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Abstract

Background and Aims: Urinary tract infections (UTIs) are prevalent among hospi-

talized patients, constituting the most frequent health‐care infections. Uropatho-

genic Escherichia coli (UPEC) is leading causative agent of UTIs. The present study

was aimed to examine the susceptibility of UPEC isolates obtained from nosocomial

cases to antibiotics, as well as their biofilm formation capability and frequency of

virulence genes.

Methods: A total of 100 UPEC isolates were collected from nosocomial UTIs at

Imam Reza Hospitals in Tabriz, Iran, spanning from April 2022 to January 2023. The

antimicrobial susceptibility patterns were evaluated using the disk diffusion method,

along with the detection of broad‐spectrum β‐lactam enzymes (ESBLs) and carba-

penemases. The ability of isolates to form biofilms was assessed using the microtiter‐

plate method, while the PCR method was employed to identify the presence of

virulence genes.

Results: The highest resistance was observed toward piperacillin (82%), followed by

aztreonam and ciprofloxacin (81%), while the lowest resistance was found against

piperacillin/tazobactam (12%) and meropenem (9%). ESBLs were detected in 62% of

the isolates. The microtiter‐plate results revealed strong, moderate, and weak biofilm

formation abilities in 32%, 33%, and 24% of the isolates, respectively. The most

prevalent virulence gene was fimA (74%) followed by hlyF (68%), papA (44%), papC

(32%), iroN (26%), and cnf (20%).

Conclusion: The elevated levels of resistance to multiple antimicrobial agents,

coupled with the co‐presence of virulence genes and biofilm formation abilities,

contribute to the persistence of UPEC‐related infections, particularly in hospitalized
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patients. These findings underscore the necessity of implementing an effective

program to control nosocomial UTIs caused by UPEC in the healthcare centers.
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antibiotics, biofilm, urinary tract infections, uropathogenic Escherichia coli, virulence

1 | INTRODUCTION

Escherichia coli is the most common bacterial pathogen isolated from

urinary tract infections (UTIs).1 Among different E. coli pathotypes,

uropathogenic E. coli (UPEC) is responsible for 90% of community—

and up to 50% of hospital‐acquired UTIs in both men and women.2

The impact of UPEC strains on public health is considerable. UTIs

represent a substantial socioeconomic problem with treatment costs

estimated to be several billion dollars annually for national health

resources.3 UTIs are common among women, children, elderly, and

immunocompromised individuals,4 and the risk of recurrence is

higher in women.5

The occurrence of nosocomial UTIs can be attributed to both

typical UPEC strains and atypical E. coli strains possessing the certain

virulence factors. The plasticity of the E. coli genome has facilitated

the transmission of various virulence encoding genes among E. coli

strains.2 UPEC has various virulence features including adhesins or

fimbriae, flagella, iron‐acquisition factors, biofilm formation ability,

and toxins such as hemolysin.6,7 These features provide the potential

for the pathogen to evade or overwhelm host defense mechanisms,

invade host cells, and induce inflammation in the host.3

The indiscriminate antibiotic therapy has led to the development

of multiple drug‐resistance (MDR) strains, which is considered a

major challenge in the treatment of UTIs.3 Although carbapenems

have been used to eliminate extended‐spectrum β‐lactamases

(ESBLs)‐producing and MDR pathogens, the development of

carbapenem‐resistant isolates has restricted their efficiency.8,9

Additionally, the ability to form biofilms supports the growth and

persistence of UPEC in the genitourinary tract by providing a

nutrient‐rich environment and protecting the bacteria from anti-

microbial agents and host defense mechanisms.7,10 Therefore, char-

acterizing the bacteria will enhance our understanding of their

pathogenesis and aid in the development of effective therapeutic

approaches for controlling UPEC. Undoubtedly, there are differences

between UPEC isolates causing hospital‐acquired UTIs and those

causing community‐acquired cases in terms of the level of anti-

microbial resistance and the presence of specific virulence factors. In

addition, the characteristics of pathogens different regarding the

presence of virulence factors and the level of antibiotic resistance

between strains in different regions and even different hospitals in

the same region. In a few published reports from the present region,

most characteristics related to the strains causing community‐

acquired UTIs or a limited number of virulence factors have been

studied. Therefore, studying the antibiotic susceptibility patterns and

virulence characteristics of the isolates that cause UTIs obtained from

the hospital provides useful information for adopting appropriate

strategies for the treatment and control of these infections. Thus, our

objective was to assess the antibiotic susceptibility patterns, biofilm

formation, and presence of virulence genes in UPEC isolates col-

lected from nosocomial UTI cases hospitalized at Imam Reza hospital

in Tabriz, Iran.

