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Background: Antimicrobial resistance among uropathogenic Escherichia coli rep-
resents a growing global health concern and is largely driven by the dissemination 
of resistance genes through mobile genetic elements such as integrons. This study 
aimed to investigate antimicrobial resistance patterns and the prevalence of class 
1 and class 2 integrons among E. coli isolates recovered from patients with urinary 
tract infections (UTIs).
Materials & Methods:A total of 100 non-duplicate E. coli isolates were obtained from 
urine samples collected from hospitalized patients at Al-Hilla Teaching Hospital, 
Babylon, Iraq from January to July 2024. Antimicrobial susceptibility testing was 
performed using standard methods, and the presence of intI1 and intI2 genes was 
determined by polymerase chain reaction (PCR). 
Findings: High resistance rates were observed to ampicillin (75%), nalidixic acid 
(69%), and co-trimoxazole (52%), whereas gentamicin (67%) and amikacin (69%) 
showed the highest susceptibility rates. Multidrug resistance was detected in 65% 
of the isolates. PCR analysis revealed that 75% of the isolates carried the intI1 gene, 
while intI2 was detected in 5% of the isolates. The presence of intI1 was significantly 
associated with resistance to ampicillin, ciprofloxacin, and co-trimoxazole (p< .05). 
Conclusion: The high prevalence of integron-associated multidrug resistance 
among E. coli isolates underscores the need for continuous surveillance and 
strengthened antimicrobial stewardship programs to optimize the management of 
UTIs.
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Introduction
Urinary tract infections (UTIs) are among 
the most common bacterial infections, af-
fecting individuals of all ages worldwide 
and representing a substantial burden on 
healthcare systems. Escherichia coli is the 
predominant etiological agent of UTIs, ac-
counting for approximately 80–90% of com-
munity-acquired infections and a significant 
proportion of healthcare-associated cases [1, 

2]. Owing to its prevalence and adaptability, 
E. coli has become a major focus of clinical 
and microbiological research, particularly in 
the field of antimicrobial resistance [3, 4].
The increasing incidence of antimicrobi-
al-resistant E. coli has become a serious 
public health concern, limiting therapeutic 
options and contributing to treatment fail-
ure and recurrent infections. The dissemi-
nation of antimicrobial resistance among E. 
coli populations is largely driven by mobile 
genetic elements, including plasmids, trans-
posons, and integrons, which facilitate hori-
zontal gene transfer. Among these elements, 
integrons play a pivotal role in the acquisi-
tion and expression of antimicrobial resis-
tance genes [5].
Integrons are genetic elements capable of 
capturing, integrating, and expressing gene 
cassettes through a site-specific recombina-
tion mechanism. Structurally, integrons are 
characterized by the presence of an integrase 
gene (intI), a recombination site (attI), and 
a promoter that regulates the expression of 
inserted gene cassettes. Based on differenc-
es in the integrase gene sequence, integrons 
are classified into several classes, of which 
class 1, class 2, and class 3 integrons are the 
most studied integrons in clinical settings. 
Although integrons themselves are not mo-
bile, their association with transposons and 
plasmids enables their dissemination among 
bacterial populations [3, 6, 7].
Class 1 integrons are the most prevalent in-
tegron class among clinical isolates, which 

are strongly associated with multidrug-re-
sistant phenotypes because of their ability 
to capture a wide variety of resistance gene 
cassettes. Class 2 integrons, often linked to 
the Tn7 transposon family, are less diverse 
but also contribute to the spread of antimi-
crobial resistance, whereas class 3 integrons 
have been infrequently reported. In uro-
pathogenic E. coli, class 1 and class 2 inte-
grons play a key role in mediating resistance 
to multiple antibiotic classes under antimi-
crobial selective pressure [7, 8].
Although integrons are increasingly recog-
nized as key drivers of antimicrobial resis-
tance, the prevalence of class 1 and class 2 
integrons and their association with anti-
microbial resistance patterns vary depend-
ing on geographic region, antimicrobial use 
patterns, and healthcare settings. Therefore, 
continuous surveillance is essential to un-
derstand local resistance mechanisms and 
guide effective treatment strategies. 
Objectives: This study aimed to assess the 
prevalence of class 1 and class 2 integrons 
and their association with antimicrobial re-
sistance profiles in E. coli isolates from pa-
tients with UTIs.

