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Abstract

Background Uropathogenic Escherichia coli (UPEC) is the predominant cause of urinary tract infections (UTls), and
the recurrence of these infections poses significant treatment challenges.

Objective This study aimed to compare the phylogroups, biofilm formation, virulence factors, and antibiotic
resistance of UPEC strains in patients with recurrent versus non-recurrent UTls in Hamadan City, Western Iran.

Materials and methods A total of 110 E. coli isolates were collected from urine cultures across three major hospitals
and laboratories. The isolates were confirmed through biochemical tests, and their antibiotic resistance profiles were
evaluated using the disk diffusion method. Biofilm production was assessed using the microtiter plate method, while
virulence genes and phylogroup determination were analyzed via PCR. Real-time PCR was employed to compare the
expression levels of the pap and fimH virulence genes.

Results The results indicated that 73% of isolates were from non-recurrent UTI patients, with a higher incidence

in females and children under 10 years. A significant difference was detected in the underlying diseases and the
expression of the pap between the recurrent and non-recurrent groups. Antibiotic resistance was notably significant,
particularly against Ampicillin-sulbactam, Trimethoprim-Sulfamethoxazole, Nalidixic acid, and Ciprofloxacin, with
77% of strains classified as multi-drug resistant (MDR). Despite differences in the rates of ESBL production between
recurrent (53%) and non-recurrent (42.5%) strains, no significant differences were observed in antibiotic resistance,
biofilm formation, virulence factors, or phylogroups between the two groups. Phylogenetic analysis revealed a
predominance of phylogroups B2 and D, with high genetic diversity among the isolates.
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understanding and management of recurrent UTls.

Conclusion The study highlights the traits of UPEC strains in recurrent and non-recurrent UTls, showing high
antibiotic resistance and genetic diversity among isolates. The study found notable differences in underlying diseases
and the expression of the pap gene between recurrent and non-recurrent groups, suggesting that these factors

may play a crucial role in the recurrence of infections. Further investigation into these differences could enhance our

Keywords Uropathogenic Escherichia coli, Recurrent urinary tract infection

Background

Urinary tract infections (UTIs) present significant chal-
lenges primarily due to high recurrence rates and resis-
tance to first-line antibiotics [1]. UTIs are among the
most prevalent infectious diseases globally, predomi-
nantly caused by uropathogenic Escherichia coli (UPEC)
[2]. These infections can lead to various conditions,
including asymptomatic/symptomatic, acute, chronic,
and recurrent bacteriuria [3]. UPEC strains are the most
common pathogens, accounting for 85% and 50% of com-
munity-acquired and hospital-acquired UTIs, respec-
tively [4]. Risk factors for contracting this disease include
gender (being female), previous UTIs, sexual activity, use
of condoms/diaphragms/spermicides, vaginal infections,
trauma, diabetes, obesity, and genetic susceptibility/ana-
tomical abnormalities [5]. While UTIs can occur in both
men and women, the incidence among female patients is
significantly higher than that among male patients due
to anatomical differences [6]. Recurrence in this disease
presents a significant challenge in patient treatment [3].
Recurrent urinary tract infections (RUTI) are prevalent
and create notable clinical difficulties. Although the term
RUTT has been vaguely defined for an extended period, a
consensus definition has developed in recent years. Thus,
RUTI is defined as “three episodes of UTI with a posi-
tive urine culture in the past 12 months or two episodes
within 6 months,” and evidence indicates that RUTI may
arise from one of two mechanisms: recurrent ascending
infections or chronic infection/infection in the bladder.
The pathogenesis of recurrent UTI involves either bac-
terial reinfection or bacterial persistence, with the for-
mer being more common [7]. The key characteristic of
UPEC strains is their ability to colonize the surfaces of
host uroepithelial cells, facilitated by adhesion factors
and the production of hemolysin and pili. This coloni-
zation results in increased damage to cells and tissues.
The likelihood of repeated relapses is likely due to bac-
terial defense mechanisms and antibiotic resistance [8].
The global rise in the prevalence of UPEC that produce
broad-spectrum [-lactamase (ESBL), which contributes
to the emergence of multidrug resistance, leads to an
increase in the severity of urinary tract infections (UTIs).
The resistance of UPEC to the commonly prescribed
antibiotic Trimethoprim-sulfamethoxazole has risen in
the last decade, necessitating the use of last-line antibi-
otics such as fluoroquinolones [8, 9]. Given the limited

studies that have compared and investigated recurrent
versus non-recurrent urinary infections, and considering
the clinical significance of urinary infections caused by
UPEC and the recurrence of infections from this bacte-
rium, the aim of this study was to compare phylogroups,
biofilm formation, virulence factors, and antibiotic resis-
tance of UPEC strains in patients with recurrent and
non-recurrent urinary tract infections. This research
was conducted among hospitalized patients and those
referred to medical laboratories outside the hospital in
Hamadan, west of Iran.

Methods

UPEC isolates

In a cross-sectional study, urine cultures were collected
from hospitalized patients and those referred to medical
laboratories outside the hospital in Hamadan city, west of
Iran, between May and November 2023. Urine samples
were cultured in the microbiology laboratory, and E. coli
isolates were identified and confirmed using standard
microbiological and biochemical tests [10]. Demographic
information of patients, including age, sex, history of
urinary tract infections, prescribed antibiotics, and the
number of visits to the hospital or specialist doctor’s
office, was recorded.

Antibiotic susceptibility

The susceptibility of E. coli strains to Ampicillin-sul-
bactam (10 / 10 pg), Ceftriaxone (30 pg), Nalidixic acid
(30 pg), Ciprofloxacin (5 pg), Levofloxacin (30 ug), Ami-
kacin (30 pg), Gentamicin (10 pg), Amoxicillin / cla-
vulanate (20/10 pg), Trimethoprim/sulfamethoxazole
(1.25/23.75 pg), and Nitrofurantoin (300 pg) (Mast,
UK) was evaluated using the Kirby-Bauer disc diffusion
method, following the Clinical Laboratory Standards
Institute (CLSI 2023) guidelines [11].

ESBL producing detection

Phenotypic detection of E. coli strains that produce
ESBL was conducted using the double-disc synergy test
(DDST) in accordance with CLSI guidelines, as previ-
ously described [11].

Biofilm formation assay
The ability of E. coli strains to form biofilms was quanti-
tatively assessed using a microtiter plate and the crystal
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violet method, as described in previous studies [12]. The
biofilm formation test was repeated three times to mini-
mize error, and the average of these three trials was
included in the calculations.

Virulence factor detection

Genomic DNA from freshly cultured E. coli colonies was
extracted using the boiling method. All E. coli strains
underwent gene identification for virulence factors,
including adhesions (fimH, pap, and sfa) and hemoly-
sin (hlyA), via PCR with specific primers obtained from
Metabion, Germany, following previously established
protocols [13—16], as detailed in Supplementary file 1.

Phylogenetic grouping

The phylogenetic classification of all E. coli isolates was
performed using a PCR assay to identify the primary E.
coli phylogenetic groups (A, B1, B2, and D). This involved
using primers that target the chuA (279 bp), yjaA
(211 bp), and TspE4C2 (152 bp) genes [17].The PCR reac-
tion consisted of an initial denaturation step at 95 °C for
5 min, followed by.