2 | METHODS

2.1 | Bacterial isolates

This study carried on 100 UPEC isolates collected from nosocomial

UTI patients admitted to Imam Reza Hospital of Tabriz between April

2022 and January 2023. In the present study, nosocomial UTIs were

considered as infections acquired after hospital stay at least 48 h

after admission. The presence of UTIs clinical sign and the use of

antibiotics by patients at the time of admission were considered as

exclusion criteria. The urine samples were cultured on blood agar and

MacConkey agar and incubated overnight at 35°C. The isolated

bacteria with a colony count higher than 105 CFU/mL were con-

sidered as UTIs agent and identified using Gram‐staining, micro-

biological standards, and biochemical tests. The identified isolates

were stocked in the Tryptic Soy Broth (TSB) containing 15% glycerol

at −70°C for the next steps.

2.2 | Antibiotics susceptibility testing

2.2.1 | Disk diffusion

Antibiotic susceptibility patterns were determined using the disk

diffusion methods conferring to the Clinical and Laboratory Stan-

dards Institute (CLSI) guideline.11 First, a suspension of tested bac-

teria equivalent to 0.5 McFarland's standard was inoculated on the

plates containing Muller‐Hinton Agar (MHA). Disks of cefepime

(30 µg), piperacillin (100 µg), ceftazidime (30 µg), piperacillin tazo-

bactam (100/10 µg), meropenem (10 µg), aztreonam (30 µg), amika-

cin (30 µg), tetracycline (30 µg), ciprofloxacin (5 µg), trimethoprim‐

sulfamethoxazole (1.25/23.75 µg), fosfomycin (200 µg), and ni-

trofurantoin (200 µg) were tested. After overnight incubation at

35°C, the inhibition zones around disks were interpreted based on

CLSI breakpoints. E. coli ATCC 25922 was considered as the quality

control strains for the susceptibility testing. In this study, MDR was

considered as nonsusceptibility to at least three groups of drugs.12
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2.2.2 | Detection of extended‐spectrum β‐
lactamases (ESBLs)

The ESBLs‐producing isolates were identified using the method

described by CLSI using ceftazidime, ceftazidime/clavulanate, and

cefotaxime/clavulanate disks.11 First, a lawn culture was prepared on

the MHA using a bacterial suspension equivalent to 0.5 McFarland

standard, and then the disks were placed on the agar. The plates were

incubated at 35°C for 18 h. An increase of more than 5mm in the

inhibition zone diameter detected for the disks containing ESBLs

inhibitor (clavulanate) in compression to the disk without inhibitor

was considered as ESBLs production. E. coli ATCC 25922 and Kleb-

siella pneumonia ATCC 70063 were used for quality control.

2.2.3 | Modified carbapenem inactivation method

Carbapenemase‐production was detected using Modified Carbapenem

Inactivation Method (mCIM) according to CLSI guidelines.11 Briefly, a

loop of tested bacteria and a meropenem disk (10 μg) were immersed

in 2mL TSB and incubated for 4 h at 37°C. Then, this disk was placed

on the MHA, which was previously inoculated with the 0.5 McFarland

suspension of E. coli ATCC 25922. After 24 h of incubation at 37ᵒC,

inhibition zone of 6–15mm and 16–18mm was considered as a

positive and intermediate results of tests, respectively. Inhibition zone

with a diameter more than 19mm was considered as a negative test

result (inability to produce carbapenemase by the bacteria).

2.2.4 | Detection of biofilm formation ability

The microtiter plate test (MPT) was performed to semiquantitatively

assay of biofilm formation according to the previously described

method.13 Bacterial colonies were inoculated in tube containing 4mL

of TSB and incubated for 20 h at 37°C. Then, this suspension was

diluted 1:100 in TSB supplemented with 1% glucose and 200 µL of

this was transferred to well of 96 well plates. After incubation

overnight at 37ᵒC, TSB with suspended bacteria was removed from

wells. The wells were carefully washed three times with PBS and air

dried. The attached biofilms to wells were stained using 200 µL of

0.9% crystal violet solution for 15min. After removing the crystal

violet, wells were washed with PBS and the attached dye was solu-

bilized with 95% ethanol. Optical density (OD) of the adherent bio-

film was determined by a microtiter plate OD reader at wavelength of

450–630 nm. Wells containing TSB and 1% glucose was considered

as a negative control and biofilm formation ability was interpreted

according to the Table 1.

