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Abstract
Background: Intra-intestinal pathogenic strains of Escherichia coli are responsible for mild to severe
gastrointestinal lesions, which are mediated by various virulence factors. In this study, we have focused
on a comprehensive set of E. coli pathotypes, including STEC, EPEC, EHEC, ETEC, and some hybrid
pathotypes including, STEC/ ETEC, EHEC/ ETEC, and EPEC/ ETEC.

Methods: Totally, 467 stool samples were obtained from gastrointestinal patients during four years (2016
to 2020). Four pathotypes of E. coli (EPEC, ETEC, EHEC, STEC) were screened due to six virulence genes,
including eae, stx1, stx2, st, and lt using the conventional PCR method. Finally, detected E. coli pathotypes
were subjected to determine phenotypic and genotypic β-lactam resistance properties.

Result: In this study 59/467 (12.63%) strains belonged four pathotypes including STEC (20/59; 50.8%),
EPEC (11/59; 18.6%), ETEC (8/59 13.5%), EHEC (5/59; 8.4%) and three novel hybrid pathotypes including
STEC/ETEC (3/59; 5%), EHEC/ETEC (1/59; 1.6%), and EPEC/ETEC (1/59; 1.6%). Totally 23/59 (38.9%)
isolates were identi�ed as ESBL-producing.

Conclusion: Transmission of virulence and antibiotic resistance genes among E. coli strains lead to the
emergence of antimicrobial-resistant hybrid pathogenic strains, which is an important health concern.
According to food-born and fecal-oral transmission of these E. coli strains, standard methods should be
performed to eliminate the possible contamination of food, equipment, and living environment to manure
and feces.

Background
Diarrhea is one of the most common syndromes due to gastrointestinal infections, which could lead to
hospitalization and death among children and the elderly worldwide [1, 2]. Infectious diarrhea caused by
more than one bacterial agent can be responsible for severe clinical symptoms in children [1, 2]. Among
the bacterial species, Escherichia coli can be considered as one of the most prevalent causes (Sjöling,
Sadeghipoorjahromi, Novak, & Tobias, 2015). Diarrheagenic E. coli (DEC) could be classi�ed into seven
main pathotypes, which include Enterotoxigenic E. coli (ETEC), Enteropathogenic E. coli (EPEC),
Enteroinvasive E. coli (EIEC), Enteroaggregative E. coli (EAEC), Diffusely adherent E. coli (DAEC), Shiga-
toxin producing E. coli (STEC) which include a sub-pathotype called Enterohemorrhagic E. coli (EHEC)
and adherent-invasive E. coli (AIEC) [5].

In this work, four pathotypes of DEC, including ETEC, EPEC, STEC, and EHEC, were considered for
molecular characterization. ETECs cause watery diarrhea in travelers, especially in children in low and
middle-income countries. Genetic diagnostic keys are based on the presence of heat-labile and/or heat-
stable enterotoxin encoding genes, including lt and st, respectively [6]. EPEC infection in human leads to
watery diarrhea in children via virulence factors which encoded by the genes on the chromosomal locus
of enterocyte effacement (LEE) pathogenicity island such as eae, which encodes intimin [7]. STEC
pathotype is usually responsible for self-limiting mild to severe bloody diarrhea. STECs are genetically
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detected based on the presence of one or both stx1 and stx2 genes, encoding Shiga toxins. STEC has a
sub-pathotype named EHEC, which produces Shiga toxin and intimin simultaneously. The strains of
EHEC could cause hemorrhagic colitis (HC) and hemolytic uremic syndrome (HUS) [1, 7, 8].