35 cycles of 60 s at 94 °C, an annealing step (at 55 °C for
chuA and TspE4C2 and 54 °C for yjaA at 15 s), extension
step at 72 °C for 30 s and a final extension step at 72 °C
for 10 min.

ERIC-PCR

The genetic linkage of all E. coli isolates was assessed
using the ERIC-PCR technique. This procedure utilized
primers as previously described [18]. The ERIC-PCR
band patterns on the agarose gel were compared using an
online database (inslico.ehu.es). The band patterns were
analyzed using the Dice coefficient and clustering was
performed using the unweighted pair group method with
arithmetic mean (UPGMA).

Real-time PCR

To compare the expression levels of pap and fimH genes
in recurrent and non-recurrent strains of E. coli, the
Real-time PCR method was employed. A total of 10
recurrent strains and 10 non-recurrent strains, both
positive for these genes, were selected for analysis. Total
RNA was extracted using the RNA extraction kit (RNX-
Plus solution from SinaClon Co., Iran) and subsequently
converted to cDNA using the cDNA synthesis kit (Par-
stous Co., Iran). The synthesized cDNA was stored at
-20 °C for use as DNA templates in the Real-time PCR
reactions. The quantification of cDNA in real-time was
performed using the SYBR Green PCR master mix and a
detection system provided by Roche, Germany. The opti-
mized reaction mixture consisted of a 10X master mix,
1 pl of each primer (10 pmol) as previously detailed, 2 ul
of cDNA (at a concentration of 100 ug/ml), and 6 pl of
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DEPC-treated water, achieving a final volume of 20 pl.
The 16 S rRNA gene primer served as the internal control
[18].The amplification process involved 40 cycles, starting
with an initial denaturation at 95 °C for 5 min, followed
by denaturation at 95 °C for 10 s, annealing at 60 °C for
20 s for 16 S rRNA and fimH and 63 °C for 20 s for pap
gene, Elongation at 72 °C for 30 s, and a melting curve
at 60 °C for 15 s, and finally, final denaturation at 94 °C
for 15 s. Expression values (R) were determined using the
AACt method [19]. The expressions of all genes were cal-
culated using the 2724t method (fold).

Statistical analysis

Qualitative variables were reported as frequencies
and percentages, while quantitative variables were
expressed as means and standard deviations. To compare
phylogroups, biofilm formation, virulence factors, and
antibiotic resistance between the two groups of relaps-
ing and non-recurring patients, the chi-square test or
Fisher’s exact test was employed. The t-test was utilized
to compare the expression levels of fimH and pap genes
between the two groups. A significance level of 0.05 was
set for all tests. Data analysis was performed using Stata
17 software.

Results
Demographic information of patients with UTI
In this study, a total of 110 E. coli isolates were collected
from urine cultures of hospitalized patients and those
referred to diagnostic laboratories outside the hospital.
Among these 110 E. coli isolates, 30 (27%) were from
patients with recurrent UTIs, while 80 (73%) were from
patients with non-recurrent UTIs. Additionally, of these
110 isolates, 15 (13.6%) were collected from medical diag-
nostic laboratories outside the hospitals (community),
and 95 (86.4%) were collected from the hospitals. The fre-
quency of E. coli strains in females was 85 (77.27%) com-
pared to 25 (22.73%) in males. Among female patients,
72% experienced non-recurrent UTIs, whereas 28% had
recurrent UTIs. In male patients, 76% had non-recurrent
UTTIs, while 24% had recurrent UTIs. There was no rela-
tionship between recurrent and non-recurrent infec-
tions (CL:95%, P=0.676). The number of recurrences in
patients with recurrent urinary tract infections varied,
with two occurrences in the last six months being more
frequent than other recurrences (Fig. 1). The highest fre-
quency of E. coli isolates occurred in the age group of
0-10 years, with 31 patients (28.18%), while the lowest
frequency was found in the age group of 91-100 years,
with 1 patient (0.9%). The distribution of E. coli infections
in other age groups is detailed in Supplementary file 2.
The patients presented with various types of uri-
nary infections, including acute cystitis in 65 cases
(59%), chronic cystitis in 30 cases (27.3%), and acute
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Fig. 1 Distribution of recurrence frequency in patients with recurrent urinary tract infection

pyelonephritis in 15 cases (13.7%). An examination of
underlying conditions in patients with UTIs showed that
66 patients (60%) had one or more underlying health
issues. Among these, eighteen patients (27.3%) had kid-
ney-related problems, such as hydronephrosis, kidney
stones, or transplant kidneys, ten patients (15.15%) had
bladder-related issues, such as urinary reflux or urethral
strictures. Nine patients (13.63%) had diabetes, while
eight patients (12.12%) had other disorders, includ-
ing rheumatism, asthma, and anemia. Additionally, six
patients (9%) experienced prostate enlargement, and
another six patients (9%) had high blood pressure. Four
patients (6%) had gastrointestinal problems, and three
patients (4.54%) suffered from heart problems (Fig. 2). A
significant difference was observed in the underlying dis-
eases between the recurrent and non-recurrent groups
(CIL: 95%, P=0.028).

Antibiotic resistance patterns

The results of resistance to various antibiotics in E. coli
isolates are presented in Table 1. The highest resistance
was noted for Ampicillin-sulbactam (81.8%), followed
by Nalidixic acid and Trimethoprim/sulfamethoxazole
(71.8%). Over 60% of isolates exhibited resistance to Cip-
rofloxacin and Ceftriaxone, while more than 50% were
resistant to Levofloxacin, and 40% showed resistance to
Gentamicin. Additionally, the frequency of antibiotic
resistance in recurrent and non-recurring strains is com-
pared in Table 1. It was found that 85 (77%) strains were
multi-drug resistant (MDR). Among these, 25 (83.3%)
and 60 (75%) of the non-recurring and recurring strains
displayed the MDR phenotype, respectively. A total of
50 (45.4%) strains were identified as ESBL-producing
strains. Of these 50 ESBL-producing strains, 37 (33.63%)
were from hospitalized patients and 13 (11.81%) from
outpatients. In total, 42.5% of non-recurring strains
and 53% of recurring strains were ESBL producers. No
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Fig. 2 Frequency distribution of underlying diseases in patients with recurrent and non-recurrent urinary tract infections

significant difference was observed in antibiotic resis-
tance and ESBL frequency between the two groups of
recurrent and non-recurrent strains (Table 1).

Biofilm phenotype of strains

Out of 110 E. coli isolates obtained from the urine of
patients with urinary tract infections, 80 isolates (72.8%)
were capable of forming biofilms. Among the 80 biofilm-
forming isolates, 65 (81.2%) produced weak biofilms,
while 15 (18.8%) produced moderate biofilms. No isolates
exhibited strong biofilm formation. Of the 30 recurring
strains, 10 isolates (33%) did not produce biofilm, 18 iso-
lates (60%) were weak biofilm producers, and 2 isolates
(7%) were moderate biofilm producers. Among the 80
non-recurring strains, 20 isolates (25%) did not produce
biofilm, 47 isolates (59%) produced weak biofilms, and
13 isolates (16%) produced moderate biofilms (Table 1).
The results indicated that there was no statistically sig-
nificant difference in biofilm formation between the two
groups of recurrent and non-recurrent strains (CI: 95%,
P=0.362).

