are often flanked by repeated 

sequences and contain numerous fragments of other 

mobile and accessory genetic elements, including 

bacteriophages, plasmids, and insertion sequence (IS) 

elements. The eight most studied PAI markers in UPEC 

are PAI I–IV in E. coli 536, PAI I and II in E. coli 

CFT073, and PAI I and II in E. coli J96 (12-13). 

Molecular typing techniques are commonly used to 

determine the clonal relationships among bacterial strains. 

Pulsed-field gel electrophoresis (PFGE) is a specialized 

agarose gel electrophoresis method that separates very 

large DNA fragments and may differentiate bacteria at the 

subspecies level by using alternating timed flow 

directions to separate megabase-sized fragments (14-15). 
Although previous studies in Iran have reported the 

prevalence of ESBL-producing E. coli and integrons in 

various clinical settings, comprehensive data integrating 

antibiotic resistance patterns, ESBL genotypes (blaCTX-

M, blaSHV, blaTEM), integron classes (intI I–III), and 

pathogenicity island (PAI) markers simultaneously in a 

single UPEC population remain scarce. Moreover, to the 

best of our knowledge, no study has yet investigated the 

molecular epidemiology and clonal relatedness of UPEC 

isolates using Pulsed-Field Gel Electrophoresis (PFGE) 

specifically among catheterized patients with urinary tract 

infections in Zanjan province. Given the geographical and 

demographic specificities of this region, as well as the 

potential differences in antibiotic prescription policies and 

nosocomial transmission dynamics, the distribution of 

these genetic determinants and their association with 

multidrug resistance cannot be extrapolated from studies 

conducted in other parts of Iran or abroad. Therefore, this 

study aimed to investigate the antibiotic susceptibility 

pattern, the frequency of blaCTX-M, blaSHV, and 

blaTEM types of ESBLs, integrons genes intI I, intI II, and 

intI III, and PAI markers PAI I536, PAI II536, PAI III536, 

PAI IV536, PAI ICFT073, PAI IICFT073, PAI IJ96 and 

PAI IIJ96 among E. coli isolated from catheterized 

patients with UTI symptoms in Zanjan, as well as the 

genetic relationship between these isolates using PFGE. 

2. Materials and Methods 
2.1 Isolation and detection of UPEC strains 

In this cross-sectional study, between March 2021 and 

February 2022, a total of 71 urine samples were 

aseptically collected from catheterized patients with UTI 

symptoms hospitalized in three major university hospitals 

in Zanjan, northwest Iran, using sterile syringes after 

disinfecting the catheter port with 70% ethanol. Urine 

samples were immediately transported to the 

microbiology laboratory and cultured on MacConkey 

agar and Blood agar (Merck, Darmstadt, Germany) and 

incubated overnight at 37°C. E. coli isolates were 

identified according to the standard biochemical tests as 

described previously. Verified UPEC isolates were 

preserved at −80°C in Trypticase Soy broth (Merck) 

containing 20% (v/v) glycerol for further analysis.  

2.2 Antibiotic susceptibility testing 

The susceptibility of isolates to the following 13 

antibiotics was assessed by the disk diffusion method on 

Mueller-Hinton agar, in accordance with Clinical and 

Laboratory Standards Institute (CLSI) standards: 

Amikacin (AMK 30 μg), Ampicillin (AMP 10 μg), 

Ampicillin-sulbactam (AMS 20 μg), Aztreonam (ATM 

30 µg), Ciprofloxacin (CIP 5 μg), Trimethoprim-

sulfamethoxazole (COT 25 µg), Cefotaxime (CTX 30 

μg), Cefepime (FEP 30 μg), Gentamicin (GEN 10 μg), 

Imipenem (IPM 10 μg), Levofloxacin (LVX 5 µg), 

Piperacillin (PIP 100 μg), and Tetracycline (TET 30 μg). 

Multidrug-resistant (MDR) E. coli was considered an 

isolate that was resistant to at least one agent in three or 

more classes of antimicrobial agents. Extensively drug-

resistant (XDR) E. coli was defined as an isolate that was 

resistant to at least one agent in all but two or fewer 

antimicrobial agents. E. coli ATCC 25922 was used as the 

quality control of susceptibility testing (Table 1A). 
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Table 1. Primers and different classes of antibiotics used in this study. 

(A) Classification of antibiotics by mechanism of action 

Mechanism Antibiotics 

Cell-wall synthesis inhibitors (CWSIs) Aztreonam, Ampicillin, Ampicillin-sulbactam, Cefepime, Cefotaxime, Imipenem, Piperacillin 

DNA-synthesis inhibitors (DSIs) Ciprofloxacin, Levofloxacin  

Folic-acid synthesis inhibitor (FASI) Co-trimoxazole  

Protein-synthesis inhibitors (PSIs) Amikacin, Gentamicin, Tetracycline  

(B) Primer sequences 

Markers Primers sequences Annealing °C Product (bp) Ref. 

CTX-M F: SCSATGTGCAGYACCAGTAA R: CCGCRATATGRTTGGTGGTG 60 543 (16) 

SHV F: TTATCTCCCTGTTAGCCACC R: GATTTGCTGATTTCGCTCGG 50 795 (17) 

TEM F: TCGGGGAAATGTGCGCG R: TGCTTAATCAGTGAGGCACC 60 971 (16) 

Int1 F: GGTCAAGGATCTGGATTTCG R: ACATGCGTGTAAATCATCGTC 62 436 (18) 

Int2 F: CACGGATATGCGACAAAAAGGT R: GATGACAACGAGTGACGAAATG 62 788  

Int3 F: AGTGGGTGGCGAATGAGTG R: TGTTCTTGTATCGGCAGGTG 62 600  

PAI-I536 F: TAATGCCGGAGATTCATTGTC R: AGGATTTGTCTCAGGGCTTT  60 1800 (19) 

PAI-ICFT073 F: GGACATCCTGTTACAGCACGCA  R: TCGCCACCAATCACAGCCGAAC  60 930  

PAI-IJ96 F: TCGTGCTCAGGTCCGGAATTT R: TGGCATCCCACATTATCG 60 400  

PAI-II536 F: CCATGTCCAAAGCTCGAGC  R: CTACGTCAGGCTGGCTTTG 60 1000  

PAI-IICFT073 F: ATGGATGTTGTATCGCGCP  R: ACGAGCATGTGGATCTGC  60 400  

PAI-III536 F: CGGGCATGCATCAATTATCTTTG  R: TGTGTAGATGCAGTCACTCCG  60 200  

PAI-IV536 F: AAGGATTCGCTGTTACCGGAC R: TCGTCGGGCAGCGTTTCTTCT  60 300  

 

2.3 DNA extraction 
DNA extraction from UPEC isolates was performed 

according to the protocol provided with the GeneAll 

ExgeneTM Cell SV kit (GeneAll Biotechnology, Korea). 