E. coli strains harbor some virulence genes associated with two or more DEC pathotypes called hybrid
pathotypes of E. coli. The combination of virulence factors has been mostly led to more severe intestinal
infections. Some examples of hybrid pathotypes that were associated with severe diseases are
STEC/ETEC, EAEC/STEC, EPEC/ETEC, ExPEC/STEC, ExPEC/EHEC, ExPEC/EPEC, ExPEC/EAEC, and
ExPEC/ETEC [9–11]. In 2011, an outbreak of EAEC/STEC occurred in Germany and spread out to Europe
and North America; in EAEC/STEC hybrid pathotype, stx and aggR (transcriptional regulator of
enteroaggregative E. coli) were the main virulence genetic traits that have a role in diarrhea, bloody
diarrhea and HUS [12].

Antibiotic therapy in E. coli infections is commonly used for severe cases. Antimicrobial treatment of
these infections faces many problems due to the emergence of antibiotics resistant strains [13]. One of
the main mechanisms of antimicrobial resistance in E. coli is assessed against β-lactam antibiotics; this
mechanism is performed through the hydrolysis of the antibiotics via β-lactamases encoded by large
plasmids harboring many different resistance genes [14]. The most prominent extended-spectrum beta-
lactamase enzymes in E. coli are encoded by the genes belonged to blaTEM, blaSHV, and blaCTX−M types
[15].

bla TEM and blaSHV genes commonly encode the beta-lactamase enzymes, which hydrolyze penicillins
and �rst-generation cephalosporins, while the genes from the blaCTX−M group usually encode the β-
lactamase enzymes, which hydrolyze third-generation cephalosporin antibiotics [15].

In this study, we have focused on a comprehensive set of positive E. coli strains for virulence genes of
STEC, EPEC, EHEC, and ETEC, which isolated from diarrheic human. We subjected these strains to
investigate molecular virulence properties and antimicrobial resistance of the pathotypes and their hybrid.

Methods
Fecal sampling, E. coli isolation, and DNA extraction

A total of 467 stool samples were obtained from patients with diarrhea since from 2016 to 2020. All
samples were cultured on McConkey medium and incubated at 37°C. After 24 hours, one suspected E.
coli (smooth, round, and pink) colony was picked up from each plate and studied by biochemical tests
(IMViC including indole, Methyl red, Voges-Proskauer, and Citrate tests) for diagnostic con�rmation.

DNA of con�rmed E. coli colonies were extracted by boiling method. Each colony was suspended in 350
µl distilled sterile water and boiled for 15 min at 98–100°C by heating block (Eppendorf, Germany). Then,
the boiled bacterial suspensions were centrifuged at 13000 rpm for 1–2 min (Eppendorf, Germany) and
the supernatant was stored at -20°C for the next steps.
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Pcr For Detection Of Stec, Epec, Ehec, And Etec
In this study, four pathotypes of E. coli were screened due to six virulence genes, including eae, stx1, stx2,
ehly, st, and lt, using the conventional polymerase chain reaction (PCR) method. These genes were
detected by speci�c primers (Table 1) and the E. coli strains were pathotyped for EPEC (eae+), STEC (stx1 
+ and/or stx2+), and EHEC (positive strains for eae and one or both stx1 and stx2 genes) strains. Three
positive controls were used for pathotyping including ETEC H10407 (st + and lt+) and Sakai (stx1+, stx2 + 
and eae+). Finally, 59 isolates including enterotoxigenic E. coli (n = 8), Shiga toxin-producing E. coli (n = 
30), enterhemorrhagic E. coli (n = 5), enteropathogenic E. coli (n = 11), and hybrid pathotypes (n = 5) were
subjected for more molecular characterization.

Table 1
Speci�c primers for detection of pathotypes and -lactamase genes.

β

Gene Sequence (5 –3 ) PCR condition Product
size
(bp)

Reference

stx1 ATAAATCGCCATTCGTTGACTAC

AGAACGCCCACTGAGATCATC

Multiplex touchdown
PCR consisting 35
cycles: 95°C (1 min),
65°C (2 min) at for �rst
10 cycles decreasing to
60°C by cycle 15, 72°C
(1.5 min for �rst 25
cycles and 2.5 min
from cycles 25–35).