Frequency of genes encoding virulence factors

PCR results of virulence genes from 110 E. coli isolates
indicated a higher rate of fimH (88%) compared to other
virulence genes, followed by pap (60%), sfa (20%), and
hlyA (11%). The frequency of virulence genes in the two
groups, recurrent and non-recurrent, was investigated
and compared. The frequency of the fimH gene was 80%
in non-recurrent strains and 91% in recurrent strains.
The frequency of the pap gene in non-recurrent strains
was 56%, while in recurrent strains it was 61%. The fre-
quency of the sfa gene was 20% in both groups, and the
frequency of the hlyA gene was 10% in non-recurrent
strains and 11% in recurrent strains (Fig. 3). There was
no relationship between virulence factors from recurrent
and non-recurrent infections (Table 1).

Phylogenetic groups

The prevalence order of E. coli phylogroups in UTI was
as follows: B2 (68%), D (20%), A (7%), and B1 (4%). The
prevalence of phylogroups in non-recurring strains was
investigated and compared to recurring strains. In non-
recurring strains, the phylogroup distribution was B2



Mahshouri et al. BMC Infectious Diseases

(2025) 25:267

Page 6 of 13

Table 1 Comparison of frequency of phylogroups, antibiotic resistance patterns, virulence factors, ESBL production and biofilm
formation strength in uropathogenic E. Coli strains in recurrent and non-recurrent urinary tract infections

Variables Recurrent (Cl: 95%) Non-recurrent (Cl: 95%) p-value
Phylogroup A 10% (3.22,27.07) 6.25% (2.60, 14.28)
Phylogroup B1 10% (3.22,27.07) 2.5% (0.62, 9.58)
Phylogroup B2 60% (41.75,75.84) 71.25% (60.30, 80.17) 0317
Phylogroup D 20% (9.19.38.19) 20% (12.56,30.32)
Biofilm
Weak biofilm 60% (41.75,75.84) 58.75% (47.59. 69.08) 0.362
Moderate biofilm 6.67% (1.65, 23. 35) 16.25% (9.62, 26.16)
fimH 80% (61.81,90.81) 91.25% (82.64,95.81) 0.104
sfa 20% (9.19, 38.19) 20% (12.56,30.32) 1.000
pap 56.7% (38.65, 73.08) 61.25% (50.07, 71.35) 0.662
hlyA 10% (3.22,27.07) 11.25% (5.91, 20.36) 0.851
Ampicillin-sulbatam 76.6%(58.27, 88.55) 83.75% (73.87,90.38) 0.126
Ceftriaxone 70% (51.44,83.71) 57.5% (46.36,67.93) 0.488
Nalidixic acid 86.7% (69.15, 94.96) 66.25% (55.13, 75.82) 0.094
Ciprofloxacin 70% (51.44,83.71) 60% (48.83,70.22) 0.500
Levofloxacin 53.33% (35.62, 70.24) 53.75% (42.7, 64.44) 0.838
Amikacin 30% (16.29, 48.56) 26.25% (17.7,37.07) 0.710
Gentamicin 30% (16.28, 48.56) 43.75% (33.2, 54.87) 0422
Trimethoprim/sulfamethoxazole 73.3% (54.82,86.17) 71.25% (60.30, 80.17) 0.713
Nitrofurantoin 33.3% (18.84,51.86) 28.75% (19.83,39.7) 0.868
ESBL 53.3% (35.62, 70.24) 42% (32.07,53.64) 0.310
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(71%), D (20%), A (2.6%), and B1 (2.5%), while in recur-
ring strains, it was B2 (60%), D (20%), A (10%), and B1
(10%). The results indicated that phylogroup B2 is domi-
nant in both groups (Table 1). There was no relationship
between phylogroups from recurrent and non-recurrent
infections (CIL:95%, P=0.317). The strength of biofilm
formation in different phylogroups was examined and
compared between the two groups of recurrent and non-
recurrent urinary tract infections, and no significant rela-
tionship was determined.

Genetic linkages of E. Coli strains

The analysis of the results from the ERIC-PCR tech-
nique revealed a high genetic diversity among the vari-
ous isolates of E. coli examined in this study. Out of 110
collected isolates, 103 could be typed, while ERIC bands
were not observed in 7 isolates. In total, among the 103
typed isolates, 23 common types (22%) and 80 types
with specific or unique patterns (78%) were identified.
The largest common type comprised 8 isolates, shared
between two Hospitals, indicating a genetic relationship.
The next major common type included seven isolates, all
from a same Hospital. Additionally, the results indicated
that there is genetic similarity between E. coli strains
isolated from outpatients (referring to laboratories out-
side the hospital) and those isolated from hospitalized
patients. Of the 30 isolates related to recurrent infections,
only 7 (23.3%) were classified as common types, meaning
they had genetic similarity with isolates from the hospi-
tals. The remaining isolates of recurrent infection were
single type, meaning they had no genetic similarity with
other isolates. It was notable that some isolates belong-
ing to a common type exhibited differences in antibiotic
resistance patterns, virulence gene profiles, phylogroups,
and biofilm formation strength, despite having identical
ERIC banding patterns. Overall, the ERIC results sug-
gest the circulation of diverse strains or clones of E. coli
within hospitals and the community (Fig. 4).

Expression level of virulence genes

The results obtained from Real-time PCR indicated that
there was no significant difference in the expression level
of the fimH gene between the two groups of patients
with recurrent and non-recurrent urinary tract infec-
tions. However, the expression level of the pap gene was
significantly different between these two groups (Fig. 5).
A notable nine-fold increase in pap gene expression was
observed in isolates from recurrent UTI patients in com-
parison to the control gene (CI: 95%, P=0.00).

Discussion

There is a limited body of research on recurrent and non-
recurrent urinary tract infections (UT1Is) in patients. This
cross-sectional study aims to provide an overview of the
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epidemiology of E. coli-induced UTIs in hospitalized
and outpatient settings in a major city in western Iran.
It offers valuable insights into the epidemiology, antibi-
otic resistance patterns, virulence factors, phylogroups,
gene expression, and biofilm phenotypes of UPEC strains
in patients with recurrent and non-recurrent UTIs in
Iran. Previous studies have highlighted the prevalence
of UPECs in UTIs [20-24]. UTIs are among the most
common infections in women, often occurring alongside
vaginal infections and typically caused by gastrointesti-
nal pathogens [25]. Consistent with earlier findings, our
study found a higher incidence of UTIs in females com-
pared to males [24—26]. This disparity can be attributed
to anatomical and physiological factors, including the
shorter female urethra, its proximity to the anus, hor-
monal influences, sexual activity, contraceptive use, and
pregnancy. Research in Iran on UTI recurrence is lim-
ited. Nearly half of women will experience a UTTI in their
lifetime, with 27-50% likely to have recurrent infections
within six months [27]. Craig et al. reported that 64% of
UTI patients were female, with 42% experiencing recur-
rent UTIs [28]. Kao et al. found that uropathogens in
recurrent UTIs were more virulent among genetically
similar E. coli strains [27].Given the significant impact
of urinary infections on women’s quality of life, accurate
diagnosis and treatment are crucial. A comprehensive
approach involving various diagnostic methods, treat-
ment options, and prevention strategies is recommended
to mitigate recurrent infections. Women with recurrent
UTIs should seek evaluation and management from
healthcare providers.