The quantity and quality of extracted DNA were 

determined using a NanoDrop Spectrophotometer (ND-

1000, NanoDrop Technologies, Wilmington, DE) and 

agarose gel electrophoresis, respectively. 

2.4 Detection of ESBLs, integrons and PAI markers in 

UPEC isolates 

The presence of blaCTX-M, blaSHV, and blaTEM types of 

ESBLs, integron genes intI I, intI II, and intI III, and PAI 

markers PAI I536, PAI II536, PAI III536, PAI IV536, PAI 

ICFT073, PAI IICFT073, PAI IJ96 and PAI IIJ96 was determined 

using specific primers listed in Table 1B. PCR was 

conducted utilizing DreamTaq PCR Master Mix 

(Ampliqon, Denmark), comprising Taq polymerase, 

dNTPs, MgCl2, and the appropriate buffer. Each PCR 

tube contained a total volume of 25 µl of reaction mixture, 

which included 12.5 µl of master mix, 1.5 µl of each 

forward and reverse primer solution (final concentration 

of 200 nM) (Metabion, Germany), 1 µl of DNA at a 

concentration of 200 ng/µl, and enough nuclease-free 

water to reach the final volume. PCR was conducted using 

the Gene Atlas 322 equipment (ASTEC, Japan). Table 1B 

shows the oligonucleotide primers, marker genes, and 

amplification conditions. The amplified DNA was 

separated using submerged gel electrophoresis, stained 

with Safe DNA Gel Stain, and observed under UV 

transillumination (UVITEC, UK). 

2.5 Pulsed-field gel electrophoresis clustering 

Genotyping of UPEC isolates was performed by PFGE 

using the Bio-Rad CHEF-DR III electrophoresis unit and 

Bio-Rad gel documentation system with a UV 

transilluminator. PFGE typing of isolates was performed 

according to the standardized DC PulseNet protocol using 

Xba I restriction endonuclease enzyme cleavage. 

Salmonella Braenderup (H9812), the universal standard 

strain, was used for molecular weight and size 

determination.  PFGE agarose plugs were prepared, 

bacterial cells were lysed in the plugs, restriction enzyme-

mediated DNA cleavage was performed in the plugs, and 

gel casting plug slice loading, and electrophoresis were 

performed in accordance with the protocol guidelines. 

Fingerprints with at least three distinct bands were 

considered as different pulsotypes. A dendrogram of 

PFGE patterns was constructed using the unweighted 

pair-group method with arithmetic mean (UPGMA) with 

a position tolerance of 1.2%. PFGE patterns were defined 

by groups of bands that formed at least 85% Dice 

similarity cutoffs on the dendrogram. 

2.6 Statistical analysis 

We analyzed and clustered the band patterns obtained 

from PFGE using the online software (inslico.hue.es). The 

software employed the Dice method for band comparison 

and UPGMA for clustering. A dendrogram was generated 

based on the Dice coefficient and UPGMA, illustrating 

genetic similarities with the highest correlation. In this 

approach, an 85% similarity cutoff was set for the bands. 

Data were analyzed using SPSS software version 26.0. 

For the qualitative variables, frequencies and percentages 

were reported. Associations between the quantitative 

variables were investigated by Fisher's exact test, the Chi-

square test and the Phi test. A P-value <0.05 was 

considered statistically significant.  
 

3. Result 
3.1 Bacterial isolates 

A total of 50 (70.4%) UPEC isolates were obtained from 

71 urine samples. The overall frequency of UPEC among 

complicated UTI cases was 70.4%. Of the 50 UPEC 

isolates, 64% were detected in women and 36% in men. 

The mean age of patients was 40.18 years, with the 

highest incidence of UTI (32%) observed in the 40–60-

year age group.  
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3.2 Antibiotic susceptibility patterns 

The antibiotic susceptibility of UPEC was assessed using 

different antibiotic classes. All of the isolates were 

susceptible to at least one of the tested antibiotics. Two 

isolates (4%) were sensitive to all antibiotics. Among the 

50 UPEC isolates, 94% were susceptible to imipenem (n= 

47), 86% to amikacin (n= 43), 60% to gentamicin (n= 30) 

and 60% to levofloxacin (n= 30). The least effective 

antibiotics were piperacillin, ampicillin and 

trimethoprim/sulfamethoxazole, with resistance rates of 

80% (n= 40), 76% (n=38) and 68% (n= 34), respectively.  
None of the isolates was resistant to all of the tested 

antibiotics, and bacteria were susceptible to at least one of 

the antibiotics. Two of the isolates (4%) were susceptible 

to all antibiotics, and one of them was resistant to 12 of 

them (2%). However, resistance to four antibiotics was 

the highest mode of resistance (18%) among the isolates 

(Figure 1A). The highest susceptibility was found to 

AMK and IPM, and the highest resistance rate was seen 

to AMP, COT, and PIP. All antibiotics, except PIP, 

showed intermediate effects on bacteria (Figure 1B). The 

highest intermediate effect was seen for AMS (16%) and 

AMK (12%) (Figure 1B). As depicted in Figure 1C, the 

highest frequency of resistance (96%) was observed 

against antibiotics that disrupt cell wall synthesis, and the 

lowest frequency (42%) was identified for inhibitors of 

DNA synthesis.  Also, there was no significant difference 

in AR among mechanism groups of antibiotics across 

different ages and genders (p>0.05). 62% of UPEC 

isolates were MDR and 22% were XDR. 