Materials and Methods
Specimen collection and antimicrobial 
susceptibility testing: This study was con-
ducted over a seven-month period from Jan-
uary to July 2024. During this period, a total 
of 100 E. coli isolates were collected from 
patients diagnosed with UTIs at Al-Hilla 
Teaching Hospital, Babylon, Iraq. The diag-
nosis of UTIs was based on clinical evalua-
tion and laboratory findings consistent with 
UTIs. Inclusion criteria included all non-du-
plicate E. coli isolates recovered from urine 
cultures of clinically-diagnosed UTI patients 
with significant bacteriuria (≥10⁵ CFU/
mL). Exclusion criteria comprised repeated 
isolates from the same patient, samples with 
polymicrobial growth, and isolates from pa-
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tients under 18 years of age.  All bacterial 
isolates were identified using conventional 
biochemical methods and further confirmed 
using the VITEK 2 Compact automated 
identification system [9]. Antimicrobial sus-
ceptibility testing was performed using the 
VITEK 2 Compact system, and susceptibility 
profiles of the isolates were interpreted in 
accordance with the guidelines established 
by the Clinical and Laboratory Standards In-
stitute (CLSI) [10]. The antibiotics evaluated in 
this study included ampicillin, gentamicin, 
ceftazidime, amikacin, cefotaxime, co-tri-
moxazole, nalidixic acid, ciprofloxacin, and 
meropenem (MAST, UK). Multidrug-resis-
tant (MDR) isolates were defined as isolates 
exhibiting resistance to at least one antimi-
crobial agent in three or more distinct anti-
microbial classes [8].
DNA extraction and polymerase chain re-
action (PCR): Genomic DNA was extracted 
from E. coli isolates using a commercial DNA 
extraction kit (Bioneer, Republic of Korea) in 
accordance with the manufacturer’s instruc-
tions.  The purity and concentration of the 
extracted DNA were assessed using a Nan-
oDrop spectrophotometer (Thermo Scientif-
ic, Wilmington, DE, USA). The extracted DNA 
was used as a template in polymerase chain 
reaction (PCR) assays to detect genes encod-
ing integrase enzymes associated with class 
1 and class 2 integrons (Table 1).
PCR amplification was performed in a total 
reaction volume of 20 µL, containing 1 µL 
of each forward and reverse primer, 1 µL of 
template DNA, 10 µL of PCR master mix (Am-
pliqon, Denmark), and 7 µL of nuclease-free 
distilled water. The primer sequences used 

in this study are listed in Table 1 [11, 12]. Am-
plification of the class 1 integron gene (intI1) 
was carried out under the following thermal 
cycling conditions: an initial denaturation 
at 95 °C for 5 min, followed by 30 cycles of 
denaturation at 94 °C for 50 s, annealing at 
54 °C for 50 s, and extension at 72 °C for 1 
min, with a final extension step at 72 °C for 5 
min. Amplification conditions for the class 2 
integron gene (intI2) were identical, except 
that the annealing temperature was set at 
52 °C. PCR products were analyzed by elec-
trophoresis on 1.5% agarose gels for 1 hr at 
80 V. The gels were stained with ethidium 
bromide, and the amplified DNA fragments 
were visualized under ultraviolet illumina-
tion using a gel documentation system. To 
ensure the reliability of the PCR assays, E. 
coli strains previously confirmed to harbor 
integron genes were used as positive con-
trols. Negative controls consisted of reaction 
mixtures containing all PCR components ex-
cept template DNA, which were included to 
monitor potential contamination.
Statistical analysis: Data were analyzed 
using SPSS software, Version 22 (SPSS Inc., 
Chicago, IL, USA). Associations between the 
presence of class 1 integrons and antimi-
crobial resistance were assessed using Chi-
square and Fisher›s exact tests, where ap�-
propriate. A p-value of less than 0.05 was 
considered statistically significant.

Findings 
A total of 100 confirmed E. coli isolates were 
recovered from urine samples collected 
from hospitalized patients at Al-Hilla Teach-
ing Hospital, Babylon, Iraq. Of these isolates, 

Genes Sequence Amplicon Size Ref.