Urinary tract infections (UTIs) can be influenced by
various underlying health conditions, such as diabetes,
kidney stones, urinary retention, immunocompromised
states, pregnancy, neurological disorders, and hygiene
practices [29]. Our study revealed a significant associa-
tion between these conditions and UTI occurrence, with
urinary tract disorders and prostatic hyperplasia being
more common in patients with recurrent UTIs. Research
on underlying diseases in recurrent UTIs is limited. A
study by Hsiao et al. in Taiwan found that hypertension
was the most prevalent underlying condition among
patients with UTIs, followed by upper UTIs and diabetes
mellitus. No significant differences in clinical characteris-
tics were noted between patients with and without bacte-
remia, except for a higher prevalence of hypertension and
septic shock in the bacteremia group [30]. Recognizing
the link between underlying diseases and UTIs is essen-
tial for effective prevention and management. Individuals
with these risk factors should find guidance from health-
care providers for appropriate preventive measures.

Antibiotic resistance is on the rise, particularly in
urinary tract infections (UTIs), prompting extensive
research [31-39]. Our study shows that E. coli isolates
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from UTIs exhibit significant resistance to beta-lactam,
quinolone, and fluoroquinolone antibiotics, limiting
treatment effectiveness. There is also a concerning 30%
resistance rate to Nitrofurantoin and Amikacin, high-
lighting the need for cautious prescribing. Physicians
should request antibiogram tests to evaluate bacterial
sensitivity before prescribing antibiotics.

Research on antibiotic resistance in UPEC strains
shows varied results globally, likely due to geographical
differences and strain types, but most studies indicate
a significant level of resistance. While Nitrofurantoin
and Amikacin are more effective than other antibiotics
[34-37], a study by Ormeio et al. reported resistance
rates of 69.6% for Ciprofloxacin, 68.5% for Levofloxa-
cin, and lower rates for Nitrofurantoin (6.9%) and Ami-
kacin (2.7%), aligning with our findings. Ormefio et al.
also found a significant relationship between resistance
rates and patient demographics, with an RUTTI incidence
of 11.3% and high rates of multi-drug resistant (MDR)
(46.5%) and extensively drug-resistant (XDR) strains
(24.3%) [40]. Although our study did not find a signifi-
cant link between antibiotic resistance and recurrent

UTIs, larger studies may reveal its potential impact. With
diminishing options for effective antibiotic treatment,
alternative strategies such as combination therapy and
the use of medicinal plant compounds and prebiotics are
suggested to help restore normal urinary tract flora.
Extended-spectrum beta-lactamase (ESBL)-producing
strains of E. coli pose a significant challenge in urinary
tract infections (UTIs). In our study, the prevalence of
ESBL-positive strains was 53% in patients with recurrent
UTIs and 42.5% in those with non-recurrent UTIs. While
there was no significant relationship between the two
groups, the higher frequency of ESBL-positive strains in
recurrent UTI patients is noteworthy. Additionally, we
reported a 72% prevalence of multi-drug resistant (MDR)
isolates. Most studies in Iran indicate an ESBL prevalence
of around 40% among UPEC strains, with similarly high
rates of MDR strains, though some exceptions exist [41—
44]. A study in China reported a prevalence of 38.07%
for ESBL-producing isolates in community-acquired
UTIs, which is slightly lower than findings from Iran and
Pakistan [45, 46]. Conversely, research from Peru found
a 42.5% prevalence of ESBL-positive isolates in patients



Mahshouri et al. BMC Infectious Diseases (2025) 25:267

with recurrent UTIs, aligning closely with our results
[40]. Infections caused by these strains may present simi-
larly to other UTIs but tend to be more complex, often
requiring advanced treatment options. Patients with
ESBL-producing infections typically experience longer
symptom duration, higher hospitalization rates, and may
need broader-spectrum antibiotics, such as carbapen-
ems, for effective management [33-35, 41]. Identified
risk factors for ESBL-producing bacteria in UTIs include
older age, a history of previous UTIs, and prior antibiotic
use (42, 43(.

UPEC strains are significant contributors to urinary
tract infections (UTIs) worldwide. These bacteria can
colonize the urinary tract and form biofilms, which com-
plicate treatment by allowing them to persist and survive
antibiotic therapy [47, 48]. In our study, 72.73% of UPEC
strains produced biofilms, primarily weak and moder-
ate, with no strong biofilm producers identified. Previ-
ous research indicates that strong biofilm-forming E. coli
strains are often more resistant to beta-lactam antibiot-
ics [49]. Despite high resistance to Ampicillin-sulbac-
tam, and Ceftraixone, no strong biofilm formation was
observed in our strains. Similar findings were reported
in Iran, where weak biofilm phenotypes predominated
[50, 51]. Studies in Finland and Denmark showed varying
relationships between biofilm formation and recurrent
UTIs, with no significant differences noted in some cases
[51-53]. Further research with larger clinical samples is
necessary to better understand the impact of biofilm for-
mation on antimicrobial resistance in UPEC strains.

Virulence factors are specific traits that enable micro-
organisms to cause infections and evade the host’s
immune response. The UPEC strains, which deviate from
harmless intestinal flora, possess various virulence fac-
tors that facilitate urinary tract infections (UTIs) [54].
Understanding these mechanisms is essential for devel-
oping targeted prevention and treatment strategies, par-
ticularly for individuals with recurrent infections [54, 55].
The fimH gene, a key virulence factor, is frequently found
in UPEC and plays a crucial role in adhesion. FimH,
located at the tip of type 1 pili, allows UPEC to bind to
mannosylated receptors on bladder epithelial cells, pro-
moting colonization and persistence [56]. Studies have
shown that FimH-based formulations can significantly
protect against UTIs in mouse models [57]. Following
fimH, the pap gene is also prevalent among UPEC strains
[30, 50, 58, 59]. A deeper exploration of the pap gene
will be included in the gene expression results section.
Understanding these virulence mechanisms is vital for
developing effective strategies to prevent and treat UTIs,
especially in recurrent cases.

Phylogroup classification is essential for understanding
the evolutionary relationships and pathogenic potential
of different E. coli strains, particularly in urinary tract
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infections (UTIs). E. coli is typically categorized into four
main phylogroups: A, B1, B2, and D [17]. Our study pro-
vides valuable epidemiological insights into the distribu-
tion of phylogroups among UPEC isolates from Iranian
patients. We found that phylogroups B2 and D are the
most prevalent among UPEC strains, consistent with
global observations [60—65]. Specifically, phylogroups B
and D were more common in both recurrent and non-
recurrent UTIs. A meta-analysis indicated a significant
increase in the incidence of phylogroup B2, rising from
20% in 2014 to 83% in 2020 [65]. This increase correlates
with a rise in UPEC infections linked to phylogroup B2,
which is associated with multiple virulence factors that
enhance adhesion to urinary tract tissues. Phylogroup D
has also emerged as a significant strain, suggesting the
colon may serve as a primary reservoir for UTI-causing
strains. Additionally, phylogroup D is the second most
prevalent among drug-resistant UPEC strains, showing a
slight phylogenetic shift toward group B2 [64—66].

