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Abstract

Introduction: Diarrheagenic Escherichia coli (DEC) is a major etiologic agent among the pathogens that cause diarrhea in children.
Methodology: To investigate the presence and pathotypes of DEC in children under five years of age, living in the province of Khouzestan,
Iran. 208 diarrhea stool samples were screened by multiplex-PCR. The isolated DEC isolates were investigated for resistance to various
antimicrobials including the production of extended-spectrum beta-lactamases (ESBLs) and phylogenetic groups were determined.

Results: DEC isolates were identified in 54 (26%) diarrhea samples, and 4 (7%) cases contained two DEC pathotypes. DEC isolated included
35 (16.8%) enteroaggregative E. coli (EAEC), ten (4.8%) enteropathogenic E. coli (EPEC), six (2.9%) enteroinvasive E. coli (EIEC), six (2.9%)
enterotoxigenic E. coli (ETEC) and one (0.48%) LEE-positive EAEC. Shiga-toxin producing E. coli (STEC) was not identified in any diarrheal
samples. The most prevalent resistance was observed with ceftazidime (88%), followed by ceftizoxime (83%) and ceftriaxone (71%). The
majority of isolates (> 75%) were sensitive to Imipenem, ciprofloxacin, and amikacin. More than 65% of the pathogenic isolates showed a
multidrug-resistant phenotype. ESBL-producing strains was observed in 79.3% of all DEC isolates. Phylogenetic group B2 was the most
predominant group with a frequency of 44.8%. A significant association was observed between the B2 phylogenetic group and the DEC isolates
(P <0.05).

Conclusions: Overall, our findings highlight the importance of the role of DEC isolates in the etiology of diarrhea in children in Iran. The
progressive increase in antimicrobial resistance among DEC isolates makes it imperative to implement policies to control the spread of resistant

bacteria.
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Introduction

Gastrointestinal pathogens continue to be one of the
major causes of morbidity and mortality affecting
children under five years old in developing countries
[1]. A wide range of bacteria, viruses, and parasites are
the etiological agents of diarrhea. Among the bacteria,
diarrheagenic Escherichia coli (DEC) is one the most
important agents of endemic and epidemic diarrhea
worldwide [2]. DEC isolates can be subdivided into at
least six pathotypes according to pathogenic
mechanisms including enterotoxigenic £. coli (ETEC),
enteroinvasive E. coli (EIEC), enteropathogenic E. coli
(EPEC), enterohemorrhagic E. coli (EHEC) or shiga-
toxin producing E. coli (STEC), enteroaggregative E.
coli (EAEC) and diffusely adherent E. coli (DAEC) [3].
The molecular detection and classification of DEC is
performed using polymerase chain reaction (PCR),
based on the presence of virulence genes that are absent
in commensal E. coli [4]. The prevalence and

epidemiology of DEC pathotypes vary in different parts
of the world and even within the in the same
geographical area [5]. Understanding the etiological
agents of diarrhea can influence local treatment policies
for infectious diarrhea due to different pathotypes
requiring different treatment regimes. Previous studies
have shown the prevalence of DEC pathotypes to be
highly variable in different parts of Iran. Aslani et al.
reported that STEC is the most prevalent pathotype in
Iran [6], while Alikhani ef al. reported that EPEC is the
most prevalent pathotype in Hamedan, Western Iran
[7]. However, in studies conducted in Tehran (Central
Iran) [8] and Tabriz (northwest Iran) [9], EAEC and
ETEC were the most prevalent pathotypes,
respectively. EHEC was detected in children [8] and
animal [10] in some regions of Iran; although it's
prevalence was low. These studies show that the
prevalence of DEC pathotypes is variable across Iran
but southwest Iran has not been studied.
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Antibiotic therapy may be used to combat with
gastrointestinal infection, however, antimicrobial
resistance has become a major public health problem
[1]. Regular surveillance of antimicrobial resistance
patterns provides information to enable appropriate
clinical treatment and control the spread of resistance
[6]. Antibiotic resistance surveillance is important with
the discovery of multi-drug resistant (MDR) E. coli
strains with extended-spectrum B-lactamases (ESBLs)
that are widely distributed throughout the world [11].
ESBLs are B -lactamases that hydrolyze B-lactam
antimicrobials, including penicillin, aztreonam, and
first, second and third-generation cephalosporins, and
are generally inhibited by clavulanic acid (-lactamase
inhibitors) [11]. These enzymes are capable of
conferring resistance to bacteria, posing a therapeutic
challenge [11]. The prevalence of ESBL-producing
bacteria is extremely underestimated, and therefore
early detection is incredibly important. In case of severe
infection in children or infants, beta-lactams or
quinolones are used in Iran. ESBL-producing bacteria
play a very important role in the spread of antibiotic
resistance.

