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Abstract

Background: Integron is an important element in creating multi-drug resistant (MDR) bacteria. This study evaluated the relation-
ship of class I integron and antibiotic resistance in extended-spectrum beta-lactamase producing (ESBL) isolates of Escherichia coli
(E. coli).
Methods: A total of 66 ESBL-producing E. coli were isolated from urinary tract infection in Kermanshah and their antimicrobial
susceptibility was assessed. The incidence of class I integron was determined in isolates using PCR. The class I integron-associated
gene cassettes were also verified by DNA sequencing. Data were analyzed using statistical methods.
Results: Of 66 ESBL-producing isolates, 65 (98.5%) were MDR. The most prevalent antibiotic resistance of the isolates was observed
for ampicillin (98.4%), ceftriaxone (98.4%), cefotaxime (95.4%), and co-trimoxazole (86.3%). The frequency of class I integron in iso-
lates was 92.3%. The relationship between class I integron and resistance to streptomycin, co-trimoxazole, and ceftazidime was sta-
tistically significant. The genes encoding resistance to streptomycin and co-trimoxazole, as well as a gene encoding a protein with
unknown function, were associated with class I integron. The most common gene cassette was dfrA17-aadA5.
Conclusions: The results indicate a high prevalence of antibiotic resistance among ESBL-producing isolates to the antibiotics com-
monly used for the empirical treatment of urinary tract infections. The frequency of class I integron and associated gene cassettes
involving resistance to antibiotics is high. There is a high percentage of MDR among the ESBL-producing isolates, which mostly
contain gene cassettes. These findings suggest a strong association of integron and ESBL genes in the isolates.
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1. Background

Escherichia coli (E. coli) is the most common bacterium
isolated from urinary tract infections (UTIs) (1). Nowadays,
the E. coli resistance to antibiotics used for the UTI treat-
ment has been increased (2). Inappropriate using of antibi-
otics, as well as the horizontal gene transfer between bac-
teria, have led to the development of multi-drug resistant
(MDR) strains (3). Mobile genetic elements such as plas-
mids, transposons, and integrons play an important role
in the development of antibiotic-resistant strains (4). Inte-
grons are not self-transmissible but can be transmitted by
plasmids or transposons and their genetic structure pro-
vides a location for receiving and integration of resistant
genes, which are referred to as gene cassettes (5).

Genetic structure of integrons is composed of a site for
the entrance of gene cassettes (attI), an integron-integrase

gene (int1), which encodes a recombinase enzyme, and a
promoter (Pc) for the expression of gene cassettes (6). Gene
cassettes have a specific sequence (attC) to combine with
attI site in integron (6). Based on the integrase gene, in-
tegrons are categorized into four classes (I to IV) in clini-
cal isolates. Class I and II integrons are the most frequent
classes in pathogenic bacteria (4). Integrons have been
frequently reported in Enterobacteriaceae strains. So far,
more than 194 gene cassettes have been identified in in-
tegrons, including genes involved in resistance to amino-
glycoside, beta-lactam, chloramphenicol, quinolone, and
trimethoprim antibiotics (6, 7). Since several gene cas-
settes can be carried on integrons in a bacterium simulta-
neously, resistance to several antibiotics is possible (4). For
example, genes encode dihydrofolate reductase (dfr), chlo-
ramphenicol acetyltransferase (cat, cml), beta-lactamase
(bla), aminoglycoside-modifying enzymes (aac, aad, aphA),
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and ADP-ribose transferase (arr) have been found in inte-
grons (8). Previous studies have shown that there is a re-
markable correlation between the presence of integrons
with the development of MDR strains of bacteria (9, 10).

In the Enterobacteriaceae, such as E. coli, the MDR
strains are highly associated with the presence of inte-
grons, especially in the case of resistance to aminogly-
cosides and sulfamethoxazole (11). On the other hand,
extended-spectrumβ-lactamase (ESBL)-producing isolates
are usually resistant to various antibiotics. The ESBL genes
can be carried by integron-containing isolates to make
them multidrug resistance (12).

2. Objectives

Given the importance of integrons and their role in cre-
ating MDR isolates of E. coli, the aim of this study was to
evaluate the gene cassettes of class I integrons and their
association with drug resistance in ESBL-producing E. coli
isolates in Iran.