3.3 MDR and XDR profiles 

As depicted in Figure 1D, 62% of isolates were MDR and 

22%, and 16% of them were XDR and NXM, 

respectively. The frequency of resistance to antibiotics in 

MDR, XDR, and NXM type of bacteria are represented in 

Table 2A. In comparison with non-MDR isolates (XDRs 

+ NXMs), XDR isolates were significantly more resistant 

to DSIs (P<0.001). Also, resistance against FASI, CWSIs, 

and PSIs classes was significantly lower in NXM bacteria 

in comparison to non-NXM isolates (MDRs+XDRs) 

(P<0.001). Resistance against AMK and LVX in non-

MDR isolates (XDRs+NXMs) was significantly higher 

than its occurrence in MDR isolates (P<0.001). However, 

MDR bacteria were more resistant to PIP in comparison 

to non-MDRs (MDRs+ XMs) (P<0.001). Also, XDR 

bacteria were significantly more resistant than non-XDRs 

against AMK, AMS, ATM, CIP, FEP, GEN, and LVX 

(P<0.001). Furthermore, considering that non-NXM 

bacteria were a collection of MDR and XDR isolates, 

resistance to FASIs, CWSIs, and PSIs was significantly 

higher in MDR+XDR isolates in comparison to NXM 

bacteria (P<0.001) (Table 2A). If we consider individual 

antibiotics, MDR+XDR isolates were significantly more 

resistant to COT, CTX, AMS, ATM, PIP, GEN, and TET 

in comparison to NXMs (P<0.001) (Table 2A). There was 

statistically significant co-resistance against all antibiotics 

except AMP, AMK, and IMP (P<0.001) (Table 2A). The 

highest number of significant co-resistances (with nine 

antibiotics) was seen for LVX (P<0.001) (Figure 1E). 

Also, regarding antibiotic classes, significant co-

resistances were observed for FASI and DSIs, FASI and 

PSIs, and DSIs and PSIs. No significant co-resistances 

were found between class CWSIs and others (P<0.001) 

(Table 2A).
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(F) (G) 

Figure 1. Findings of antibiotic susceptibility tests and frequency of b-lactamases, integrons, and PAI markers in isolates. The number of 

resistant isolates and antibiotics (A). Frequency of resistant UPECs to antibiotics (B). Frequency of resistant isolates to mechanisms of 

antibiotics (C). Frequency of MDR, XDR, and non-XDR MDR (NXM) isolates (D). The occurrence of co-resistance to antibiotics (E). 

Frequency of resistance marker classes (F). Frequency of resistance markers (G). 

 

3.4 Distribution of ESBLs, integrons and PAI markers 

in UPEC isolates 

As depicted in Figure 1F, PAIs class was harbored by 

96% of isolates, ESBLs class was seen in 78% of bacteria, 

and carriers of Int classes were less than the other two 

classes (76%). Regarding ESBL markers, 44% of isolates 

carried CTX-M, 42% of SHV, and 46% of TEM (Figure 

1G). Int1 was identified in 66% of isolates, Int2 in 10%, 

and Int3 was found in none of the bacteria (Figure 1G). 

The most frequent PAI was PAI-IV536 (80%), and the 

lowest frequency (4%) was observed for the PAI-IJ96 

(Figure 1G). The presence of marker classes and 

individual markers was not significantly associated with 

gender and age of patients (p>0.05). Significant co-

existence of resistance markers in bacteria was found for  

 

Int1 and Int2, TEM and PAI-III536, PAI-I536, and PAI-IJ96, 

PAI-II536, and PAI-IJ96 (Table 2B). Significant co-

existence was seen for the Ints class and PAI-IV536 (Table 

2B) and Ints and PAIs (Table 2B). 

3.5 PFGE clustering 

PFGE clustering identified 38 distinct pulsotypes among 

the 50 UPEC isolates (Figure 2), of which 12 were 

common types (CTs) and 26 were single types (STs). This 

indicates that there is a high genetic diversity among the 

isolates. Among CTs, types A, B, D, F, G, H, I, and K 

were composed of two isolates, types L, J, and C each had 

three members, and type E the largest group, had seven 

isolates.  

 

Table  2. (A): The frequency of co-resistance to antibiotics in UPEC isolates. (B): Co-existence of resistance markers and marker classes. 

(C): Interaction between marker classes and resistance to antibiotic classes. 

2A  
GEN 

n(%) 

TET 

n(%) 

AMK 

n(%) 

AMP 

n(%) 

PIP 

 n(%) 

ATM 

n(%) 

AMS 

n(%) 

FEP 

n(%) 

CTX 

n(%) 

IPM 

n(%) 

CIP 

n(%) 

LVX 

 n(%) 
Antibiotics 

17(34.0) 26(52.0)* 1 (2.0) 26(52.0) 32(64.0)** 24 (48.0) 18(36.0)* 23(46.0) 26(52.0)* 1(2.0) 18(36.0)* 16(32.0%)* COT 

15(30.0)* 16(32.0)* 1 (2.0) 12(24.0) 18 (36.0)* 17(34.0)** 13(26.0)* 17(34.0)* 17(34.0)* 1(2.0) 17 (34)*  LVX 

16(32.0)* 18 (36.0) 1 (2.0) 14(28.0) 20 (40.0)* 20(40.0)** 13(26.0)* 19(38.0)* 20(40.0)* 1(2.0)   CIP 

1 (2.0) 2 (4.0) 1 (2.0) 0 (0.0) 2 (4.0) 1 (2.0) 1 (2.0) 2 (4.0) 1 (2.0)    IPM 

18 (36.0) 23 (46.0) 1 (2.0) 22(44.0) 30(60.0)** 28(56.0)** 17(34.0)* 23(46.0)*     CTX 

16 (32.0) 22 (44.0) 1 (2.0) 24(48.0) 29 (58.0)* 23 (46.0)* 14 (28.0)      FEP 

12 (24.0) 16 (32.0) 1 (2.0) 13(26.0) 20 (40.0)* 17 (34.0)*       AMS 

18(36.0)* 22 (44.0) 1 (2.0) 20(40.0) 28 (56.0)        ATM 

18(36.0)* 30(60.0)* 1 (2.0) 30(60.0)         PIP 

13 (26.0) 24 (48.0) 0 (0.0)          AMP 

1 (2.0) 1 (2.0)           AMK 

16 (32.0)             TET 

Note: * P<0.05; ** P<0.001 
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2B 
 Markers 