Given the high prevalence of phylogroups B2 and D, it
is crucial to focus on these groups in UTI management.
Effective infection control measures should be imple-
mented to control the spread of these virulent strains,
and strategies for monitoring antibiotic therapy need to
be developed.

Given the high prevalence of UPEC strains, implement-
ing effective infection control measures and monitoring
strategies for antibiotic therapy is essential. By comparing
genetic fingerprints, researchers can identify outbreaks,
trace transmission routes, and track sources of infection
and antibiotic-resistant strains [67]. One useful molecu-
lar typing technique is ERIC-PCR, which differenti-
ates bacterial strains by assessing genetic diversity [68].
This method is particularly valuable in epidemiological
studies and infection control related to UTIs [69, 70].
Our study found that E. coli isolates from UTI patients
exhibited significant genetic diversity. Moreover, genetic
similarities among strains from different hospitals and
community settings suggest the circulation of similar
clones across these environments. High genetic diver-
sity was also observed in strains isolated from recurrent
urinary tract infections. These findings align with studies
conducted in Iran and globally, which also indicate high
genetic diversity among uropathogenic strains identified
using the ERIC technique [69-72]. This genetic vari-
ability poses challenges for the treatment and control of
diverse E. coli strains associated with UTIs in both hospi-
tal and community settings.

In this study, we investigated the expression levels of
two key adhesion genes, fimH and pap, which play cru-
cial roles in bacterial binding and pathogenicity. Notably,
we found no prior research examining the expression
of these adhesion genes in E. coli strains isolated from
recurrent versus non-recurrent urinary tract infections
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(UTIs). Our results indicated no significant relationship
in the expression of the fimH gene between UTI patients
and the non-recurrent group. However, we observed
a notable nine-fold increase in pap gene expression in
isolates from recurrent UTI patients, highlighting the
significance of the pap gene in strains associated with
recurrent infections. The pap gene encodes P pili, which
bind to specific receptors on uroepithelial cells, enhanc-
ing UPEC’s ability to colonize the urinary tract. Strains
expressing P-fimbriae are more likely to cause severe
UTTIs, including pyelonephritis (73-74), and the pap gene
is often used as a marker for identifying potentially dan-
gerous UPEC strains [75]. Previous studies have dem-
onstrated a direct role of papG in both adherence and
biofilm formation in UPEC, suggesting that P-fimbriae
could be a potential candidate for anti-virulence therapy
targeting drug-resistant UPEC strains [75]. These find-
ings underscore the need for further research into the
role of these adhesions in recurrent UTIs Recent evi-
dence also indicates that reducing UPEC adhesion to uri-
nary tract tissues can decrease recurrence and improve
recovery, positioning UPEC adhesions as promising ther-
apeutic targets [6]. The findings regarding the adhesion
genes, fimH and pap, provide valuable insights into their
contribution to bacterial binding and persistence in the
urinary tract. Given the correlation between increased
pap expression and recurrent infections, targeting these
adhesion mechanisms may present effective strategies
for reducing UTI recurrence. Ultimately, understanding
the genetic and functional traits of UPEC will be vital
in developing innovative therapeutic approaches and
infection control measures to combat UTI outbreaks
effectively.

Conclusion

This study highlights various factors that can influence
the occurrence, persistence, and recurrence of urinary
infections. While some factors did not show a significant
relationship with urinary infections or their recurrence,
broader sampling could yield more conclusive results.
Key factors identified include high antibiotic resistance,
the presence of ESBL and MDR E. coli strains, female
gender, and elevated expression of the pap gene, with
phylogroup B2 being the most significant group associ-
ated with uropathogenic E. coli. The genetic diversity
revealed through techniques like ERIC-PCR further
emphasizes the complex challenges in managing UPEC
infections, as similar clones circulate across different
environments. Understanding the pathogenic mecha-
nisms of these strains is crucial for developing targeted
prevention and treatment strategies for urinary tract
infections (UTIs), particularly in individuals with recur-
rent infections. A lack of understanding of these factors
can lead to prolonged symptoms, extended hospital stays,
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and the need for broad-spectrum antibiotics. Addition-
ally, awareness of underlying diseases related to UTIs is
important for effective prevention and management,
encouraging individuals with risk factors to consult
healthcare providers for appropriate prophylaxis.

Abbreviations

UPEC  Uropathogenic E. coli
uTl Urinary tract infections
RUTI Recurrent urinary tract infections

ESBL Extended-spectrum B-lactamases
MDR Multi-drug resistant

Supplementary Information
The online version contains supplementary material available at https://doi.or
9/10.1186/512879-025-10635-w.

Supplementary Material 1

Supplementary Material 2

Acknowledgements

We all thank the microbiology laboratory staff of Besat, Beheshti and Sina
hospitals, as well as Razi and Arad medical diagnosis laboratories in Hamadan.
We are also very grateful to the comprehensive laboratory staff of Hamadan
University of Medical Sciences and the laboratory staff of the Microbiology
Department of the Faculty of Medicine of Hamadan University of Medical
Sciences.

Author contributions

PM, LSH and MY.A designed the experiments and wrote the manuscript. PM
and L.SH conducted the experiments. H.EM helped in clinical consultation
and completing patients'information. PM and A.DI were analyzed the data.
PM and LSH participated in the initial draft and the revision of the manuscript.
L.SH and MY.A revised the final version of the manuscript. All authors read and
approved the final manuscript.

Funding

This research has been supported by Vice Chancellor for Research &
Technology of Hamadan University of Medical Sciences, Hamadan, IRAN
(Grant no: 140205314397).

Data availability
All data supporting the findings of this study are available within the paper
and its Supplementary Information.

Declarations

Ethics approval and consent to participate

The present study was ethically approved by the Hamadan University of
Medical Sciences, Institutional Review Board (IR UMSHA.REC.1402.325). The
experiments in our study were conducted following the relevant guidelines
and regulations, as well as the Declaration of Helsinki. Informed consent was
obtained from all patients, as well as from the parents or legal guardians of
any participating children.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
'Department of Microbiology, School of Medicine, Hamadan University of
Medical Sciences, Hamadan, Iran


https://doi.org/10.1186/s12879-025-10635-w
https://doi.org/10.1186/s12879-025-10635-w

Mahshouri et al. BMC Infectious Diseases

(2025) 25:267

?Infectious Disease Research Center, Avicenna Institute of Clinical
Sciences, Avicenna Health Research Institute, Hamadan University of
Medical Sciences, Hamadan, Iran

3Depar‘[ment of Pediatrics, School of Medicine, Ekbatan Hospital,
Hamadan University of Medical Sciences, Hamadan, Iran

“Urology and Nephrology Research Center, Avicenna Institute of Clinical
Sciences, Avicenna Health Research Institute, Hamadan University of
Medical Sciences, Hamadan, Iran

°Department of Epidemiology, School of Public Health and Research
Center for Health Sciences, Hamadan University of Medical Sciences,
Hamadan, Iran

Received: 21 September 2024 / Accepted: 13 February 2025
Published online: 24 February 2025

References

1.