2.2.5 | DNA extraction

DNA extraction was performed by boiling method. First, a fresh

colony of bacteria was dissolved in 20 μL lysate buffer and was

placed at 95°C for 10min. Then, this suspension was centrifuged for

1min at 12,000 rpm and 180 μL of deionized water was added to it.

Extracted DNA was stored at −20°C.

2.2.6 | Detection of virulence genes

PCR was used to detect of virulence genes cnf1،hlyA، hlyF، iroN، papA

papC, and fimH using specific primers (Table 2). Each PCR reaction

was performed in 25 µL of reaction mixture containing 2 µL of DNA

sample, 2 µL of each primer, 1.25 µL of MgCl2 (50mM), 0.5 µL d NTP

(10mM), 2.5 µL of PCR Buffer (10X), 1 µL of Taq polymerase (2.5 u/

µL), and 13.25 µL of distilled water. The PCR products were analyzed

by electrophoresis on 1% agarose gels in TBE buffer (89mM Tris

base, 89mM boronic acid, 2mM Na2, EDTA, pH 8.25). The agarose

gel was stained with DNA safe stain and visualized under UV light in

the Prescence of A 100 bp ladder as a DNA molecular size marker.

2.2.7 | Statistical analysis

The data were analyzed using the Statistical Package for the Social

Sciences (SPSS) software version 20. p ≤ 0.05 were considered to be

statistically significant.

3 | RESULTS

3.1 | Patients

In the present study, 100 UPECs were isolated from nosocomial UTIs

in 57 female and 43 male patients hospitalized at Imam Reza Hos-

pitals of Tabriz, Iran. The isolates were collected with the highest

frequency from patients in the ICU (37%), followed by surgery (19%),

urology (18%), infectious diseases (14%), transplant, lung (5%), and

endocrinology (2%) wards.

3.2 | Antibiotic susceptibility patterns

The highest frequency of resistance was observed to piperacillin

(82%), followed by aztreonam and ciprofloxacin (81%), cefepime

TABLE 1 Interpretation of OD obtained from the microtiter
plate assay.

Biofilm formation ability OD

Negative mean ODt ≥ODc

Weak ODc<mean ODt ≤ 2 ×ODc

Moderate 2 ×ODc <mean ODt ≤ 4 ×ODc

Strong 4 ×ODc <mean ODt

Abbreviations: C, control; t, test.
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TABLE 2 The primer sequences used in the present study.

Gene Primer sequence (5′—3′) Size of product (bp) References

cnf1 F: TTA‐TAT‐AGT‐CGT‐CAA‐GAT‐GGA
R: CAC‐TAA‐GCT‐TTA‐CAA‐TAT‐TGA

760 Van Bost et al.14

hlyA F: AGCTGCAAGTGCGGGTCTG

R: TACGGGTTATGCCTGCAAGTTCAC

569 Awad et al.15

hlyF TCGTTTAGGGTGCTTACCTTCAAC
TTTGGCGGTTTAGGCATTCC

444 Deku et al.16

iroN F: AAGTCAAAGCAGGGGTTGCCCG
R: GACGCCGACATTAAGACGCAG

665 Khasheii et al.17

papA F: ATGGCAGTGGTGTTTTGGTG
R: CGTCCCACCATACGTGCTCTTC

717 Rodriguez‐Siek et al.18

papC F: GTGGCAGTATGAGTAATGACCGTTA
R: ATATCCTTTCTGCAGGGATGCAATA

205 Rodriguez‐Siek et al.18

fimH F: GAGAAGAGGTTTGATTTAACTTATTG

R: AGAGCCGCTGTAGAACTGAGG

559 Tajbakhsh et al.19

F IGURE 1 Antibiotics susceptibility patterns of bacterial isolates studied in the present study.

(75%), ceftazidime (74%), cotrimoxazole (71%), tetracycline (54%),

amikacin (31%), nitrofurantoin (21%), fosfomycin (15%), piperacillin/

tazobactam (12%), and meropenem (9%) (Figure 1). The antibiotic

susceptibility patterns of isolates from different hospital wards are

shown in Table 3. According to the antibiotic susceptibility patterns,

87% of isolates were MDR. According to the χ2, no significant asso-

ciation was observed between resistance to antibiotics and MDR

phenotype with the hospital wards where the bacteria were isolated

(Table 3).