PAI-

IIJ96  

n(%) 

PAI-

IJ96 

 n(%) 

PAI-

IICFT073  

n(%) 

PAI-

ICFT073  

n(%) 

PAI-

IV536  

n(%) 

PAI-

III536  

n(%) 

PAI-

II536  

n(%) 

PAI-

I536  

n(%) 

TEM  

n(%) 

SHV  

n(%) 

CTXM  

n(%) 

Int2  

n(%) 

Int1  

n(%) 
 

5 (10.0) 2 (4.0) 29 (58.0) 16 (32.0) 
33 

(66.0)* 
14 (28.0) 5 (10.0) 9 (18.0) 

19 

(38.0) 

16 

(32.0) 

19 

(38.0) 
  Ints 

4 (8.0) 2 (4.0) 29 (58.0) 19 (38.0) 33 (66.0) 14 (28.0) 4 (8.0) 11(22.0)     4 (8.0) 
27 

(54.0) 
ESBLs 

        
22 

(44.0)  

19 

(38.0) 

21 

(42.0) 
5 (10.0) 

33 

(66.0) 
PAIs 

5 (10.0) 2 (4.0) 26 (52.0) 15 (30.0) 28 (56.0) 12 (24.0) 5 (10.0) 8 (16.0) 
15 

(30.0) 

14 

(28.0) 

16 

(32.0) 
0(0.0)**  Int1 

0 (0.0) 0 (0.0) 3 (6.0) 1 (2.0) 5 (10.0) 2 (4.0) 0 (0.0) 1 (2.0) 4 (8.0) 2 (4.0) 3 (6.0)   Int2 

3 (6.0) 1 (2.0) 17 (34.0) 11 (22.0) 17 (34.0) 8 (16.0) 2 (4.0) 5 (10.0) 
12 

(24.0) 

10 

(20.0) 
   CTXM 

2 (4.0) 1 (2.0) 15 (30.0) 9 (18.0) 17 (34.0) 9 (18.0) 3 (6.0) 6 (12.0) 11(22.0)     SHV 

1 (2.0) 1 (2.0) 19 (38.0) 11 (22.0) 20 (40.0) 
11 

(22.0)* 
2 (4.0) 8 (16.0)      TEM 

1 (2.0) 
2 

(4.0)* 
10 (20.0) 6 (12.0) 10 (20.0) 5 (10.0) 3 (6.0)       PAI-I536 

2 (4.0) 
2 

(4.0)* 
4 (8.0) 2 (4.0) 5 (10.0) 2 (4.0)        PAI-II536 

2 (4.0) 1 (2.0) 13 (26.0) 5 (10.0) 14 (28.0)         PAI-III536 

5 (10.0) 2 (4.0) 30 (60.0) 17 (34.0)          PAI-IV536 

1 (2.0) 2 (4.0) 15 (30.0)           PAI-ICFT073 

5 (10.0) 2 (4.0)            PAI-ICFT073 

0 (0.0)             PAI-IJ96 

 Marker classes 

           
PAIs 

n(%) 

ESBLs 

n(%) 
 

           
38 (76.0) 

* 

31 

(62.0) 
Ints 

           37 (74.0)   ESBLs 

Note: * P<0.05; ** P<0.001 

2C 
Resistance to antibiotic classes  

Marker 

class 

 PSIs4    FASI1    DSIs 2    CWSIs3   

P-

value 

Yes 

n(%) 
No n(%)  

P-

value 
Yes n(%) No n(%)  

P-

value 
Yes n(%) No n(%)  

P-

value 

Yes 

n(%) 
No n(%)  

0.71 28(80.0) 11(73.3)  0.30 28(82.4) 11(68.8)  0.09 19(90.5) 20(69.0)  0.40 38(79.2) 1(50.0)  ESBLs 

<0.001 33(94.3) 5(33.3)  <0.001 32(94.1) 6(37.5)  <0.001 21(100.0) 17(58.6)  0.054 38(79.2) 0(0.0)  Ints 

0.51 34(97.1) 14(93.3)  0.098 34(100.0) 14(87.5)  0.50 21(100.0) 27(93.1)  0.99 46(95.8) 2(100.0)  PAIs 

Note: Cell-wall synthesis inhibitors (CWSIs); DNA-synthesis inhibitors (DSIs); Folic-acid synthesis inhibitors (FASI); 

Protein-synthesis inhibitors (PSIs). 

 

 

Figure 2. Dendrogram of PFGE patterns. As depicted here 12 common types and 26 single types have been identified. 



Elahe Sadat Hajimiri et al. 392 

       Volume 34, July & August 2026        Journal of Advances in Medical and Biomedical Research 

 

3.6 Interaction between markers, antibiotic resistance, 

and clusters 

Although carriers of the Ints class were less than the other 

two classes (76%), they showed significant resistance to 

all tested classes of antibiotics except for CWSIs (Table 

2C). Resistant isolates to COT, CTX, ATM, PIP, and 

GEN antibiotics significantly had a higher frequency of 

CTXM marker in comparison to susceptible bacteria. 

Regarding TEM, its frequency was significantly higher 

among resistant isolates to CTX and ATM antibiotics 

(Table 3A). Regarding integrons with AR-profile, in 

isolates resistant to COT, LVX, CIP, CTX, AMS, ATM, 

and PIP a significantly higher frequency of Int1 was seen. 

There were no significant differences between resistant 

and susceptible bacteria in the harboring of Int2 (p>0.05) 

(Table 3A).   The markers PAI-I536, PAI-II536, and PAI-IJ96 

were not associated with bacterial resistance to antibiotics 

(p>0.05). In the case of PAI-IIJ96 LVX-resistant isolates 

contained a significantly lower frequency of it, and its 

frequency was higher among LVX-susceptible bacteria. 

In comparison to CTX-susceptible isolates, CTX-resistant 

bacteria harbored a significantly higher frequency of PAI-

III536 marker. TET-resistant bacteria contained a 

significantly higher frequency of the most frequent PAI 

marker (PAI-IV536) among isolates. Bacteria that were 

susceptible to AMS had a higher frequency of PAI-ICFT073, 

and conversely, the frequency of PAI-IICFT073 was 

significantly higher in AMS-resistant isolates (Table 3A).  