Rafaque Z, Abid N, Liagat N, Afridi P, Siddique S, Masood S, et al. In-vitro
investigation of antibiotics efficacy against uropathogenic Escherichia coli
biofilms and antibiotic induced biofilm formation at sub-minimum inhibitory
concentration of ciprofloxacin. Infect Drug Resist. 2020;13:2801.

Ribi¢ R, Mestrovi¢ T, Neuberg M, Kozina G. Proposed dual antagonist
approach for the prevention and treatment of urinary tract infections caused
by uropathogenic Escherichia coli. Med Hypotheses. 2019;124:17-20.
Zagaglia C, Ammendolia MG, Maurizi L, Nicoletti M, Longhi C. Urinary tract
infections caused by Uropathogenic Escherichia coli strains—New Strategies
for an Old Pathogen. Microorganisms. 2022;10(7):1425.

Hojati Z, Zamanzad B, Hashemzadeh M, Molaie R, Gholipour A. The FimH
gene in uropathogenic Escherichia coli strains isolated from patients with
urinary tract infection. Jundishapur J Microbiol. 2015; 8(2).

Foxman B. Urinary tract infection syndromes: occurrence, recurrence, bacteri-
ology, risk factors, and disease burden. Infect Dis Clin. 2014;28(1):1-13.
Sarshar M, Behzadi P, Ambrosi C, Zagaglia C, Palamara AT, Scribano D. FimH
and anti-adhesive therapeutics: a disarming strategy against uropathogens.
Antibiotics. 2020,9(7):397.

Glover M, Moreira CG, Sperandio V, Zimmern P. Recurrent urinary tract infec-
tions in healthy and nonpregnant women. Urol Sci. 2014;25(1):1-8.

Whelan S, Lucey B, Finn K. Uropathogenic Escherichia coli (UPEC)-associated
urinary tract infections: the molecular basis for challenges to effective treat-
ment. Microorganisms. 2023;28(11):2169.

Shokoohizadeh L, Rabiei M, Baharifar A, Keramat F, Ali L, Alikhani MY. Evalua-
tion of the virulence genes in Quinolone and fluoroquinolones-resistant Uro-
pathogenic Escherichia coli isolates. Iran J Med Microbiol. 2022;16(6):581-6.
Mahon C, Lehman D, Manuselis G. Textbook of Diagnostic Microbiology,
Elsevier, Amsterdam, Netherlands, 5th Edidtion edition, 2014.

CLSI. Performance Standards for Antimicrobial Susceptibility Testing. 33rd ed.
CLSI supplement M100. Clinical and Laboratory Standards Institute; 2023.
Ballash GA, Mollenkopf DF, Diaz-Campos D, van Balen JC, Cianciolo RE, Wit-
tum TE. Pathogenomics and clinical recurrence influence biofilm capacity

of Escherichia coli isolated from canine urinary tract infections. PLoS ONE.
2022;17(8):20270461.

Jamalan M, Davoodi H, Ghaemi EA, Jamalli A. Anti-adhesive effect of ZnO
nanoparticles against uropathogenic Escherichia coli in bladder epithelial cell
cultures and on fimH gene expression. Jundishapur J Microbiol. 2019;12(7).
Monroy-Pérez E, Cerén AB, Garcia Cortés LR, Alonso NN, Dominguez-Trejo

P, Herndndez-Jaimes T, et al. Virulence gene transcription, phylogroups, and
antibiotic resistance of cervico-vaginal pathogenic E. Coli in Mexico. PLoS
ONE. 2020;15(6):20234730.

Abe CM, Salvador FA, Falsetti IN, Vieira MA, Blanco J, Blanco JE, et al. Uro-
pathogenic Escherichia coli (UPEC) strains may carry virulence properties of
diarrhoeagenic E. Coli. FEMS Immunol Med Microbiol. 2008;52(3):397-406.
Dalla-Costa LM, Irino K, Rodrigues J, Rivera IN, Trabulsi L. Characterisation of
diarrhoeagenic Escherichia coli clones by ribotyping and ERIC-PCR. J Med
Microbiol. 1998;47(3):227-34.

Clermont O, Bonacorsi S, Bingen E. Rapid and simple determination

of the Escherichia coli phylogenetic group. Appl Environ Microbiol.
2000,66(10):4555-8.

Roshani M, Taheri M, Goodarzi A, Yosefimashouf R, Shokoohizadeh L. Evalua-
tion of antibiotic resistance, toxin-antitoxin systems, virulence factors, biofilm-
forming strength and genetic linkage of Escherichia coli strains isolated from
bloodstream infections of leukemia patients. BMC Microbiol. 2023;23(1):327.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Page 12 of 13

Livak KJ, Schmittgen TD. Analysis of relative gene expression data using real-
time quantitative PCR and the 2— AACT method. Methods. 2001;25:402-8.
Moubayed S, Ghazzawi J, Mitri R, Khalife S. Recent data characterizing the
prevalence and resistance patterns of FimH-producing Uropathogenic
Escherichia coliisolated from patients with urinary tract infections in North
Lebanon. Arch Clin Infect Dis. 2023; 18(4).

Kumar G, KumarY, Kumar G, Tahlan AK. Characterization of uropathogenic

E. Coli from various geographical locations in India. J Taibah Univ Med Sci.
2023;18(6):1527.

Fakhri-Demeshghieh A, Shokri A, Bokaie S. Antibiotic resistance of Uropatho-
genic Escherichia coli (UPEC) among Iranian pediatrics: systematic review
and Meta-analysis. Iran J Public Health. 2024;53(3):508-23.

Terlizzi ME, Gribaudo G, Maffei ME. UroPathogenic Escherichia coli (UPEC)
infections: virulence factors, bladder responses, antibiotic, and non-antibiotic
antimicrobial strategies. Front Microbiol. 2017;8:1566.

Gebretensaie Y, Atnafu A, Girma S, Alemu Y, Desta K. Prevalence of bacterial
urinary tract infection, associated risk factors, and antimicrobial resistance
pattern in Addis Ababa, Ethiopia: a cross-sectional study. Infect Drug Resist.
2023:3041-50.

Salari N, Khoshbakht Y, Hemmati M, Khodayari Y, Khaleghi AA, Jafari F,
Shohaimi S, Mohammadi M. Global prevalence of urinary tract infection in
pregnant mothers: a systematic review and meta-analysis. Public Health.
2023;224:58-65.

Azami M, Jaafari Z, Masoumi M, Shohani M, Badfar G, Mahmudi L, Abbasaliza-
deh S.The etiology and prevalence of urinary tract infection and asymp-
tomatic bacteriuria in pregnant women in Iran: a systematic review and
Meta-analysis. BMC urol. 2019;19:1-5.

Kao C-Y, Zhang Y-Z, Yang D-C, Chen PK, Teng C-H, Lin W-H, et al. Character-
ization of host and Escherichia coli strains causing recurrent urinary tract
infections based on molecular typing. BMC Microbiol. 2023;23(1):90.

Craig JC, Simpson JM, Williams GJ, Lowe A, Reynolds GJ, McTaggart SJ, et al.
Antibiotic prophylaxis and recurrent urinary tract infection in children. N Engl
J Med. 2009;361(18):1748.

Storme O, Tirdn Saucedo J, Garcia-Mora A, Dehesa-Davila M, Naber KG. Risk
factors and predisposing conditions for urinary tract infection. Ther Adv urol.
2019;11:1756287218814382.