E. coli strains are genetically diverse, and fall into
four main phylogenetic groups: A, B1, B2, and D. The
determination of a phylogenetic group allows
physicians to understand the pathogenic potential of the
organism including possible complications [12].
Commensal E. coli strains are more likely to fall into
the A and BI phylogenetic groups, while the extra
intestinal pathotypes are more related to the B2 and D
groups. However, there is little research about the
phylogenetic grouping of DEC strains in association
with antibiotic resistance [13], although a previous
report described that the prevalence of antibacterial
resistance was more likely to be found in non-B2 phylo-
group E. coli strains [14]. There is also insufficient data
in the association of anti-microbial resistance and
phylogeny [15].

Diarrhea is one of the major causes of mortality in
children under 5 years old in Iran, while the medical
importance of diarrhea is reduced in older people in
Iran. DEC is one the most important causative agents of
diarrhea in children [6-9]. There is insufficient
information on the frequency of DEC pathotypes in
southwest Iran. The aims of this study were to
determine the occurrence of DEC pathotypes isolated
from children with diarrhea in the Khouzestan province,
as well as the phylogenetic grouping of strains. DEC
isolates were further characterized for their
antimicrobial resistance profile, and ESBL production.
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Methodology
Sampling and cultivation

During the period between September 2015 to June
2016, 208 stool samples from children under five years
of age with diarrhea (characterized by three or more
loose, liquid or watery stools or at least one bloody
loose stool within 24 hours [16] were collected to
determine the prevalence of diarrheagenic E. coli
virulence genes. The study protocol conformed to the
ethical guidelines of the Declaration of Helsinki (No
31400/2/3/95). The samples were collected from three
main pediatric hospitals of Khouzestan province, Iran:
Imam Khomeini, Golestan and Abouzar hospitals.
Approximately 3 million people live in Khouzestan.
The stool samples were cultured on MacConkey agar
(Merck; Frankfurt, Germany) for the selection of E. coli
isolates. All lactose- and non-lactose-fermenting
colonies were tested due to EIEC strains which may be
non-lactose fermenting. These colonies tested for
diarrheagenic E. coli pathotypes markers by molecular
methods. Conventional biochemical tests [17] were
performed for all isolates and confirmed E. coli isolates
were preserved at —30°C in brain heart infusion broth
(Merck, Frankfurt, Germany) containing 20 % (v/v)
glycerol for further analysis.

Bacterial lysates and multiplex-PCR

A multiplex-PCR assay was performed to detect the
virulence genes of five categories of DEC in diarrheal
stool samples. The virulence markers for determining
DEC were defined as follows: for EPEC, the presence
of bfpB and/or escV (strains containing bfp are typical
EPEC and escV alone are atypical EPEC); for ETEC,
the presence of e/t and/or estla or estlb; for STEC, the
presence of stxI and/or stx2 and possibly additional
escV; for EIEC, the presence of invE; and for EAEC,
the presence of aggR alone or with astA4 [17]. The ast4
was not specific for a certain pathogroup [17];
therefore, it was not considered in the final analysis.

One loop of a thickly growing bacterial colony from
MacConkey agar plate was suspended in 500 uL. water
and also cultured on a MacConkey agar plate to achieve
separate colonies. The mixture was boiled for 10 mins
and then centrifuged for 10 mins at 11,337 g to pellet
cell debris. The supernatant was used for the multiplex-
PCR reaction [18]. The primers used are shown in Table
1. PCR conditions were performed as previously
described by Muller et al. [17]. Briefly, multiplex-PCR
was performed with the 7ag DNA Polymerase 2%
Master Mix Red (2 mM final MgCl, concentration)
(Ampligon, Odense, Denmark) using 1 pL of the
supernatant as the template and PCR primers at the

650



Mahdavi Borujerdi ez al. — Characterization of DEC isolates

concentrations listed in Table 1 in a 25 pL reaction
volume. Thermo-cycling and time conditions were as
follows: 94°C for 5 min, 30 cycles of 94°C for 30 s,
63°C for 30 s, and 72°C for 90 s with a final extension
of 72°C for 5 minutes [17]. Six microliter of PCR
product was then electrophoresed by 2% agarose gel.
As reference strains, previously positive in-house
control samples relative to each pathogroup confirmed
by sequencing (microbial collection of Biology
department, Shahid Chamran University of Ahvaz) and
the E. coli-negative control (DH5a) were included for
all runs.