There were significant results just for the Ints class and 

CTXM and Int1 markers (Table 3B).  87.1% of MDR 

isolates harbored Ints; however, with a significant 

difference (P= 0.04), 57.9% of non-MDR bacteria had 

Ints class.   12.5% of NXM isolates contained Ints class, 

which was significantly (P<0.001) lower than the 

occurrence of this class in non-NXM bacteria (88.1%). 

XDR bacteria contained a significantly (P=0.04) higher 

frequency of CTXM (72.7%) in comparison to non-XDR 

isolates (35.9%).    
12.5% of NXM isolates harbored the Int1 marker; 

however, 76.2% of non-NXM bacteria contained Int1, 

and the difference was significant (P<0.001). The 

frequencies of markers (A) and resistance to antibiotics 

(B) in different identified clusters are represented in Table 

4. Type E had the highest number of MDR and XDR 

UPECs. 

 

Table  3. (A):  Interaction of markers with the frequency of antibiotic resistance. (B): Frequency of resistance markers in MDR and XDR 

UPEC isolates. 

A: 
Antibiotics Resistance 

Marker TET 

n(%) 

PIP 

n(%) 

LVX 

n(%) 

IPM 

n(%) 

GEN 

n(%) 

FEP 

n(%) 

CTX 

n(%) 

COT 

n(%) 

CIP 

n(%) 

ATM 

n(%) 

AMS 

n(%) 

AMP 

n(%) 

AMK 

n(%) 
 

17(60.7) 19(67.9) 7(25.0) 1(3.6) 6(21.4) 14(50.0) 13(46.4) 15(53.6) 8(28.6) 11(39.3) 9(32.1) 0(0.0) 21(75.0) No 
CTXM 

15(68.2) 21(95.5) 11(50.0) 1(4.5) 13(59.1) 17(77.3) 18(81.8) 16(86.4) 12(54.5) 17(77.3) 11(50.0) 1(4.5) 17(77.3) Yes 

NS P=0.03 NS NS P=0.01 p=0.04 P=0.02 P=0.03 NS P=0.01 NS NS NS P-value  

20(69.0) 23(79.3) 9(31.0) 1(3.4) 8(27.6) 15(51.7) 16(55.2) 20 (69.0 10(34.5) 14(48.3) 13(44.8) 0(0.0) 21(72.4) No 
SHV 

12(57.1) 17(81.0) 9(42.9) 1(4.8) 11(52.4) 16(76.2) 15(71.4) 14(66.7) 10(47.6) 14(66.7) 7(33.3) 1(4.8) 17(81.0) Yes 

NS NS NS NS NS NS NS NS NS NS NS NS NS P-value  

16(59.3) 20(74.1) 10(37.0) 1(3.7) 9(33.3) 17(630) 12(44.4) 17(63.0) 9(33.3) 11(40.7) 11(40.7) 0(0.0) 21(77.8) No 
TEM 

16(69.6) 20(87.0) 8(34.8) 1(3.7) 10(43.5) 14(60.9) 19(82.6) 17(73.9) 11(47.8) 17(73.9) 9(39.1) 1(4.3) 17(73.9) Yes 

NS NS NS NS NS NS P=0.002 NS NS P=0.04 NS NS NS P-value  

0(0.0) 5(29.4) 2(11.8) 1(5.9) 5(29.4) 8(47.1) 6(35.3) 5(29.4) 2(11.8) 2(11.8) 9(47.1) 13(76.5) 8(47.1) No 
Int1 

1(3.0) 23(69.7) 16(48.5) 1(3.0) 27(81.8) 23(69.1) 25(75.8) 29(87.9) 18(54.5) 18(54.5) 23(69.7) 25(75.8) 32(97.0) Yes 

NS P<0.001 P=0.009 NS NS NS P=0.005 P<0.001 P=0.002 P=0.02 P=0.003 NS NS P-value  

28(62.2) 35(77.8) 16(35.6) 1(2.2) 16(35.6) 28(62.2) 28(62.2) 31(68.9) 18(40.0) 25(55.6) 18(40.0) 1(2.2) 35(77.8) No 
Int2 

4(80.0) 5(100.0) 2(40.0) 1(20.0) 3(60.0) 3(60.0) 3(60.0) 3(60.0) 2(40.0) 3(60.0) 2(40.0) 0(0.0) 3(60.0) Yes 

NS NS NS NS NS NS NS NS NS NS NS NS NS P-value  

25(64.1) 32(82.1) 15(38.5) 2(5.1) 16(41.0) 23(59.0) 25(64.1) 26(66.7) 17(43.6) 23(59.0) 17(43.6) 1(2.6) 29(74.4) No 
PAI-I536 

7(63.6) 8(72.7) 3(27.3) 0(0.0) 3(27.3) 8(72.7) 6(54.5) 8(72.7) 3(27.3) 5(45.5) 3(27.3) 0(0.0) 9(81.9) Yes 

NS NS NS NS NS NS NS NS NS NS NS NS NS P-value  

20(71.4) 24(85.7) 10(35.7) 2(7.1) 11(39.3) 18(64.3) 20(71.4) 19(67.9) 12(42.9) 18(64.3) 13(46.4) 1(3.6) 19(67.9) No PAI-

ICFT073 12(54.5) 16(72.7) 8(36.4) 0(0.0) 8(36.4) 13(59.1) 11(50.0) 15(68.2) 8(36.4) 10(45.5) 7(31.8) 0(0.0) 19(86.4) Yes 

NS NS NS NS NS NS NS NS NS NS P=0.045 NS NS P-value  

30(62.5) 39(81.3) 17(35.4) 2(4.2) 17(35.6) 30(62.5) 30(62.5) 32(66.7) 19(39.6) 27(56.3) 19(39.6) 1(2.1) 36(75.0) No 
PAI-IJ96 

2(100.0) 1(50.0) 1(50.0) 0(0.0) 2(100.0) 1(50.0) 1(50.0) 2(100.0) 1(50.0) 1(50.0) 1(50.0) 0(0.0) 2(100.0) Yes 