Hsiao C-Y, Lee Y-C, Shyu DJ, Su C-P, Lin M-Y, Guo N-Y et al. Molecular charac-
terization of high and low virulent Escherichia coli clinical strains isolated
from patients with urinary tract infections with or without Bacteremia in
Southern Taiwan. Infect Drug Resist. 2024:2389-99.

Naushad VA, Purayil NK, Wilson GJ, Chandra P, Joseph P, Khalil Z, Zahid M,
Kayakkool MK, Shaik N, Ayari B, Chalihadan S. Epidemiology of urinary tract
infection in adults caused by extended-spectrum beta-lactamase (ESBL)-
producing Enterobacteriaceae—a case—control study from Qatar. lJID regions.
2022; 3:278-86.

Tuzln T, Kutlu SS, Kutlu M, Kaleli 1. Risk factors for community-onset urinary
tract infections caused by extended-spectrum (3-lactamase-producing Esch-
erichia coli. Turk J Med Sci. 2019;49(4):1206-11.

Segaard M, Heide-Jgrgensen U, Vandenbroucke JP, Schgnheyder HC,
Vandenbroucke-Grauls CM. Risk factors for extended-spectrum 3-lactamase-
producing Escherichia coli urinary tract infection in the community in
Denmark: a case-control study. Clin Microbiol Infect. 2017,23(12):952-60.
Mohammadzadeh A, Naghizadeh H, Mosadegh A, Astani A, Pouresmaeil O,
Mardaneh J. Identification and evaluation of pathogenic genes (traT, hly, aer,
pap, and fimH) and antibiotic resistance genes (blaTEM, blaSHV, and blaCTX)
in Escherichia coli in patients referred to Gonabad Hospitals, Iran. Rep Bio-
chem Mol biol. 2023;12(3):465.

Barzegar S, Arzanlou M, Teimourpour A, Esmaelizad M, Yousefipour M,
MohammadShahi J, et al. Prevalence of the integrons and ESBL genes in
multidrug-resistant strains of Escherichia coli isolated from urinary tract infec-
tions, Ardabil, Iran. Iran J Med Microbiol. 2022;16(1):56-65.

Detho H, Bano S, Tunio SA, Abbasi SM, Ahmed M. Biofilm formation and
antibiotic resistance in uropathogenic Escherichia coli: the quest for effective
treatment of urinary tract infections. Pure Appl Biol (PAB). 2023;13(1):38-46.
Baldiris-Avila R, Montes-Robledo A, Buelvas-Montes Y. Phylogenetic classifica-
tion, biofilm-forming capacity, virulence factors, and antimicrobial resistance
in uropathogenic Escherichia coli (UPEC). Curr Microbiol. 2020;77:3361-70.
Ponnusamy P, Natarajan V, Sevanan M. In vitro biofilm formation by uropatho-
genic Escherichia coli and their antimicrobial susceptibility pattern. Asian Pac
JTrop Med. 2012;5(3):210-3.



Mahshouri et al. BMC Infectious Diseases

39.

40.

42.

43.

44,

45.

46.

47.

48.

49.

50.

52.

53.

54.

55.

56.

57.

58.

(2025) 25:267

Badger-Emeka L, Kausar N, Estrella E, Angeles G. A three-year look at the
phylogenetic profile, antimicrobial resistance, and associated virulence genes
of uropathogenic Escherichia coli. Pathogens. 2022;11:631.

Ormefo MA, Ormefio MJ, Quispe AM, Arias-Linares MA, Linares E, Loza F, et al.
Recurrence of urinary tract infections due to Escherichia coli and its associa-
tion with antimicrobial resistance. Microb Drug Resist. 2022;28(2):185-90.
Sohrabi M, Fathi J, Mohebi S, Hashemizadeh Z, Kholdi S, Hadadi M, et al.

High prevalence of plasmid-mediated quinolone resistance in Escherichia
coli strains producing extended-spectrum beta-lactamases isolated from
faeces and urine of pregnant women with acute cystitis. Mol Biol Rep.
2024,51(1):1-9.

Mohebi S, Golestani-Hotkani Z, Foulad-Pour M, Nazeri P. Mohseni F, Hash-
emizadeh Z, et al. Characterization of integrons, extended spectrum beta
lactamases and genetic diversity among uropathogenic Escherichia coli
isolates from Kerman, South East of Iran. Iran J Microbiol. 2023;15(5):616.
Sadeghi M, Mojtahedi A, Nikokar |, Roushan ZA. The emergence of plasmid-
encoded oxacillinase and carbapenemase among uropathogenic Escherichia
coli (UPEC) isolated from hospitalized patients in the North of Iran. Heliyon
2023;9(4).

Motamedifar M, Mohebi S, Hadadi M, Amirzadegan H. The prevalence of ESBL
and AmpC B-lactamases in uropathogenic isolates of Escherichia coliin a
tertiary care hospital in Southwest Iran. Gene Rep. 2020,20:100747.

Jia P, ZhuY, Li X, Kudinha T, Yang Y, Zhang G, et al. High prevalence of
extended-spectrum beta-lactamases in Escherichia coli strains collected
from strictly defined community-acquired urinary tract infections in adults
in China: a multicenter prospective clinical microbiological and molecular
study. Fron Microbiol. 2021;12:663033.

Naziri Z, Kilegolan J, Moezzi M, Derakhshandeh A. Biofilm formation by
uropathogenic Escherichia coli: a complicating factor for treatment and
recurrence of urinary tract infections. J Hosp Infect. 2021;117:9-16.

Ramirez Castillo FY, Guerrero Barrera AL, Harel J, Avelar Gonzalez FJ, Vogeleer
P, Arreola Guerra JM. Gonzélez Gamez M. Biofilm formation by Escherichia
coliisolated from urinary tract infections from Aguascalientes. Mexico Micro-
organisms. 2023;11(12):2858.

Niveditha S, Pramodhini S, Umadevi S, Kumar S, Stephen S. The isolation and
the biofilm formation of uropathogens in the patients with catheter associ-
ated urinary tract infections (UTls). J Clin Diagn Res. 2012;6(9):1478.
Tapiainen T, Hanni A-M, Salo J, kéheimo I, Uhari M. Escherichia coli biofilm
formation and recurrences of urinary tract infections in children. Eur J Clin
Microbiol Infect Dis. 2014;33:111-5.

Boroumand M, Sharifi A, Manzouri L, Khoramrooz SS, Khosravani SA. Evalu-
ation of pap and sfa genes relative frequency P and S fimbriae encoding of
uropathogenic Escherichia coli isolated from hospitals and medical laborato-
ries; Yasuj City, Southwest Iran. Iran Red Crescent Med J. 2019;21(8):1-8.
Karigoudar RM, Karigoudar MH, Wavare SM, Mangalgi SS. Detection of biofilm
among uropathogenic Escherichia coli and its correlation with antibiotic
resistance pattern. J Lab Physicians. 2019;11(01):017-22.

Ejrnzes K, Stegger M, Reisner A, Ferry S, Monsen T, Holm SE, et al. Charac-
teristics of Escherichia coli causing persistence or relapse of urinary tract
infections: phylogenetic groups, virulence factors and biofilm formation.
Virulence. 2011;2(6):528-37.