Phylogenetic grouping

DNA was extracted from positive DEC isolates as
described above and using triplex PCR described
previously by Clermont et al. was subsequently
subdivided into one of the four phylogenetic groups (A,
B1, B2, and D). Two genes chuA, yjad, and a DNA
fragment TspE4.C2 were assayed by PCR reaction [19].
Sequences of used primers are showed in Table 1.

J Infect Dev Ctries 2018; 12(8):649-656.

Screening for antimicrobial resistance and ESBL
production

Antibiotic susceptibility to cefotaxime (30 pg),
ceftazidime (30 pg), ceftriaxone (30 pg), ceftizoxime
(30 pg), imipenem (10 pg), gentamicin (10 pg),
ciprofloxacin (5 pg), piperacillin (100 pg), and
amikacin (30 pg) was determined by the Kirby-Bauer
disk diffusion method in accordance with the Clinical
Laboratory Standard Institute (CLSI) guidelines [20].
Multi-drug resistance was defined as a resistance to
three or more different antibiotic classes [21].
Identification of ESBL-producing isolates was
performed by the synergy double disk (SDD) method
using cefotaxime (30 pug) and ceftazidime (30 pg),
alone and in combination with clavulanate (10 pg) with
the distance between the discs was 20 mm center-to-
center. As recommended by CLSI, an increase in
diameter of the inhibition zone > 5 mm when using the
combined disc with clavulanate was considered as
phenotypic evidence of ESBL production [20].

Table 1. Targets, names, sequences, and product sizes of primers used in this study.

Target

gene or Primer Sequence (5'to 3") ::;:(:;:;; Conc(t::;\t/lr)atlon Reference
fragment
escV MP3-escV-F ATTCTGGCTCTCTTCTTCTTTATGGCTG 544 0.4 17
MP3-escV-R CGTCCCCTTTTACAAACTTCATCGC 0.4
bfp MP3-bfpB-F GACACCTCATTGCTGAAGTCG 910 0.1 17
MP3-bfpB-R CCAGAACACCTCCGTTATGC 0.1
stxl MP4-stx1A-F CGATGTTACGGTTTGTTACTGTGACAGC 244 0.2 17
MP4-stx1A-R AATGCCACGCTTCCCAGAATTG 0.2
stx2 MP3-stx2A-F GTTTTGACCATCTTCGTCTGATTATTGAG 324 0.4 17
MP3-stx2A-R AGCGTAAGGCTTCTGCTGTGAC 0.4
elt MP2-LT-F GAACAGGAGGTTTCTGCGTTAGGTG 655 0.1 17
MP2-LT-F CTTTCAATGGCTTTTTTTTGGGAGTC 0.1
estla MP4-STla-F CCTCTTTTAGYCAGACARCTGAATCASTTG 157 0.4 17
MP4-STIa-R CAGGCAGGATTACAACAAAGTTCACAG 0.4
estlb MP2-STI-F TGTCTTTTTCACCTTTCGCTC 171 0.2 17
MP2-STI-R CGGTACAAGCAGGATTACAACAC 0.2
invE MP2-invE-F CGATAGATGGCGAGAAATTATATCCCG 766 0.2 17
MP2-invE-R CGATCAAGAATCCCTAACAGAAGAATCAC 0.2
astA MP-astA-F TGCCATCAACACAGTATATCCG 102 0.4 17
MP-astA-R ACGGCTTTGTAGTCCTTCCAT 0.4
aggR MP2-aggR-F ACGCAGAGTTGCCTGATAAAG 400 0.2 17
MP2-aggR-R AATACAGAATCGTCAGCATCAGC 0.2
chuAd chuA-1 GACGAACCAACGGTCAGGA 279 0.2 19
chuA-2 TGCCGCCAGTACCAAAGACA 0.2
yjaA YjaA.l TGAAGTGTCAGGAGACGCTG 211 0.2 19
YjaA.2 ATGGAGAATGCGTTCCTCAAC 0.2
TspE4C2 TspE4C2.1 GAGTAATGTCGGGGCATTCA 152 0.2 19
TspE4C2.2 CGCGCCAACAAAGTATTACG 0.2
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Table 2. Frequency of diarrheagenic E. coli pathotypes obtained from children with diarrhea.