NS NS NS NS NS NS NS NS NS NS NS NS NS P-value  

28(62.2) 36(80.0) 15(33.3) 2 (4.4) 15(33.3) 27(60.0) 28(62.2) 29(64.4) 17(37.8) 25(55.6) 18(40.0) 1(2.2) 34(75.6) No 
PAI-II536 

4(80.0) 4(80.0) 3(60.0) 0(0.0) 4(40.0) 4(80.0) 3(60.0) 5(100.0) 3(60.0) 3(60.0) 2(40.0) 0(0.0) 4(80.0) Yes 

NS NS NS NS NS NS NS NS NS NS NS NS NS P-value  

8(53.3) 12(80.0) 4(26.7) 1(6.7) 5(33.3) 11(73.3) 8(53.3) 8(53.3) 5(33.3) 7(46.7) 3(20.0) 0(0.0) 11(73.3) No PAI-

IICFT073 24(68.6) 28(80.0) 14(40.0) 1(2.9) 14(40.0) 20(57.1) 23(65.7) 26(74.3) 15(42.9) 21(60.02) 17(48.6) 1(2.9) 27(77.1) Yes 

NS NS NS NS NS NS NS NS NS NS P=0.045 NS NS P-value  

27(60.0) 35(77.8) 13(28.9) 2(4.4) 15(33.3) 26(57.8) 27(60.0) 29(64.4) 16(35.6) 24(53.3) 17(37.8) 1(2.2) 35(77.8) No 
PAI-IIJ96 

5(100.0) 5(100.0) 5(100.0) 0(0.0) 4(80.0) 5(100.0) 4(80.0) 5(100.0) 4(80.0) 4(80.0) 3(60.0) 0(0.0) 3(60.0) Yes 

NS NS P=0.02 NS NS NS NS NS NS NS NS NS NS P-value  

21(60.0) 26(74.3) 12(34.3) 1(2.9) 11(31.4) 21(60.0) 17(48.6) 22(62.9) 12(34.3) 16(45.7) 11(31.4) 0(0.0) 29(82.9) No 
PAI-III536 

11(73.3) 14(93.3) 6(40.0) 1(6.7) 8(53.3) 10(66.7) 14(93.3) 12(80.0) 8(53.3) 12(80.0) 9(60.0) 1(6.7) 9(60.0) Yes 

NS NS NS NS NS NS P=0.01 NS NS NS NS NS NS P-value  

3(30.0) 7(70.0) 1(10.0) 0(0.0) 2(20.0) 6(60.0) 5(50.0) 6(60.0) 1(10.0) 5(50.0) 3(30.0) 0(0.0) 9(90.0) No 
PAI-IV536 

29(72.5) 33(82.5) 17(42.5) 2(5.0) 17(42.5) 25(62.5) 26(65.0) 28(70.0) 19(47.5) 23(57.5) 17(42.5) 1(2.5) 29(72.5) Yes 

P=0.02 NS NS NS NS NS NS NS NS NS NS NS NS P-value  
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Note: NS: non-significant. Amikacin (AMK), Ampicillin (AMP), Ampicillin-sulbactam (AMS), Aztreonam (ATM), Cefepime 

(FEP), Cefotaxime (CTX), Ciprofloxacin (CIP), Cotrimoxazole (COT), Gentamicin (GEN), Imipenem (IPM), Levofloxacin 

(LVX), Piperacillin (PIP) Tetracycline (TET). 

B: 
Resistance marker  MDR  XDR  

  No n(%)  Yes n(%) P  No n(%)  Yes n(%) P  

ESBLs  14(73.7) 25(80.6) 0.72  29(74.4) 10(90.9) 0.42  

Ints  11(57.9) 27 (87.1) 0.04  28(71.8) 10(90.9) 0.26  

PAI  19(100.0) 29(93.5) 0.52  37(94.9) 11(100.0) 0.99  

CTXM  9(47.4) 13(41.9) 0.71  14(35.9) 8(72.7) 0.04  

SHV  9 (47.4) 12 (38.7) 0.55  
15 

(38.5) 
6 (54.5) 0.34  

TEM  7 (36.8) 16 (54.6) 0.39  
19 

(48.7) 
4 (36.4) 0.47  

Int1  10(52.6) 23 (74.2) 0.12  
24 

(61.5) 
9 (81.8) 0.21  

Int2  1(5.3) 4(12.9) 0.64  4 (10.3) 1(9.1) 0.99  

PAI-I536  3(15.8) 8(25.8) 0.50  10(25.6) 1(9.1) 0.42  

PAI-ICFT073  9(47.4) 13(41.9) 0.77  16(41.0) 6(54.5) 0.50  

PAI-IJ96  1(5.3) 1(3.2)0.99 0.99  1(2.6) 1(9.1) 0.40  

PAI-II536  2(15.8) 2(6.5) 0.36  3(7.7) 2(18.2) 0.30  

PAI-IICFT073  15(78.9) 20(64.5) 0.28  26(66.7) 9(81.8) 0.47  

PAI-IIJ96  3(15.8) 2(6.5) 0.36  3(7.7) 2(18.2) 0.30  

PAI-III536 

PAI-IV536 

 5(26.3) 10(32.3) 0.66  
12 

(30.8) 
3 (27.3) 0.99  

 15(78.9) 25 (80.6) 0.99  31(79.5) 9(81.8) 0.99  

 

Table 4. Frequency of markers and AR in different identified PFGE clusters. 