3.3 | ESBLs production

Based on the results of the ESBLs detection by phenotypic method,

62% of the isolates were ESBLs producers. Among the ESBLs‐

producing isolates, 79% were resistant to at least three groups of

antibiotics and were reported as MDR. The highest antibiotic sensi-

tivities of ESBLs‐producing isolates were observed for meropenem

(93.5%), fosfomycin (87.1%), nitrofurantoin (79%), amikacin (64.5%),

tetracycline (64.5%), cotrimoxazole (27%), and ciprofloxacin (17.7%).
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According to the χ2 test, there was a significant association between

ESBLs‐ producing isolates and hospital wards (p < 0.05).

3.4 | Carbapenemase production

In the present study, 9 isolates were resistant to meropenem disk

(10 µg) and considered as carbapenem resistant. Based on the mCIM

results, 8 out of 9 carbapenem‐resistant isolates were carbapene-

mase producer. Except for the isolate without carbapenemase en-

zyme, other carbapenem resistant isolates were nonsusceptible to at

least three class of antibiotics and MDR. Among carbapenem‐

resistant isolates, higher sensitivity was observed to nitrofurantoin

(88.9%), followed by amikacin (77.8%), fosfomycin (66.7%), co-

trimoxazole (44%), ciprofloxacin (33.3%), and ciprofloxacin (11.1%).

Based on the χ2 test, there was not a significant association between

ESBLs‐producing isolates and hospital wards (p > 0.05).

3.5 | Biofilm formation ability

According to the results of MTP method, 32% were strong biofilm

formers, 33% were moderate biofilm formers, and 24% were weak

biofilm formers, while 11% of isolates did not show the biofilm

formation ability (Table 4). Based on the χ2 test, no significant

association was observed between biofilm formation ability and

the hospital wards from which the bacteria were isolated

(Table 4).

3.6 | Presence of virulence genes

In this study, the most common virulence genes were fimA (74%),

followed by hlyF (68%), papA (44%), papC (32%), iroN (26%), hlyA

(25%), and cnf (20%). The presence of virulence genes in isolates

collected from different hospital wards is shown inTable 5. According

to the χ2 test, no significant association was observed between theT
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TABLE 4 Biofilm formation ability of bacterial isolates from
different hospital wards.

Wards

Biofilm formation ability (%)

Strong Moderate Weak Negative

ICU 32.4 24.3 29.7 12.5

Surgery 36.8 47.4 5.3 5.3

Urology 27.8 27.8 27.8 11.1

Infectious 21.4 42.9 14.3 14.3

Transplant 0 0 40 0

Lung 60 20 0 20

Endocrinology 0 50 50 0

p Values 0.40 0.31 0.20 0.82
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presence of virulence factors with the hospital wards which the

bacteria were isolated (Table 5).

The co‐presence virulence gene patterns of bacterial isolates are

shown inTable 6. At least one virulence gene was present in 99% of the

isolates. The most frequent pattern of virulence genes was fimA+hlyF

+papA and fimA+hlyF, which were detected in 8% and 7% of isolates,

respectively. According to the Kruskal–Wallis test, no significant asso-

ciation was observed between the co‐presence virulence gene patterns

and the hospital wards from which the bacteria were isolated.

4 | DISCUSSION

UPEC strains are the most common cause of nosocomial UTIs,

which are a considerable concern for public health, resulting in

increased costs and mortality rates worldwide. Drug resistance and

the presence of virulence factors such as the capacity for attach-

ment to different surfaces and biofilm formation, are two important

characteristics of UPEC strains that contribute to their ability to

cause nosocomial UTIs. In this study, the highest frequency of

resistance was observed for piperacillin (82%), followed by az-

treonam and ciprofloxacin (81%). Based on the Infectious Diseases

Society of America (IDSA) principle, cotrimoxazole is the drug of

choice for antibiotic therapy of UTI patients in settings where more

than 80% of isolates be nonresistance to this drug.20 If the fre-

quency of cotrimoxazole resistance exceeds 20%, quinolones may

be considered as the alternative choice for UTIs patients. Therefore,

these antibiotics do not seem to be an appropriate choice for UTIs in

our health centers.

Several studies from Iran have reported a high frequency of

resistance to cotrimoxazole, fluoroquinolone, aminoglycosides and

β‐lactams among Enterobacteriaceae and E. coli isolated from UTIs.