Pathotype Genes Number of isolates N (%)
EAEC aggR 14 35 (60.35)
aggR+astA 21
EPEC escV 10 10 (17.25)
bfpB 0
ETEC estla 0
estlb 3 6(10.34)
elt 2
estlatelt 1
EIEC invE 6 6 (10.34)
STEC stxl 0 0(0)
six2 0
EAEC with LEE aggR+escV 1 1(1.72)

Statistical analysis

SPSS version 17 software was used for data
analysis. A y’test or Fisher’s exact test was performed
to determine the statistical significance of the data. A P
value of < 0.05 was considered significant.

Results

A total of 208 diarrheal samples from children less
than five years old were tested for the presence of DEC.
DEC was identified in 54 (26%) cases by multiplex
PCR. As shown in Table 2, EAEC was the most
frequent pathotypes isolated (60.35%), followed by
EPEC (17.25%), EIEC (10.34%), and ETEC (10.34%).
However, the STEC pathotype was not detected among
DEC isolates. In total, 14 E. coli isolates harbored astA
alone but due to association of the gene being found
with multiple DEC pathotypes, these isolates were not
considered as a distinct pathotype. Out of 54 positive

samples, 4 (7%) cases contained more than one DEC
pathotype. The combinations included two (3.5%)
EAEC+EPEC, and two (3.5%) ETEC+EAEC,
respectively. One E. coli isolate harbored two genes,
aggR and escV, which was considered LEE-positive
EAEC. The prevalence of each pathotypes virulence
genes are shown in Table 2.

Antimicrobial resistance and ESBL producing

The results of antimicrobial resistance and ESBL-
producing isolates of each pathotype is summarized in
Table 3. The most prevalent resistance was ceftazidime
(88%), followed by ceftizoxime (83%) and ceftriaxone
(71%). Imipenem, ciprofloxacin, and amikacin were
shown to be potentially effective antibiotics with a
susceptible rate of 79%, 79%, and 78% respectively.
Multi-drug resistance (resistance to > 3 antimicrobial
drug families) was demonstrated in 65.5% of DEC
isolates with the highest frequency of MDR related to

Table 3. Phylogenetic analysis, antibiotic resistance patterns and ESBL production of diarrheagenic E. coli pathotypes.

Phylogenetic group Antibiotic resistance
ESBL
P A B1 B2 D CRO CP AM GM FOX CT CAZ CTX IMP Positi MDR
athotype N ve
%) N N N N N N N N N N N
NOO NOO NOO NOD ey o o ) ) ) %) ) ) ) ()
EAEC35 6 6 5 8§ 23 7 o 13 13 29 30 2 5 2 2
(60.4) A7) (I71) 429 (229 (66) (200 (26) (7)) (37) (83) (86) (63) (14 (74  (60)
EPEC10 8 4 2 4 9 9 7 4 9 8
(173) 3G0 1A0 660 00 g5 40y 2@ (200 @0) (©0) (90) (70) @40)  (90)  (80)
4
1 1 1 4 1 3 ! 4 5 5
EIEC6(10.3)  3G0)  (166) (166) 66 61 °©@ a7 oy an  6n @) @) 0O 563 (6;5'6
4
5 1 1 2 5 6 5 3 6
ETEC6(103) 36500 000 360 00 & (% o 0O B @y o @ G0 (160 (6?.6
. 1 !
EAEC with 1 1 1 1 ! 1
ety 0@ 0@ 3 0@ (10000 00©) 4 (1;)0 100y (100) (00y @ 0O 440
12 38
s 8 26 O 4 12 13 19 21 48 sl 40 46
Sum38(100) 959y (138) @48) (155 (1) @)  (22) (33 G6) 83 @8 (69 %7 (793 (633

) )

CRO: ceftriaxone; CP: ciprofloxacin; AM: amikacin; GM: gentamicin; FOX: cefotaxime; CT: ceftizoxime; CAZ: ceftazidime; CTX:

imipenem; MDR: multi-drug resistant.

cefotaxime; IMP:
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the EAEC pathotype. The overall incidence of ESBL-
producing strains was 79.3% of all DEC isolates.

Phylogenetic analysis

As shown in Table 3, 44.8% isolates belonged to
phylogenetic group B2, followed by phylogenetic
group A, D, and B1 with frequency rates of 25.9%,
15.5%, and 13.8% respectively (Table 3). Phenotyping
characterization of antimicrobial resistance of isolates
according to phylogenetic groups is shown in Table 4.
Patterns of antimicrobial resistance, ESBL-production,
and MDR of DEC isolates were not significantly
different among the four phylogenetic groups (P >
0.05).