Whelan S, O'Grady MC, Corcoran D, Finn K, Lucey B. Uropathogenic Esch-
erichia coli biofilm-forming capabilities are not predictable from clinical
details or from colonial morphology. Diseases. 2020;8(2):11.

Shah C, Baral R, Bartaula B, Shrestha LB. Virulence factors of uropathogenic
Escherichia coli (UPEC) and correlation with antimicrobial resistance. BMC
Microbiol. 2019;19:1-6.

Emody L, Kerenyi M, Nagy G. Virulence factors of uropathogenic Escherichia
coli. Int J Antimicrob Agents. 2003;22:29-33.

Watts RE, Hancock V, Ong CL, Vejborg RM, Mabbett AN, Totsika M, et al.
Escherichia coli isolates causing asymptomatic bacteriuria in catheterized
and noncatheterized individuals possess similar virulence properties. J Clin
Microbiol. 2010;48(7):2449-58.

Derakhshandeh S, Shahrokhi N, Khalaj V, Habibi M, Moazzezy N, Karam

MR, Bouzari S. Surface display of uropathogenic Escherichia coli FimH in
Lactococcus lactis: in vitro characterization of recombinant bacteria and its
protectivity in animal model. Microb Pathog. 2020;141:103974.

Katongole P, Nalubega F, Florence NC, Asiimwe B, Andia I. Biofilm forma-
tion, antimicrobial susceptibility and virulence genes of Uropathogenic

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Page 13 of 13

Escherichia coli isolated from clinical isolates in Uganda. BMC Infect Dis.
2020;20:1-6.

Luna-Pineda VM, Ochoa SA, Cruz-Cordova A, Cazares-Dominguez V, Reyes-
Grajeda JP, Flores-Oropeza MA, et al. Features of urinary Escherichia coli
isolated from children with complicated and uncomplicated urinary tract
infections in Mexico. PLoS ONE. 2018;13(10):0204934.

Iranpour D, Hassanpour M, Ansari H, Tajbakhsh S, Khamisipour G, Najafi A.
Phylogenetic groups of Escherichia coli strains from patients with urinary
tract infection in Iran based on the new Clermont phylotyping method.
BioMed Res Int. 2015,20151:846219.

Basu S, Mukherjee SK, Hazra A, Mukherjee M. Molecular characteriza-

tion of uropathogenic Escherichia coli: nalidixic acid and ciprofloxacin
resistance, virulent factors and phylogenetic background. J Clin Diagn Res.
2013;7(12):2727.

Kdljalg S, Truusalu K, Stsepetova J, Pai K, Vainumae |, Sepp E, Mikelsaar M. The
Escherichia coli phylogenetic group B2 with integrons prevails in childhood
recurrent urinary tract infections. Apmis. 2014;122(5):452-8.

Munkhdelger Y, Gunregjav N, Dorjpurev A, Juniichiro N, Sarantuya J.
Detection of virulence genes, phylogenetic group and antibiotic resis-

tance of uropathogenic Escherichia coli in Mongolia. J Infect Dev Countr.
2017;11(01):51-7.

Paniagua-Contreras GL, Monroy-Pérez E, Rodriguez-Moctezuma JR,
Dominguez-Trejo P, Vaca-Paniagua F, Vaca S. Virulence factors, antibiotic resis-
tance phenotypes and O-serogroups of Escherichia coli strains isolated from
community-acquired urinary tract infection patients in Mexico. J Microbiol
Immunol Infect. 2017;50(4):478-85.

Halaji M, Fayyazi A, Rajabnia M, Zare D, Pournajaf A, Ranjbar R. Phylogenetic
group distribution of uropathogenic Escherichia coli and related antimi-
crobial resistance pattern: a meta-analysis and systematic review. Front Cell
Infect Microbiol. 2022;12:790184.

Johnson JR, Kuskowski MA, Owens K, Gajewski A, Winokur PL. Phylogenetic
origin and virulence genotype in relation to resistance to fluoroquinolones
and/or extended-spectrum cephalosporins and cephamycins among Esche-
richia coli isolates from animals and humans. J Infect Dis. 2003;188(5):759-68.
Hulton CS, Higgins CF, Sharp PM. ERIC sequences: a novel family of repetitive
elements in the genomes of Escherichia coli, Salmonella typhimurium and
other enterobacteria. Mol Microbiol. 1991,5(4):825-34.

Sedighi P, Zarei O, Karimi K, Taheri M, Karami P, Shokoohizadeh L. Molecular
typing of Klebsiella pneumoniae clinical isolates by Enterobacterial repeti-
tive intergenic consensus polymerase chain reaction. Int J Microbiol. 2020;
2020(1):8894727.

Movahedi M, Zarei O, Hazhirkamal M, Karami P, Shokoohizadeh L, Taheri M.
Molecular typing of Escherichia coli strains isolated from urinary tract infec-
tion by ERIC-PCR. Gene Rep. 2021;23:101058.

Ramakrishnan V, Marialouis XA, Al-Ansari MM, Al-Humaid L, Santhanam A,
Obulisamy PK. Multilocus sequence typing and ERIC-PCR fingerprinting of
virulent clinical isolates of uropathogenic multidrug resistant Escherichia coli.
JKing Saud Univ Sci. 2022;34(3):101874.

Mahmoud AT, Ibrahem RA, Salim MT, Gabr A, Halby HM. Prevalence of some
virulence factors and genotyping of hospital-acquired uropathogenic Esch-
erichia coli isolates recovered from cancer patients. J Glob Antimicrob Resist.
2020;23:211-6.

Ardakani MA, Ranjbar R. Molecular typing of uropathogenic E. Coli strains by
the ERIC-PCR method. Electron Physician. 2016;8(4):2291.

Lane MC, Mobley HL. Role of P-fimbrial-mediated adherence in pyelonephri-
tis and persistence of uropathogenic Escherichia coli (UPEC) in the mam-
malian kidney. Kidney int. 2007;72(1):19-25.

Chahales P, Thanassi DG. Structure, function, and assembly of adhesive
organelles by uropathogenic bacteria. Urinary Tract Infections: Mol Pathog
Clin Manage. 2017:277-329.

Spaulding CN, Hultgren SJ. Adhesive pili in UTI pathogenesis and drug devel-
opment. Pathogens. 2016;15(1):30.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Analysis of phylogroups, biofilm formation, virulence factors, antibiotic resistance and molecular typing of uropathogenic ﻿Escherichia coli﻿ strains isolated from patients with recurrent and non-recurrent urinary tract infections
	﻿Abstract
	﻿Background
	﻿Methods
	﻿UPEC isolates
	﻿Antibiotic susceptibility
	﻿ESBL producing detection
	﻿Biofilm formation assay
	﻿Virulence factor detection
	﻿Phylogenetic grouping
	﻿ERIC-PCR
	﻿Real-time PCR
	﻿Statistical analysis

	﻿Results
	﻿Demographic information of patients with UTI
	﻿Antibiotic resistance patterns
	﻿Biofilm phenotype of strains
	﻿Frequency of genes encoding virulence factors
	﻿Phylogenetic groups
	﻿Genetic linkages of ﻿E. Coli﻿ strains
	﻿Expression level of virulence genes

	﻿Discussion
	﻿Conclusion
	﻿References