180 Askari
badoui
2015

stx2 GGCACTGTCTCTCTGAAACTGCTCC

TCGCCAGTTATCTGACATTCTG

255 Askari
badoui
2015

Eae GACCCGGCACAAGCATAAGC

CCACCTGCAGCAACAAGAGG

384 Askari
badoui
2015

St ATTTTTCTTTCTGTATTGTCTT

CACCCGGTACAAGCAGGATT

30 cycles: 95°C (30 s),
60°C (30 s), 72°C (30 s)

190 Alizade
2017

Lt GGCGACAGATTATACCGTGC

CGGTCTCTATATTCCCTGTT

30 cycles: 95°C (30 s),
60°C (30 s), 72°C (30 s)

450 Alizade
2017

blaTEM GCGGAACCCCTATTTG

ACCAATGCTTAATCAGTGAG

35 cycles: 95°C (30 s),
50°C (30 s), 72°C (60 s)

963 Roschanski
2014

blaSHV TTATCTCCCTGTTAGCCACC

GATTTGCTGATTTCGCTCGG

35 cycles: 95°C (30 s),
50°C (30 s), 72°C (60 s)

795 Roschanski
2014

blaCTX−M CGATGTGCAGTACCAGTAA

TTAGTGACCAGAATCAGCGG

35 cycles: 95°C (30 s),
60°C (30 s), 72°C (60 s)

585 Roschanski
2014



Page 5/15

Phenotypic And Genotypic β-lactam Resistance
Determination of phenotypic antibiotic resistance was performed according to the Kirby-Bauer disk
diffusion scheme and CLSI 2021 for all strains [49]. Antibiotic discs of ceftazidime (30 µg),
ceftazidime/clavulanic acid (30 µg/10 µg), cefotaxime (30 µg), and cefotaxime/clavulanic acid (30
µg/10 µg) were placed on Mueller-Hinton agar plates inoculated by swab contaminated to E. coli
suspensions with 0.5 McFarland turbidity (OD625nm = 0.08 to 0.1) that obtained from overnight 37°C
incubation. After 24 h incubation at 37°C, a ≥ 5 mm increase in zone diameter for cefotaxime-clavulanate
vs. the zone diameter of cefotaxime and/or a ≥ 5 mm increase in zone diameter for ceftazidime-
clavulanate vs. the zone diameter of ceftazidime was considered as ESBL-producing strain. Quality
control of antimicrobial resistance tests was carried out using E. coli ATCC 25922 standard strain. All 59
E. coli strains were screened for blaTEM, blaSHV, and blaCTX−M genes by PCR method. These genes were
detected by speci�c primers, which have been described in Table 1. Positive strains for blaTEM were E. coli
35218 and for blaSHV and blaCTX−M was Klebsiella 700603.

Results
In this study, 59 DEC strains (12.63%) were detected from 467 E. coli isolates collected during four years.
All prevalence rates have calculated according to 59 isolates as sample size; among 59 DEC strains, the
pathotypes STEC, EPEC, ETEC, EHEC, STEC/ETEC, EHEC/ETEC, and EPEC/ETEC were detected with
50.8%, 18.6%, 13.5%, 8.4%, 5%, 1.6% and 1.6% frequency, respectively (Fig. 1). These pathotypes had been
identi�ed based on associated virulence genetic markers including stx1 (33.5%), stx2 (37.2%), eae
(30.5%), lt (6.7%) and st (22%) (Table 2). Twelve virulence gene combination pro�les were observed which
nine of them including eae (EPEC), stx1 (STEC), stx2 (STEC), stx1/stx2 (STEC), stx1/eae (EHEC), stx2/eae
(EHEC), stx1/stx2/eae (EHEC), st (ETEC) and lt/st (ETEC) belonged to one of the main pathotypes of
DECs and three of them including stx1/st, eae/st and stx1/eae/st belonged to novel hybrid pathotypes
including STEC/ETEC, EPEC/ETEC, and EHEC/ETEC, respectively (Table 2 and Fig. 1).
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Table 2
Prevalence of virulence genes, virulence gene pro�les, resistance

genes, and resistance gene pro�les of E. coli isolates
Variables No. (%) 95% con�dence interval