Discussion

According to the method used in this study, it was
revealed that 26% of children with diarrhea were
infected with DEC. Our results are similar with
previous reports regarding the prevalence of DEC
infection in children less than 5 years old from Africa
[22], Brazil [2], Iran [23], and Romania [24]. However,
the reported frequencies of DEC are variable in other
studies with reports showing frequencies of 9.4% in the
United States [25], 14.1% in southeastern China [26],
and 54% in Tehran, Iran [27].

In our study, more than 60% of DEC isolates carried
virulence genes related to EAEC. The relatively high
EAEC frequency (60.35%) was higher than that
reported in other studies [22, 25-26]. The frequency of
EAEC as 60% may not be due to sporadic infection but
due to an undetermined outbreak; therefore, further
typing would be required to determine if this high
prevalence of EAEC is due to sporadic cases or an
epidemic of an EAEC outbreak. However, this study is
in agreement with other reports indicating a high
prevalence of EAEC in diarrhea, suggesting EAEC is
an important gastrointestinal pathogen [28]. Some E.
coli isolates harbored only the ast4 gene, and due to

J Infect Dev Ctries 2018; 12(8):649-656.

some virulence genes such as ast4 which are widely
distributed among the major E. coli pathotypes [24],
these strains was not considered as independent
pathotypes. Previous studies have reported that ast4
alone may not be associated with diarrhea [29,30]. The
EAEC pathotype is not familiar to many healthcare
workers; therefore, there is little information on the
prevalence of this pathotype in subjects with or without
diarrhea in Iran. EPEC was the second most prevalent
isolated pathotype (17.25%) in DEC isolates and due to
the bfpB gene not being detected in any of EPEC strains,
these were considered as atypical-EPEC. The
prevalence of ETEC and EIEC are indicates the
potential of these pathotypes as pathogens responsible
for diarrhea in children of the studied region of
Khouzestan. The results indicated no prevalence of
EHEC infection in this region and are in agreement with
other studies performed in developing countries [4-
5,31]. Different picture of DEC pathotype prevalence
reveal gaps knowledge requiring further investigation.
One of the DEC isolates displayed marker virulence
genes characteristic of two distinct pathotypes. In
previous studies, these isolates were designated
“intermediate strains” [17]. In this study, the detected
isolate carried the EAEC regulatory gene aggR as well
as the escV gene of EPEC. This profile was also
reported by Liebchen et al. in Brazil [32]. This shows
that DEC isolates may not harbor one particular
virulence gene, but instead can harbor genes related to
different pathotypes. Hereby, the bacteria may acquire
additional virulence genes to enhance adaptation, and
pathogenicity [32]. However, this study could not
determine whether the gene combination occurred
during infection or during isolation and passage.
Unusual heterogeneity among EAEC strains has been
well documented [33]. This event indicates the
plasticity of the E. coli genome and highlights the need
for surveillance on DEC infections [33]. In this study,
three diarrheal samples showed mixed co-infections of

Table 4. Antibiotic resistance patterns, ESBL production, and MDR frequency in phylogenetic groups of diarrheagenic E. coli isolates.

ESBL

Phylogenetic ~ CRO cp AM GM FOX  CT CAZ CTX IMP nositive MDR
gowp (%) TN@%)  N@W) N  N(%) N%) NC) N(%) N  N%)  N(%) N (%)
A (15,25.9) (71313) a 32 3 30 4066) (335 3 1260 1260 1133 5(33) 12 (80) 10 (66.6)
B1,13.8)  7(875)  4(50) (373 5 205 205 8000 8(100) TGLSH) 229 6(75) 5(62.5)
B2(26,448) 611%) R ;‘. 5 (236.1) 9346) 416?1) 769) (8?5) 18(69.2) 4(154)  21(80.7) 16 (61.5)
DO, 155  7(77.7) (222.2) a 11_1) 4 (44.4) (222_2) (888.8) 8(88.8) 4(444) 1(1L1)  6(66.6) 7(77.7)
Sum (58,1000 41 (71) 1221) 13(22) 19(33) 21(36) 48(83) 51(88)  40(69) 12(20.7)  46(79.3) 38 (65.5)

CRO: ceftriaxone; CP: ciprofloxacin; AM: amikacin; GM: gentamicin; FOX: cefotaxime; CT: ceftizoxime; CAZ: ceftazidime; CTX: cefotaxime; IMP:

imipenem; ESBL: Extended-spectrum beta-lactamase; MDR: multi-drug resistant.
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two DEC pathotypes. The existence of mixed infections
in diarrheal samples was also reported in other studies
[5,34]. Based on the prevalence of different pathotypes
in each region or country, it is recommended that
causative agents of diarrhea be identified routinely in
Iran. This information could be helpful to rapidly
control infections and identify disease outbreaks.