intI1 F= 3’-GGGTCAAGGATCTGGATTTC -5’ 
 R= 3’-ACATGGGTGTAAATCATCGTC-5’ 484 ]11[

IntI2 F= 3’-GCAAATGAAGTGCAACGC-5’ 
R= 3’-ACACGCTTGCTAACGATG-5’ 466 ]12[

Table 1) Oligonucleotide primers used to detect intI1 and intI2 integrase genes by polymerase chain reaction 
(PCR)
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66 (66%) were obtained from male patients 
and 34 (34%) from female patients.
Antimicrobial susceptibility testing re-
vealed high resistance rates among the iso-
lates, with the highest resistance observed 
to ampicillin (75%), nalidixic acid (69%), 
and co-trimoxazole (52%). In contrast, the 
highest susceptibility rates were observed 
to meropenem (100%), amikacin (69%), 
and gentamicin (67%). PCR analysis of intI 
genes demonstrated that 75% (75 of 100) of 
the isolates carried intI1, whereas 5% (5 of 
100) harbored intI2. Concurrent carriage of 
both intI1 and intI2 was identified in 2% (2 
of 100) of the isolates (Figure 1 and 2). The 
presence of intI1 was significantly associat-Ta
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Figure 1) Agarose gel electrophoresis (1.5%) of 
PCR-amplified intI1 gene (484 bp) from E. coli clin-
ical isolates. Lanes 1–12: clinical isolates; Lane C+: 
positive control; Lane C–: negative control; Lane M: 
DNA molecular weight marker. The expected ampli-
con size of 484 bp is indicated.

Figure 2) Agarose gel electrophoresis (1.5%) of 
PCR-amplified intI2 gene (466 bp) from E. coli clinical 
isolates. Lanes 1–5: clinical isolates; Lane C+: positive 
control; Lane C–: negative control; Lane M: DNA mo-
lecular weight marker.
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ed with resistance to ampicillin (p< .001), ci-
profloxacin (p< .001), and co-trimoxazole (p= .01). 
No significant association was observed be-
tween intI1 carriage and resistance to cef-
tazidime (p= .90), cefotaxime (p= .81), ami-
kacin (p= .57), or nalidixic acid (p= 1.00). 
Carriage of intI2 was not significantly associ-
ated with resistance to any of the antimicro-
bials tested. Antimicrobial resistance pro-
files stratified by intI1 status are presented 
in Table 2.

Discussion
The increasing resistance of bacterial patho-
gens in both community and hospital set-
tings poses a major global health challenge. 
Increasing antimicrobial resistance among 
uropathogenic bacteria has complicated the 
treatment of UTIs, largely driven by horizon-
tal gene transfer mediated by mobile genet-
ic elements such as integrons. The spread 
of MDR isolates highlights the clinical im-
portance of integron-associated resistance 
genes in limiting effective therapeutic op-
tions [5]. 
Antimicrobial susceptibility testing showed 
high resistance among E. coli isolates to am-
picillin, nalidixic acid, and co-trimoxazole, 
whereas carbapenems and aminoglycosides, 
particularly gentamicin and amikacin, re-
tained higher activity. These results indicate 
that commonly-used first-line agents may be 
unsuitable for empirical treatment of UTIs in 
the studied setting.
Comparable resistance patterns have been 
reported in previous studies. Kebede et al. 
(2025) documented high resistance to ampi-
cillin (53.8%) among Gram-negative isolates, 
while amikacin (83.3%) and gentamicin 
(81.3%) remained highly effective [13]. Simi-
larly, AbdulHameed and AbdulJabbar (2022) 
reported very high resistance rates to tri-
methoprim/sulfamethoxazole (89.5%) and 
ampicillin (94%), with minimal resistance to 
amikacin and nitrofurantoin (2.9% each) [14]. 