(A) Markers A B C D E F G H I J K L 
Single 

type 
Total 

P 

value 

INTs 1 2 2 2 5 2 1 2 1 2 2 3 13 38 0.97 

Int1 0  2 2 1 4 2 1 2 0 2 2 3 12 33 0.37 

Int2 1 0 0 1 1 0 0 0 1 0 0 0 1 5 0.28 
ESBLs 1 1 2 2 6 1 2 2 2 1 2 3 14 39 0.60 

CTXM 0 1 2 1 4 0 1 2 1 1 1 2 6 22 0.81 

SHV 0 1 0 2 5 0 2 0 0 1 0 2 8 21 0.10 
TEM 1 1 0 1 3 1 2 2 2 1 2 0 7 23 0.22 

PAIs 2 2 3 2 5 2 2 2 2 3 2 3 18 48 0.41 

PAI_I_536 0 1 0 1 1 1 1 1 1 0 1 0 3 11 0.41 
PAI_II_536 0 0 0 0 0 1 1 0 0 0 1 0 2 5 0.32 

PAI_III_536 0 2 0 1 2 1 2 1 0 1 1 1 3 15 0.15 

PAI_IV_536 2 1 3 2 4 2 2 2 2 1 2 2 15 40 0.53 
PAI_I_CFT073 1 0 1 1 2 0 0 2 1 2 2 3 7 22 0.23 

PAI_II_CFT073 0 1 2 2 5 2 2 2 1 2 2 0 14 35 0.14 

PAI_I_J96 0 0 0 0 0 0 0 0 0 0 1 0 1 2 0.64 
PAI_II_J96 0 0 0 1 1 1 1 0 0 0 0 0 1 5 0.29 

(B) Antibiotics A B C D E F G H I J K L 
Single 

type 
Total 

P 

value 

COT 0 2 3 2 5 2 1 2 1 3 1 2 10 34 0.47 

LEV 0 0 1 1 4 1 1 0 1 0 1 3 5 18 0.33 

CIP 0 0 1 0 4 2 1 0 1 1 1 3 6 20 0.30 
CTX 0 2 2 1 6 2 2 2 1 1 1 3 8 31 0.21 

IMP 1 0 0 0 0 0 0 0 0 0 0 0 1 2 0.64 

FEP 1 1 2 1 6 2 1 1 0 2 1 3 10 31 0.72 
ATM 0 1 2 1 6 2 1 1 1 1 1 3 8 28 0.53 

AMS 0 1 2 0 4 1 0 1 1 0 1 2 7 20 0.79 

PIP 1 2 3 2 7 2 1 2 1 2 2 3 12 40 0.50 
AMP 1 0 2 2 6 2 1 2 0 3 2 2 15 38 0.09 

AMK 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0.99 

TET 2 1 2 2 4 2 1 1 1 2 2 2 10 32 0.98 

GEN 0 0 1 1 5 1 1 0 1 1 1 3 4 19 0.18 

FASIs 0 2 3 2 5 2 1 2 1 3 1 2 10 34 0.47 

DSIs 0 0 1 1 4 2 1 0 1 1 1 3 6 21 0.41 
CWSIs 2 2 3 2 7 2 2 2 1 3 2 3 17 48 0.64 

PSIs 2 1 2 2 6 2 1 1 1 2 2 3 10 35 0.80 
MDR 31 2 2 2 2 5 1 0 2 1 2 1 1 10 0.75 

XDR 11 0 0 1 0 2 1 0 0 0 0 1 2 4 0.71 

NXM 8 0 0 0 0 0 0 2 0 1 1 0 0 4 0.22 
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4. Discussion 

The global threat of resistant pathogenic UPEC strains is 

increasing due to their high frequency of transferring 

virulence genes and resistance markers in these bacteria 

(20, 21). Studying the AR patterns and distribution of 

resistance markers such as ESBLs, Ints, and PAIs in 

UPEC isolates can provide valuable epidemiologic 

information and help general practitioners to prescribe 

effective medication against resistant UPECs (22, 23).  

In this study, we have investigated patterns of resistance 

marker distribution and drug resistance in 50 E. coli 

strains isolated from 71 patients with UTIs.  
The isolation rate of 70.4% UPEC among catheterized 

ICU patients in this study, while apparently high, is 

consistent with the established role of UPEC as the 

predominant pathogen in catheter-associated urinary tract 

infections (CAUTI), accounting for approximately 65-

75% of complicated UTIs. The high prevalence observed 

may be attributed to the specific patient population (ICU 

setting with indwelling catheters), where the duration of 

catheterization and severity of underlying conditions are 

well-documented risk factors for infection. Previous 

studies have reported CAUTI prevalence rates ranging 

from 2.33% to 73.75%, reflecting the heterogeneity of 

ICU populations, infection control practices, and 

diagnostic criteria across different healthcare settings . 
An additional limitation of this study is the lack of 

comprehensive clinical data regarding patients' 

comorbidities, including diabetes mellitus, chronic kidney 

disease, immunosuppressive conditions, and 

corticosteroid use. These factors have been identified as 

significant risk factors for both the development of 

catheter-associated urinary tract infections and the 

acquisition of multidrug-resistant organisms. The 

presence of such comorbidities could have influenced the 

resistance profiles observed in our UPEC isolates, as 

patients with underlying diseases often have longer 

hospital stays, more frequent antibiotic exposure, and 

higher rates of invasive device utilization. Future studies 

should incorporate detailed clinical data to enable 

stratified analyses of resistance patterns according to 

comorbidity status. 

Miri et al. studied E. coli pathotypes among clinical 

isolates from Iran (Figure 3) and reported 10.58% UPEC 

isolates (24). However, here we found an overall 

prevalence of 21.3% UPEC in the cases, which may imply 

the growing rate of UPEC distribution. The majority of 

UPEC sources (64%) in our study were female 

participants, and the predominant female gender with 

UTI. 63.6% of the UTI patients (25) (Figure 3) and 81.6% 

of them from Iran were females (26). The proportion in 

central Iran (Figure 3) was 78% females and 22% males 

(27). Consistent with our results, Alkhudhairy et al. 

recently reported the highest resistance rate to AMP in 

UPECs isolated from UTI patients in Iran (Figure 3). They 

also found the highest susceptibility rate for IMP. The rate 

of MDRs among our studied isolates was 62% (Figure 

1D),  which  is  lower  than  the  80.8%  MDR  rate  they  

identified (28). Also, a study from Babol in the north of 

Iran   (Figure 3)   showed   that  in  UPEC  from  57  urine  

 

 
samples, IMP and CIP were the most sensitive antibiotics 

at 87.7% and 78.9% rates respectively (29).  

Although we also found IMP to be the most sensitive 

antibiotic in the current study, its frequency was slightly 

higher than the reported rate from Babol (Figure 3) and 

was detected at 94%. However, the frequency of 

sensitivity to CIP was much lower than that reported and 

was found to be 54%.  