3. Methods

3.1. Bacterial Strains

Two hundred forty E. coli isolates were isolated from
urine samples of patients referred to two medical cen-
ters in Kermanshah province, West of Iran, from 2015 to
2016. Mid-stream clean catch of the urine samples was col-
lected in sterile tubes and cultured on Eosin methylene
blue (EMB) and Blood agar culture media and incubated
for 24 hours. Then the colonies were counted to ensure
the presence of 105 or more colonies in 1 milliliter of urine
according to the previous report (13). E. coli isolates were
identified based on standard protocols such as gram stain-
ing, morphology, culture characteristics, and complemen-
tary biochemical tests, including Oxidase, Simmons cit-
rate, Urease, Phenylalanine deaminase, Lysine decarboxy-
lase, Methyl Red Voges Proskauer (MR-VP), Triple Sugar Iron
Agar (TSI), and Sulfide Indole Motility (SIM) assays (14). The
demographic information of the patients, including age
and gender, was also recorded.

3.2. Antimicrobial Susceptibility Test

Antibiotic susceptibility was done by disk diffusion
method, according to the Clinical and Laboratory Stan-
dards Institute (CLSI) protocols (15) The ceftriaxone (30
µg), ceftazidime (30 µg), cefotaxime (30 µg), aztreonam
(30 µg), ampicillin (10 µg), imipenem (10 µg), gentam-
icin (10 µg), tobramycin (10 µg), streptomycin (10 µg),
ciprofloxacin (30 µg), and co-trimoxazole (25 µg) were
tested (MAST, Merseyside, UK). The results were interpreted
based on CLSI standard tables (15). The E. coli (ATCC 25922)
strain was used as a control. Isolates resistant to at least
three classes of antibiotics were considered to be MDR iso-
lates.

3.3. ESBL Testing

ESBL-producing bacteria were identified using pheno-
typic confirmatory tests in which combined disks of cef-
tazidime (30µg) + clavulanic acid (10µg) or cefotaxime (30
µg) + clavulanic acid (10 µg) were used. If the inhibition
zone diameter of combined disk was at least 5 mm or more
than the diameter of a single disk, it was considered ESBL-
producing isolate (15). The strain of E. coli (ATCC 35218) was
used as the control for ESBL-producing isolates (15).

3.4. PCR Amplification of Integrase Genes

The bacterial genome was extracted using boiling
method (16). The presence of class I integrons and re-
lated gene cassettes in isolates were identified by PCR us-
ing specific primers. The genome of a known citrobac-
ter strain contained integrase gene (17) was used as a
positive control. The amplification of intI, 5’cs, and 3’cs
was done (Table 1). PCR products were sequenced (Ap-
plied Biosystem, ABI3130, USA) and analyzed using BLAST
(http://www.ncbi.nlm.nih.gov/BLAST). The bands of PCR
products of 5’cs and 3’cs were cut and extracted from
agarose gel and purified using QIA quick PCR purifica-
tion Kit (QIA-GEN, Germany). The sequencing of purified
bands was done using DNAanalyzerABI 3730XI (Macrogen
Inc, South Korea) and analyzed by BLAST bioinformatics
tools (http://www.ncbi.nlm.nih.gov/BLAST).

3.5. Statistical Analysis

All data were statistically analyzed using SPSS ver-
sion 20 software. Mann-Whitney U test was utilized to
find differences between ESBL-producing and non-ESBL-
producing isolates and chi-square test to find the differ-
ence between isolates with class I integron and without
class I integron. The P ≤ 0.05 was considered statistically
significant.

Table 1. Primers

Primer Sequences (5’ to 3’) Amplicon
(bp)

Reference
No.

5’cs GGCATCCAAGCAGCAAG
Variable (18)

3’cs AAGCAGACTTGACCTGA

IntI1-F CAGTGGACATAAGCCTGTTC
160 (18)

IntI1-R CCCGAGGCATAGACTGTA

4. Results

Out of 240 isolates of E. coli isolated from UTIs, 66
(27.5%) were ESBL-producing isolates of E. coli. Moreover,
56 out of 66 (84.8%) isolates were isolated from women,
while 10 out of 66 (15.2%) were isolated from men. The av-
erage age of the patients was 43.5 ± 22.1 years. The an-
tibiotic susceptibility testing showed that the resistance of
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ESBL-producing isolates was much higher than non-ESBL-
producing ones. Because the data for comparison of ESBL-
producing and non-ESBL-producing isolates did not show
a normal distribution, the non-parametric Mann-Whitney
U test was used. This test showed a significant difference
between ESBL-producing and non-ESBL-producing isolates
in terms of antibiotic resistance (Table 2).