Consistent with this study findings, studies 
conducted in Iran and the United Arab Emir-
ates have documented low susceptibility of 
E. coli isolates to penicillin-class antibiotics, 
with sensitivity rates below 10% and ranging 
from 11 to 42%, respectively [15, 16]. Other stud-
ies have also reported widespread resistance 
among uropathogenic E. coli (UPEC) isolates to 
β-lactams, fluoroquinolones, and co-trimoxaz-
ole, while maintaining higher susceptibility to 
amikacin and carbapenems [17-19].
The high level of antimicrobial resistance 
observed may reflect inappropriate antibi-
otic use and inadequate infection control 
practices, highlighting the need for contin-
uous local surveillance and strengthened 
antimicrobial stewardship to improve UTI 
management.
In the present study, a high prevalence of 
MDR  E. coli was observed, with %65 of 
the isolates classified as MDR. This finding 
highlights the growing challenge of manag-
ing UTIs caused by resistant pathogens and 
is consistent with reports from several re-
gions. The MDR rate obtained in this study 
is closely comparable to those reported in 
Ethiopia (64.7%) by Tesfa et al. (2025) and 
Egypt (62.5%) by Farahat et al. (2025), al-
though the isolates in the latter study re-
mained largely susceptible to ciprofloxacin 
and fully susceptible to meropenem [20, 21]. 
However, considerably higher MDR rates 
have been reported in other regions, such as 
Iran; for example, Mostaghimi et al. (2024) 
reported an MDR prevalence of 88.5% 
among UPEC isolates [22], while other stud-
ies in the country have reported lower but 
still substantial rates, such as 54.2% among 
633 UPEC isolates [23]. Variation in the prev-
alence of MDR across studies and regions is 
likely driven by differences in antibiotic use 
practices, regulatory control, prescribing be-
havior, infection control measures, as well as 
inappropriate antibiotic use without labora-
tory guidance. These findings highlight the 
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need for continuous regional surveillance 
and strengthened antimicrobial stewardship 
to limit the further spread of MDR E. coli in 
UTI-associated infections.
The present study investigated the contribu-
tion of integrons to antimicrobial resistance 
in E. coli isolates and demonstrated a high 
prevalence of intI1. Specifically, 75% of E. 
coli isolates carried the intI1 gene, whereas 
intI2 was detected in only 5%, and concur-
rent carriage of both classes was observed 
in 2%. These findings support the known 
predominance of intI1 genes among clini-
cal E. coli isolates and reinforce their role as 
important genetic platforms in the dissem-
ination of antimicrobial resistance determi-
nants [24].
The prevalence of integrons examined in the 
present study was within the wide range de-
scribed globally. A meta-analysis published 
in 2019 reported an overall worldwide prev-
alence of 47% for intI1 in E. coli, with rates 
varying substantially across regions [24]. 
Similar distributions have been document-
ed in more recent studies, including those 
conducted in Turkey and Iran [25-27], in which 
intI1 was consistently more prevalent than 
class 2 integrons, while dual carriage re-
mained relatively uncommon. 
The predominance of intI1 over intI2 in this 
study could be explained by the clinical 
origin of the isolates, as hospitalized patients 
with UTIs are exposed to higher antimicro-
bial selective pressure, favoring the mainte-
nance and spread of class 1 integrons [27-29]. 
This finding is consistent with the findings 
of Jiang et al. (2025), who reported that 
class 1 integrons were significantly more 
prevalent in clinical and hospital-derived E. 
coli isolates than in isolates from community 
or animal sources [28]. Furthermore, class 1 
integrons exhibit higher adaptability and fit-
ness under antibiotic selective pressure due 
to their more efficient expression and regu-
lation compared to class 2 integrons.

In this study, intI1 carriage was significant-
ly associated with resistance to ampicil-
lin, ciprofloxacin, and co-trimoxazole but 
not with cephalosporins, aminoglycosides, 
or nalidixic acid. In contrast, intI2 carriage 
showed no significant association with re-
sistance to any of the antimicrobials tested. 
Similar correlations between intI1 and mul-
tidrug resistance, particularly to β-lactams 
and trimethoprim-sulfamethoxazole, have 
been reported in previous studies conduct-
ed in Iran and Iraq [30, 31]. However, variability 
in intI1 prevalence and resistance associa-
tions across studies may reflect differenc-
es in study populations, infection sources, 
antimicrobial use patterns, and circulating 
resistance mechanisms, including the in-
volvement of other mobile genetic elements 
[32]. Overall, the findings of this study align 
with existing evidence indicating that intI1 
is the most prevalent integron type among 
clinical E. coli isolates, which is often linked 
to resistance against commonly used antibi-
otics. These observations emphasize the im-
portance of continued surveillance of inte-
gron-mediated resistance as part of broader 
efforts to monitor and control antimicrobial 
resistance in UTI-associated E. coli.

Conclusions 
This study revealed high antimicrobial resis-
tance and multidrug resistance among E. coli 
isolates causing UTIs in Iraq. Resistance to 
ampicillin, nalidixic acid, and co-trimoxazole 
was the highest, while gentamicin and ami-
kacin remained more effective. Class 1 inte-
grons were predominant and significantly 
associated with resistance, underscoring the 
need for continued surveillance and antimi-
crobial stewardship. 
This study has several limitations. First, only 
intI1 and intI2 were examined, and various 
cassette regions were not characterized, 
limiting our ability to link specific gene cas-
settes with resistance phenotypes. Addition-
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ally, the single-center design and modest 
sample size (n=100) may limit the general-
izability of the findings; thus, results should 
be interpreted with caution.
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