Malekzadegan and colleagues reported the highest and lowest fre-

quencies of resistance to ampicillin (88.9%), and imipenem (0.8%),

respectively, among E. coli isolated from UTIs patients. Additionally,

the resistance to ciprofloxacin was 55.6%. They reported that 77.8%

of isolates were MDR and 54.8% were considered ESBLs produc-

ers.21 In another study, high resistance rates were observed to nali-

dixic acid (82%), ciprofloxacin (78%), cephalothin (62%), and co-

trimoxazole (59%).22 Fatima and colleagues reported the high

resistance of UPEC strains to ampicillin, cefixime, ceftriaxone, nali-

dixic acid, ciprofloxacin, and ofloxacin.23 The high frequency of

resistance to cephalosporins, cotrimoxazole, and ciprofloxacin has

been reported among UPEC isolates from Egypt.24 Ashika and col-

leagues from India, reported UPECs with resistance to several anti-

biotics and highest sensitivity to imipenem (91%) and amika-

cin (91%).25

In the present study, ESBLs producing isolates were isolated

from 62% of the patients. Several studies reported more than 50%

TABLE 5 The frequency of virulence genes in different hospital
wards.

Frequency of virulence genes (%)

Wards fimA hlyF papA papC iroN hlyA cnf

ICU 73 64.9 32.4 37.8 29.7 24.3 24.3

Surgery 89.5 78.9 42.1 26.3 31.6 21.1 15.8

Urology 66.7 61.1 61.1 38.9 11.1 27.8 11.1

Infectious diseases 64.3 64.3 50 35.7 35.7 28.6 21.4

Transplant 80 80 40 0 0 20 40

Lung 80 80 60 20 20 40 0

Endocrinology 50 50 50 0 0 0 50

p‐Value 0.65 0.97 0.57 0.56 0.45 0.97 0.50

TABLE 6 Various co‐presence of virulence genes detected in bacterial isolates.

The presence of virulence genes patterns Frequency (%)

fimA+hlyF+papA 8

fimA+ hlyF 7

fimA+hlyA+cnf+papC+iroN+hlyF+papA, fimA+papC+iroN+hlyF 5

fimA+hlyA, fimA+papC+iroN+hlyF, fimA+papC+hlyF+papA, fimA+iroN+hlyF+papA and hlyF 4

fimA+hlyA+hlyF 3

fimA+hlyA +papC+ hlyF, fimA+hlyA+ papC+papA, fimA+hlyA+hlyF+papA, fimA+cnf+papC+hlyF+papA, fimA+papC+iroN

+hlyF+papA, fimA+papA, cnf+hlyF+papA, fimA+hlyA+papA, cnf, papC+papA, fimA+hlyA+cnf, fimA+hlyA+papC+hlyF

+papA, fimA+hlyA+papC and fimA+hlyA+iroN+hlyF+papA

2

fimA+hlyA+iroN+hlyF, fimA+cnf+papC+iroN+hlyF, fimA+cnf+papC+hlyF, fimA+cnf+papC, fimA+cnf+iroN+hlyF+papA,

fimA+cnf+iroN+hlyF, fimA+cnf+iroN, fimA+cnf+hlyF+papA, fimA+cnf+hlyF, fimA+papC+hlyF, fimA+papC+papA, fimA

+iroN, hlyA+cnf+iroN+hlyF, hlyA+cnf+hlyF+papA, hlyA+papC+papA, hlyA+hlyF, hlyA, cnf+papC+hlyF+papA, cnf+papC

+papA, cnf+iroN+hlyF+papA, cnf+iroN+papA, papC+iroN+hlyF, papC+hlyF, papC, iroN, hlyF+papA, and papA

1
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frequency of ESBLs producing UPEC isolates from different

countries.21,24,25

The ESBLs expression is associated with resistance to various

β‐lactamases except for cephamycins or carbapenems. There is an

increasing concern for ESBLs‐ producing MDR UPECs, which show

commonly cross‐resistance to several classes of antimicrobial agents.

Therefore, there is limited options for effective antibiotic therapy of

UTIs caused by ESBLs‐producing MDR UPECs.26 Carbapenems are

the most effective drug for treatment of UTIs caused by these iso-

lates. However, the development of carbapenem resistant isolates

may decrease their efficiency. Similar to others reports, in our study,

while the lowest resistance was found to meropenem (9%). Ashika

and colleagues reported resistance to imipenem in 9% of isolates, ‐

while Yekani and colleagues reported it in 3.2% of isolates.25,27

Therefore, carbapenems can be used to treat UTIs caused by ESBLs‐

producing and MDR UPECs isolates. However, the develop of

carbapenem‐resistant UPEC strains highlights the importance of

performing an antibiogram before beginning the antibiotics therapy

of UTIs patients, as well as the necessity of controlling the spread of

carbapenem‐ resistant strains.