Virulence genes    

stx1 21 (35.59) 23.55%-49.13%

stx2 22 (37.29) 25.04%-50.85%

Eae 18 (30.51) 19.19%-43.87%

St 13 (22.03) 12.29%-34.73%

Lt 4 (6.78) 1.88%-16.46%

Virulence gene pro�les (pathotype)  

eae (EPEC) 11 (18.64) 9.96%-30.91%

stx1 (STEC) 11 (18.64) 9.96%-30.91%

stx2 (STEC) 17 (28.81) 17.76%-42.08%

stx1/stx2 (STEC) 2 (3.39) 0.41%-11.71%

stx1/eae (EHEC) 3 (5.08) 1.06%-14.1%

stx2/eae (EHEC) 1 (1.69) 0.04%-9.09%

stx1/stx2/eae (EHEC) 1 (1.69) 0.04%-9.09%

st (ETEC) 4 (6.78) 1.88%-16.46%

lt/st (ETEC) 4 (6.78) 1.88%-16.46%

stx1/st (STEC/ETEC) 3 (5.08) 1.06%-14.15%

eae/st (EPEC/ETEC) 1 (1.69) 0.04%-9.09%

stx1/eae/st (EHEC/ETEC) 1 (1.69) 0.04%-9.09%

Resistance genes    

blaTEM 58 (98.31) 90.91%-99.96%

blaSHV 3 (5.08) 0.41%-11.1%

blaCTX−M 11 (18.64) 9.96%-30.91%

Resistance gene pro�les    

blaTEM 46 (77.96) 65.27%-87.71%
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Variables No. (%) 95% con�dence interval

blaTEM/blaSHV 1 (1.69) 0.04%-9.09%

blaTEM/blaCTX−M 9 (15.25) 6.08%-24.43%

blaTEM/blaSHV/blaCTX−M 2 (3.39) 0.41%-11.71%

Without resistance gene 1 (1.69) 0.04%-9.09%

Antimicrobial resistances of the pathotypes were estimated against β-lactam antibiotics, phenotypically
and genotypically. Among the 59 virulent strains, 23 isolates (37.28%) were detected as ESBL-producing.
These ESBL-positive strains belonged to EHEC (1/5; 20%), EHEC/ETEC (1/1; 100%), EPEC (6/11; 54.5%),
EPEC/ETEC (1/1; 100%), ETEC (2/8; 25%), STEC (10/30; 33.3%) and STEC/ETEC (2/3; 66.6%).

Among the �fty-nine virulent strains, we observed a high rate (23/59; 38.9%) of phenotypic resistant E.
coli isolates against β-lactam antibiotics; �fteen (15/23; 65.2%) were positive for blaTEM, four (4/23;
17.3%) were positive for blaTEM/blaCTX−M, two (2/23; 8.6%) for blaTEM/blaSHV/blaCTX−M and one (1/23;
4.3%) for blaTEM/blaSHV. Most of our hybrid pathotypes (4/5; 80%), including EPEC/ETEC (1 isolate),
STEC/ETEC (2 isolates), and EHEC/ETEC (1 isolate), were estimated as ESBL-producing. Three of four
ESBL-producing hybrid pathotypes were positive for blaTEM/blaCTX−M gene combination and one of them
was only positive blaTEM. Totally, we identi�ed ESBL-producing in typical pathotypes including STEC
(10/23; 43.7%), EPEC (6/23; 26%), ETEC (2/23; 8.6%) and EHEC (1/23; 4.3%). In this research, we found
one STEC and one ETEC, which were positive for the production of ESBLs and blaTEM/blaSHV/blaCTX−M

gene pro�le. The distribution pattern of pathotypes among ESBL-negative strains is approximately
different. Among 36 ESBL-negative strains, 20 STECs (56.3%), 6 ETECs (16.4%), 5 EPECs (13.7%), 4
EHECs (11.1%) and one hybrid pathotype (STEC/ETEC; 2.5%) were detected (Table 3).