Furthermore, 65 out of 66 (98.5 %) ESBL-producing iso-
lates were MDR, while only 17.2 % of non-ESBL-producing
isolates were MDR (P = 0.01). Of 65 MDR ESBL-producing iso-
lates, class I integron was identified in 60 isolates (92.3%)
(Figure 1). Of these, 57 isolates contained gene cassettes
with different sizes (Figure 2). These cassettes showed four
electrophoretic patterns; a single band pattern (1600 bp),
two-band pattern (750 and 1600 bp or 300 and 750 bp), and
a three-band pattern (300, 750, and 1600 bp) (Table 2). The
dfrA17-aadA5 and dfrA15-aadA1gene cassettes were found in
54 (94.7%) and 18 (31.6 %) isolates, respectively. These gene
cassettes consisted of aadA (aadA1), dfr (dfrA15 and dfrA17)
genes. The correlation between class I integron and resis-
tance to 11 antibiotics was statistically analyzed (Table 3).
Isolates contained class I integrons were more resistant to
ceftazidime (P = 0.032), streptomycin (P = 0.018), and co-
trimoxazole (P = 0.01). Moreover, there was a significant
correlation between dfrA17-aadA5 and dfrA15-aadA1 genes
with resistance to streptomycin (P = 0.015) as well as co-
trimoxazole (P = 0.016) (Table 4).

Figure 1. Electrophoresis of intI gene PCR product. M, marker (100 bp); lane 1, nega-
tive control (non template control); lane 2, positive control (Citrobacter isolate con-
taining integrase gene); lane 3, intI-containing samples.

Figure 2. Electrophoresis pattern of PCR products of class I integron gene cassettes.
M, marker (100 bp); lanes 1 - 6, 8, 9, 12, 13, and 14 indicate clinical isolates contain-
ing gene cassettes with a length of 1600 bp (dfrA17-aadA5); lanes 1 - 3, 9, 11, 12, and 13
indicate clinical isolates containing gene cassettes with a length of 750bp (dfrA15-
aadA1); lane 11 shows clinical isolate containing gene cassettes with a length of 300
bp (encodes a hypothetical protein); lanes 7 and 10 do not have class I integron gene
cassettes.
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Table 3. The Correlation of Class I Integrons with Antibiotic Resistance in 65 ESBL-Producing E. coli Isolatesa

Antibiotics
Number of Isolates Contained Class I Integronb Number of Isolates Lack of Class I Integronb

P Value
Resistant Sensitive Resistant Sensitive

Imipenem 60 (92.3) 0 0 5 (7.7) 0.0001

Ampicillin 59 (90.8) 1 (1.5) 5 (7.7) 0 0.773

Aztreonam 53 (81.5) 7 (10.8) 5 (7.7) 0 0.158

Ceftazidime 45 (69.2) 15 (23.1) 5 (7.7) 0 0.032

Cefotaxime 58 (89.2) 2 (1.3) 5 (7.7) 0 0.612

Ceftriaxone 58 (89.2) 2 (1.3) 5 (7.7) 0 0.796

Streptomycin 46 (70.8) 14 (21.5) 1 (1.5) 4 (6.2) 0.018

Gentamicin 25 (38.5) 35 (53.8) 2 (3.1) 3 (6.4) 0.943

Tobramycin 38 (58.5) 22 (33.8) 4 (6.2) 1 (1.5) 0.062

Ciprofloxacin 42 (64.6) 18 (27.7) 5 (7.7) 0 0.103

Co-trimoxazole 56 (86.1) 4 (6.2) 1 (1.5) 4 (6.2) 0.001

aNon sensitive = Sensitive + Semi-sensitive.
bValues are expressed as No. (%).

Table 4. The Characteristics of MDR E. coli Isolates Containing Class I Integrons

Number of Isolates 5’CS - 3’CS Size (bp) Gene Cassette Resistant to Antibiotics

39 1600 dfrA17-aadA5 SXT, CIP, TN, CRO, CTX, CAZ, ATM, AP, S

3 300, 750 dfrA15-aadA1, hypothetical protein SXT,CIP,CRO, CTX, ATM,CAZ, AP, S

11 750, 1600 dfrA17-aadA5, dfrA15-aadA1 SXT, CIP, CRO, CTX, TN, CAZ, ATM, AP, S

4 300, 750, 1600 dfrA17-aadA5, dfrA15-aadA1, hypothetical protein SXT, CRO, CTX, ATM, CAZ, AP, S

3 - - SXT, CRO, CTX, AP

5 - - CIP, TN, CRO, CTX, CAZ, ATM, AP

Abbreviations: AP, ampicillin; ATM, aztreonam; CAZ, ceftazidime; CIP, ciprofloxacin; SXT, co-trimoxazole; CRO, ceftriaxone; CTX, cefotaxime; GM, gentamicin; S, strepto-
mycin; TN, tobramycin.