Several virulence factors contribute to the attachment and col-

onization of UPEC in the epithelium urinary tract. Biofilm formation

ability is the most essential feature of UPEC strains for the coloni-

zation, persistence, and recurrence of UTIs. Biofilms protect UPEC

strains against harsh environmental circumstances, antimicrobial

drugs, and the host's immune defense.28 The MTP results revealed

strong, moderate, and weak biofilm formation abilities in 32%, 33%,

and 24% of the isolates, respectively. Our observations were similar

to the findings of Alshaikh and colleagues, which demonstrated that

31%, 29%, 32%, and 8% of the UPEC isolates were strong, moderate,

weak, and nonbiofilm producers, respectively.24 Zhao and colleagues

showed that more than 84% of UPEC isolates presented high capa-

bility to form biofilm in Iranian patients.29 It has been proposed that

isolates with lower rate of antimicrobial resistance mostly depend on

biofilm formation to maintain their survival.24 Consequently, during

treatments of UPEC infections, the biofilm formation capability of

strains should be taken into account to prevent therapeutic failure

and/or recurrence of infections.24

UPEC is the main cause of UTIs in both community and hospital

settings.7 It possesses various virulence factors such as adhesins

(P fimbriae, type 1 fimbriae, curli fibers, S fimbriae, F1C fimbriae, Dr

fimbriae, afimbrial adhesins, and PapC), toxins (as α‐hemolysin,

cytotoxic necrotizing factor, and serine protease autotransporter),

and siderophore‐iron transporter proteins that enable the bacterium

to colonize urinary tract, evade host defense mechanisms, and ulti-

mately damage the uroepithelium.5,30 The presence of some viru-

lence factors may contribute to biofilm formation. Furthermore,

factors like cellular hydrophobicity, surface electric charge, outer

membrane proteins, and adhesion material properties contribute to

biofilm formation on abiotic surfaces.26

The most common virulence genes were fimA (74%,) followed by

hlyF (68%), papA (44%), papC (32%), iroN (26%), and cnf (20%). Far-

ajzadeh sheikh and colleagues reported that among 232 UPEC

strains, the common virulence factors were kpsM (23%), neuA (76.3%,

capsule), cnf (29.6%, toxin), and Pap (54.8%, adhesin).3 Dadi and

colleagues reported that the most frequent UPEC virulence genes

were fimH, aer, hly, pap, cnf, sfa, and afa, respectively.6 Another

research performed by Landraud and colleagues indicated that the

cnf1 gene was detected in 30% of the strains.31 The most commonly

detected virulence factors in Mashayekhi and colleagues study were

fim (71.2%), set‐1 (66.6%), iha (62.1), papGI (59%), usp (56%), and sen

(22.7%).32 Moreover, it has been shown that the fim gene was highly

detected in 92.5% of UPEC strains. Additionally,the sfa, pap, and hly

genes were observed in 53.8%, 38.7%, and 18.5% of isolates,

respectively. Further, the cnf gene was detected in 12.1% of

strains.10 The difference in the frequency of virulence factors among

different studies can be due to difference in sample size and meth-

odology. In addition, there is a considerable correlation between

UPEC phylogroup and some virulence factors.6 These diverse profiles

of virulence factors among UPEC phylogroup may be due to the

presence of chromosomal or plasmid encoded‐genes for virulence

factors, as well as the potential for gene transfer between strains.33

5 | CONCLUSION

The results of the present study show the high frequency of MDR

E. coli isolates causing nosocomial UTIs, which leads to considerable

limitations in the treatment of these infections. Therefore, effective

antibiotic therapy for UTIs caused by these strains should be based

on the results of antibiotic sensitivity assay, which requires collabo-

ration between clinicians and the laboratory. The presence of dif-

ferent virulence factors and the ability to form biofilms, on the one

hand, and the high level of resistance to various antibiotics, on the

other, provide the potential of the E. coli isolates to cause chronic and

difficult‐to‐treat UTIs. Therefore, a change in patterns is critical for

epidemiological surveillance and control plans for UTI infections in

our hospitals.
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