Also, Issazadeh et al. reported from the north of Iran 

(Figure 3) that UPEC strains were highly resistant to COT 

60% (68% in our study), TET 60% (same as our findings), 

and GEN 50.9% (38% for our isolates) while being 

susceptible to CIP 56.4% (54% in our study) (25). 

Moghaddam et al. reported that all ESBL producing 

UPEC isolates from the north of Iran (Figure 3) were 

resistant to TET (100%), CTX (87.5%), FEP (62.5%), 

IPM (62%) and CIP (37.5%) (30). Compared with the 

results of Moghaddam et al., the resistance rate to TET, 

CTX, and especially to IPM was lower in our studied 

bacteria.  

A study from Isfahan city, Iran (Figure 3) showed that 

100% of UPEC isolates were susceptible to IPM (94% in 

the current study) and the rates of resistance to other 

antibiotics were as AMK (12.5%), GEN (14.84%), COT 

(25%), FEP (32%), CIP (55.46%), AMP (69.53%), and 

CTX (100%) (31). However, the prevalence of AR of E. 

coli varies from region to region in Iran (20). Co-

resistance is the result of the accumulation of resistance 

markers to different classes of antibiotics, which happens 

through mutation or acquisition of novel resistance genes 

by horizontal transfer (32).  

Considering antibiotic classes, the highest resistance was 

seen against CWSIs, and the highest susceptibility was 

found for DSIs (Figure1C). Therefore, DSIs such as 

ciprofloxacin and levofloxacin may still have a better 

antibiotic effect against UPECs. Surprisingly, Figure 1E 

showed that these two antibiotics represent the highest co-

resistance pattern with other antibiotics. This means that, 

with a high likelihood, bacteria resistant to these DSIs 

were also resistant to many other types of antibiotics. 

Bourély et al. introduced co-resistance to amoxicillin and 

TET as an Indicator of MDR in E. coli isolated from 

animals (33). 

Production of CTXM b-lactamases is a consequence of 

plasmid acquisition of the b-lactamases genes from other 

species. Due to the activities of these genes, some 

nosocomial and community-acquired infections caused 

by Gram-negative bacteria can now be treated with only a 

limited number of antibiotics (34-36). Also, it has been 

confirmed that the presence of Ints, especially Int1, is 

associated with the MDR phenotype in E. coli isolates 

(37-38). Furthermore, PAIs carry virulence genes and 

resistance markers and contain mobile genetic elements 

responsible for the development of UPECs (12-13).  

In the central region of Iran, Isfahan (Figure 3), Gholipour 

et al. found the TEM and SHV genes in 12.14% and 

7.47% of UPEC strains, respectively (27). Out of 92 UTI 

isolates from Hamadan, Iran (Figure 3), Hemati et al. 

reported 29.3%, and 17.4% of them possessed TEM and 

SHV markers, respectively (39).  
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However, we found that 42% of isolated UPECs from 

Zanjan (an adjacent province to Hamadan) contained 

SHV, and 46% harbored the TEM marker (Figure 3). 

These prevalence rates of TEM and SHV markers in the 

current study were remarkably higher than those reported 

from Isfahan (31) and Hamadan (Figure 3)  (39). 

Alkhudhairy et al. identified IntI1, intI2, and Int3 in  

61.6%, 6.6% and 0% of the UPECs isolated from UTI 

patients in the southwest of Iran (Figure 3), respectively 

(28). Likewise, we found these markers in 66%, 10%, and 

0% of the isolates as well. Also, Moghaddam et al. found 

Int1 in 97% of UPEC in the north of Iran (Figure 3) (30). 

These data show that among Ints, Int1 is a more prevalent 

resistance marker in UPECs in different regions of the 

country. Here we showed that among resistant isolates to 

DNA synthesis inhibitors, folic acid synthesis inhibitors 

(Cotrimoxazole), and protein synthesis inhibitors, the 

frequency of Ints class was significantly higher in 

comparison to non-resistant bacteria to these antibiotics. 

As reported from UTI patients of southwest Iran, the 

presence of integrons was significantly associated with 

resistance to AMP and CIP antibiotics  (28).   In this study, 

most UPEC sources were female participants, and most 

isolates were resistant to antibiotics. Although the highest 

resistance was seen against cell wall synthesis inhibitors, 

no significant resistance was observed to IMP and AMP, 

which belong to this class. The highest susceptibility rate 

was found for DSIs, and therefore, agents such as 

ciprofloxacin and levofloxacin may still have a better 

antibiotic effect against UPECs.  While our study provides 

valuable insights into the genetic diversity and resistance 

patterns of UPEC isolates in the Zanjan region, several 

limitations should be acknowledged. First, the sample size 

(n=50) limits the statistical power of subgroup analyses, 

particularly when comparing MDR versus non-MDR, 

XDR versus non-XDR, and resistance marker 

associations. Consequently, some associations that did not 

reach statistical significance in our analysis might become 

significant in larger cohorts. Second, the cross-sectional 

design of this study does not allow for assessment of 

temporal changes in resistance patterns or clonal 

transmission dynamics. Third, the study was conducted in 

a single geographical region (Zanjan province), which 

may limit the generalizability of our findings to other parts 

of Iran or other countries with different antibiotic 

prescription policies and epidemiological contexts. Future 

multi-center studies with larger sample sizes and 

longitudinal designs are warranted to validate these 

findings and to monitor the ongoing evolution of 

resistance determinants in UPEC populations. 

 

 

Figure 3. Geographical regions of discussed studies. The figure depicts markers and resistance distribution reported from the different 

areas of the country. 

 

5. Conclusion 

This study identified a UPEC prevalence of 70.4%, 

accompanied by concerning MDR (62%) and XDR 

(22%) rates. The most effective antibiotics were 

imipenem and amikacin. The marked presence of ESBLs 

(78%), integrons (76%), and PAIs (96%), along with a 

strong integron-MDR correlation, suggests that horizontal  

 

gene transfer significantly contributes to resistance 

dissemination. Furthermore, the existence of 38 PFGE 

types reveals considerable genetic diversity. These data 

highlight the pressing need for continuous resistance 

monitoring, rational antimicrobial use, and geographically 

tailored treatment guidelines to mitigate the growing 

threat of antimicrobial resistance in UTIs. 
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