Table 3
Virulence gene pro�les, antimicrobial resistance gene patterns, and ESBL

production of hybrid E. coli pathotypes
Hybrid pathotypes stx1 Eae st blaTEM blaCTX−M ESBL

STEC/ETEC +   + +   +

STEC/ETEC +   + + + +

STEC/ETEC +   + +    

EPEC/ETEC   + + + + +

EHEC/ETEC + + + +   +

Discussion
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Knowledge of the epidemiology of infections associated with E. coli pathotypes is very crucial for health
policymakers [16]. Consequently, the results of the present work may assist to epidemiological and
therapeutic perspectives. The prevalence of diarrheagenic E. coli strains in this study is similar to some
countries such as Colombia (14.4%) and is comparable with the other reports from India (26%), Iran
(34%), USA (5.5% and 19%), etc. [17–21].

In our study, the most prevalent pathotype was STEC, the positive strains for stx1 and/or stx2 genes.
There was no signi�cant difference between the prevalence of stx1 and stx2 genes, while some previous
studies have been reported the predominance of stx1 genes [22, 23]. STEC strains to harbor the stx1 gene
are frequently responsible for non-complicated diarrhea to asymptomatic infections, while the stx2 gene
is mainly associated with severe cases of diarrhea and HUS [23, 24].

In this research, some STEC strains (less than 10%) carried eae gene, which were identi�ed as EHEC
pathotypes. Reports from EHECs in Iran is rare [17, 25], while annually, more than 70,000 cases of EHEC
infections transmitted to human by the routes of foodborne, person-to-person, waterborne, animal contact
and laboratory-related are recorded in the USA by Centers for Disease Control and Prevention (CDC) [26].
From 2006 to 2010, there were 254 cases of EHEC infections with an average prevalence rate of 0.11 per
100,000 populations in Korea and 20,883 cases with an average prevalence of 3.26 per 100,000
populations [27].

The strains which are positive for the eae gene and negative for stx genes belong to EPEC. Virulence
genes on the LEE (locus of enterocyte effacement) pathogenicity island in EPECs cause attaching and
effacing lesions on enterocytes. This pathotype had the second highest frequency in this work; our results
are comparable with the results reported by Usein et al. [28]. In a systematic review, the presence of
EPECs has been estimated from 0.00% to approximately 60% among E. coli isolated from urinary tract
infection, diarrheic and healthy cases in Iran [29]. EPEC pathotype is an important cause of mild-to-severe
loose/watery stools, especially in children with fecal-oral, Human-to-human, and animal-to-human
transmission.

The third prevalent pathotype of this study was ETEC causing moderate-to-severe diarrhea in human. The
pro�les st/lt and st were the most common toxigenic genotype among ETECs, which agrees with Bhakat
et al. (2019) [30]. None of the strains carried the lt gene alone, which is in contrast with the global
prevalence of the gene where the presence of lt is higher than st or st/lt pro�le [31]. It has been reported
that positive ETECs for st/lt pro�le are more often associated with a higher risk of death in young children
[22, 32, 33]. The prevalence of ETECs in this study is similar to some countries such as India (13.6%). It is
comparable with the other reports from Argentina (18.3%) and Vietnam (2.2%) [34, 35]. During 2016 to
2017, 244 cases of ETEC has been detected from Minnesota [36]; the incidence rate of ETEC in the USA
has been estimated as 250 per 100,000 population in the USA within all age groups and in both males
and females [37]. In a systematic review that has been performed in Iran, the frequency of ETEC was 16%
according to 5669 isolates in 28 publications [29]. Differences in the prevalence rates of E. coli
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pathotypes found in the present and previous studies may be associated with geographical locations,
study methods, public health, and host factors.