Due to the changing pattern of antimicrobial
resistance, understanding regional resistance patterns is
essential for therapeutic decision making. According to
Table 3 there was no significant relationship between
DEC pathotype and rate of antibacterial resistance. One
of the important findings in this study was the high rate
of multi-drug resistance, observed in 65% of the DEC
isolates. Resistance to these antimicrobial agents raises
concerns about the limitation of pediatric therapeutic
options. The increasing prevalence of multi-drug
resistance in DEC strains is alarming. In our current
study, the resistance rate to third generation
cephalosporins (ceftriaxone, ceftazidime, cefotaxime
and ceftizoxime) was higher than those reported in
other studies [6,35-37]. Ceftriaxone and ceftazidime are
widely-used antibiotics for the treatment of infectious
diarrhea in children in Iran which may be a possible
explanation for the high rate of DEC resistance to third
generation cephalosporins. The common use of
antimicrobials could contribute to higher selective
pressure [24]. Some antibiotics such as ciprofloxacin
are not used in children in Iran. Resistance to
ciprofloxacin was similar to that reported in Shiraz,
South Iran [38] but higher than in the United States
(6%) [21], Spain (19.3%) [39], and Italy (5.3%)[39].
Ciprofloxacin resistance in this study may be due to
transmission of resistant strains from adults, animals, or
environments to children. Residues of antimicrobials in
foods could also lead to the selection of resistant
bacteria in the body [24]. Another important finding in
this investigation was resistance (over 20%) of isolates
to imipenem. Imipenem, a carbapenem antibiotic, has
high activity against ESBL-producing
Enterobacteriaceae.  Generally,  resistance  to
carbapenems is rare in clinical isolates and an increase
in resistance should be properly monitored within a
healthcare setting to inhibit an outbreak of resistant
organisms. Gentamicin and amikacin from the
aminoglycoside family were found to be effective
against DEC isolates in this study; however, the
observed resistance was higher than that reported by
Aslani et al. [6] and Ghorbani-Dalini et al. [37].
Increases in antimicrobial resistance rates found in this
study could be due to misuse and/or overuse of
antibiotics leading to the transfer of resistance genes

J Infect Dev Ctries 2018; 12(8):649-656.

between bacteria and the spread of resistant isolates on
a global scale.

Evaluating the pathogenic potential of each
phylogenetic group showed a significant association
between the B2 phylogenetic group and diarrheagenic
isolates in comparison to the other phylogenetic groups.
Almost half of the DEC isolates (44.8%) were assigned
to the B2 phylogenetic group. Most of the isolates
located in B2 phylogenetic group were related to the
EAEC and EPEC pathotypes that have been reported by
other researchers as phylogenetically heterogeneous
[24]. In previous studies, analyzing DEC isolates in
Costa Rica [40], Romania [24], Peru [13], and Iran [6]
showed that most of the isolates belonged to B1, A, D,
and B2 respectively. This reflects the diversity of DEC
isolates in different countries.

Analyzing the relationship between phylogenetic
group and antimicrobial resistance showed that there
was no significant relationship, and all phylogenetic
groups had a high rate of resistance and ESBL-
producing isolates (Table 4). Although previous studies
on extra intestinal strains reported that phylogenetic
groups with more virulence factors, especially B2, are
associated with lower levels of antimicrobial resistance
[40] our finding showed a different result, in which the
B2 and D phylogenetic groups exhibited high levels of
antimicrobial resistance. This agrees with the findings
reported by Mosquito et al. [13] showing the isolates
belonging to high virulence phylogenetic groups also
showed the highest levels of multidrug resistance.

Conclusion

Overall, our findings highlightthe importance of the
role of DEC isolates in the etiology of diarrhea in
children in Iran. EAEC was recovered at a high rate
from diarrheal samples, indicating a wide spread of this
pathotype in the studied population. To prevent
outbreaks and reduce sporadic cases of diarrhea, its
causative agents should be determined so that
preventative measures can be taken. The progressive
increase in antimicrobial resistance among DEC
isolates makes it imperative to implement policies to
control the spread of resistant bacteria.
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