5. Discussion

The frequency of MDR isolates of E. coli from UTIs is
high in Iran (10, 19). In the present study, the highest re-
sistance rate was seen for ceftriaxone, cefotaxime, and co-
trimoxazole, which is consistent with previous reports in
Iran (3, 20). Moreover, in accordance with previous reports
in Iran, all isolates were sensitive to imipenem (2, 20, 21).
Therefore, imipenem is recommended for the treatment of
infections caused by MDR E. coli.

The studies on the frequency of class I integrin in E. coli
in Iran have reported different results. As an example, in
Yasuj, Shiraz, and Arak cities located in different parts of
Iran, the frequency of class I integron in E. coli has been re-
ported 52%, 22.5%, and 86%, respectively (2, 19, 22). Further,
one study in Tehran (the capital city of Iran) showed the
presence of class I integrons with a frequency of 20.5 % in
E. coli and Klebsiella pneumoniae isolates (20). The higher
frequency of class I integron in our study in comparison to
other studies may refer to the fact that we only tested ESBL-
producing isolates for integrons. Similarly, in two stud-
ies in Asian countries the higher frequency of class I inte-
grons has been reported in ESBL-producing compared to
non-ESBL-producing K. pneumoniae isolates (23, 24). In two
studies in Iran and Egypt, it has been shown that there is a

significant correlation between the presence of class I inte-
grons and ESBL-producing bacteria (25, 26).

ESBL-producing isolates contain higher resistance
genes than non-ESBL-producing ones. For all antibiotics
tested in our study, antibiotic resistance was significantly
higher in ESBL-producing in comparison to non-ESBL-
producing isolates (P < 0.001). The only exception was
imipenem that all isolates (both ESBL- and non-ESBL-
producing isolates) were susceptible to it. This indicates
the importance of ESBL as a good marker for MDR isolates
of E. coli. Studies in Iran indicate that more than 90% of
MDR isolates of K. pneumonia and E. coli isolates had class
I integrons (9, 10, 26). The high frequency of MDR isolates
in Kermanshah may be due to the dissemination of class
I integrons in the bacteria. The correlation between MDR
isolates and class I integrons has been previously reported
(27). These findings emphasize the importance of inte-
grons in the development of high resistant strains due
to acquiring and expressing various resistance genes. So
far, various gene cassettes encoding phenotypic resistance
to antibiotics have been found in integrons (4). As an
example, genes encoding resistance to streptomycin and
trimethoprim are remarkably associated with class I inte-
grons (28). Similarly, in our study, a significant correlation
was observed between resistance to co-trimoxazole, strep-
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tomycin, and ceftazidime with class I integrons, which
indicates the association of resistant genes with this class
of integron. Data analysis revealed the presence of two
variants of dfrA (dfrA17/dfrA15) and two variants of aadA
(aadA1/aadA5). The high frequency of dfr gene cassette in
isolates containing class I integron correlated with the
higher resistance to trimethoprim (29). Another common
gene cassette in class I integron is aadA, which encodes
aminoglycoside 3’ adenyltransferase and associated with
resistance to streptomycin and spectinomycin. Aminogly-
cosides (streptomycin and spectinomycin) are added to
animal foods (30). The presence of aadA gene cassette in
clinical isolates may show the transfer of resistance genes
from animal sources to the clinical isolates. Furthermore,
there is a strong association between dfr and aad genes
that suggests the co-transmission of these cassettes in
class I integron (31). Our results in concordance with the
results of previous studies indicate that the frequency of
dfrA and aadA is high in several parts of Iran (31-33). In our
study, aadA gene cassettes (aadA1 and aadA5) were found
in association with dfrA gene cassettes (dfrA17 and dfrA15).
The dfrA17-aadA5 gene cassettes were the most frequent
cassettes that is also consistent with a previous report
(26). The presence of aadA5 and dfrA17 in E. coli isolates
and other bacteria has been reported in several countries
(30, 34, 35). Gene cassettes of dfrA15 and aadA1, which are
exclusively found in E. coli (36), have been found in isolates
contained class I integrons. Therefore, the presence of
these gene cassettes in integrons may play an important
role in horizontal transmission and development of
resistant strains.

In conclusion, our findings indicate a high antibiotic
resistance in ESBL-producing isolates to the drugs usually
used for the treatment of UTIs. The prevalence of integrons
and gene cassettes are remarkably associated with resis-
tance to commonly used antibiotics. Most ESBL-producing
isolates are MDR and the majority of them contain resis-
tance gene cassettes. These results may indicate the trans-
fer of integrons by ESBL-carrying plasmids. The diagno-
sis of ESBL-producing isolates in medical diagnostic labo-
ratories may provide useful information to understand re-
gional epidemiology and dissemination of MDR strains.
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