Speci�c virulence genes of pathotypes are mostly on mobile genetic elements such as phages and
plasmids as identi�ed previously in STECs and ETECs [38]. So horizontal gene transmissions between
various pathotypes lead to combine the virulence factors and emerge hybrid pathotypes, which in some
studies named hetero-pathogenic E. coli strains with more potential to cause more severe infections [5].
There is low information about the incidence of hybrid pathotypes in Iran; one EPEC/ETEC strain (positive
for intimin and heat-stable ) and one EHEC/ETEC strain (positive for Shiga toxin, intimin and heat-stable
toxins) were detected from healthy cattle in 2016 [39]. In our study, we detected some hybrid pathotypes
of E. coli for the �rst time in human in Iran; we found three virulence pro�les, including eae/st
(EPEC/ETEC), stx1/st (STEC/ETEC), and stx1/eae/st (EHEC/ETEC). Best of our knowledge, there are still
no reports of EHEC/ETEC strains in human from other countries.

There is a report about the identi�cation of EPEC/ETEC strains in the USA which is isolated from
diarrheic, asymptomatic, and death cases in children [40]. In Finland and Sweden, STEC/ETEC strains
were isolated from 2.05% of clinical strains initially characterized as STEC during 15 years [38, 41]. Many
researches have revealed a high frequency of STEC/ETEC isolates from ruminants and piglets, showing
the importance of animals as the main reservoirs for the hybrid pathotypes [5]. The emergence of
multiple virulent pathogens is a new and very critical public health concern. So, characterization of
genotypic and phenotypic virulence and antimicrobial resistance of single and hybrid pathotypes is an
important and necessary for surveillance, treatment, and control of related infections.

DEC strains can be sources for antibiotic resistance genes [42]. Interestingly, ESBL production was
determined phenotypically in approximately thirty-seven percent of our isolates. In a similar study, 60.6%
frequency of ESBL positive strains have been stated by Khairy et al. (2020) in Egypt [16]. In view of the
genes encoding ESBLs, Khoshvaght et al. (2014) reported a high prevalence of blaTEM and blaCTX−M

genes in EAEC isolates (78.9% and 63.1%, respectively) [43]. Ali et al. (2014) found more than 78% of
EAEC and none of the EPEC isolates carried ESBL genes [44]. Findings of a study performed by Zhou et
al. (2018) showed a very high percentage (93.3%) of ESBL genes among E. coli pathotypes [45] which
con�rms our �ndings, especially about blaTEM. The occurrence of resistant hybrid pathotypes of E. coli
could be related to horizontal gene transmission among various clones [11]. For example, García et al.
(2018) detected a STEC/ETEC isolate from diarrheic pig harboring a plasmid containing multiple
resistance genes and multiple virulence genes [46]. Generally, the emergence of antimicrobial resistance
might result from excessive consumption of antimicrobials without a doctor's supervision [47]. The
unplanned use of antibiotics over the past decades has exposed the population of bacteria in the
human’s normal �ora to selective pressure in favor of resistant bacterial strains. Today, this phenomenon
has led to antibiotic resistance and even multi-drug resistance among bacterial pathogens [48].

Conclusion
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Genetic factors associated with virulence and antibiotic resistance are exchanged among E. coli strains.
Therefore, the emergence of hybrid pathogenic strains and resistance to antibiotics is an important health
concern. This study identi�ed several ESBL-producing hybrid pathogenic E. coli strains that could be
hazardous for public health. Since the transmission of these strains could be food-born and fecal-oral, so
standard methods should be considered to eliminate possible contamination of food, equipment, and
living environment to manure and feces.
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Frequencies and overlaps of E. coli pathotypes. A; Venn diagram for pathotypes. B; The prevalence of E.
coli pathotypes


