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Abstract

Background: Diarrhea is a life-threatening cause of high mortality, especially among children living in
areas with poor sanitation. Enterobacteriaceae is one of the serious causes of bacterial diarrhea in children
and adults. In this family, infection with diarrheagenic Escherichia coli (DEC) pathotypes in children is
associated with extensive health risks and is of particular importance. In this study, we compared the
distribution of pathotypes, epidemiological patterns, and antibiotic resistance of DEC in two diarrheal and
non-diarrheal groups among children less than 5 years.

Methods: In this study, 303 stool samples were collected from patients admitted to Golestan hospitals in
Ahvaz and Dr. Ganjavian in Dezful, Khuzestan. To this end, 201 samples from children with diarrhea (case
group) and 102 samples from healthy children (control group) were examined. DEC was characterized
by polymerase chain reaction (PCR) for each stool sample, and DEC isolates were tested with antibiotic
resistance tests against different antibiotic agents to identify the prevalence of multidrug-resistant (MDR)
strains in both groups.

Results: DEC was found in 24% (48 out of 200) of the children with diarrhea and 3.8% (4 out of 103)
of the healthy children. Enteroaggregative E. coli (EAEC) was the DEC most frequently associated with
diarrhea (32 out of 48, 66.6%), which was followed by enteropathogenic E. coli (EPEC) 22.9% (11 out
of 48, 22.9%), and enterotoxigenic E. coli (ETEC) (5 out of 48, 10.4%) from children with diarrhea. Four
DEC isolates were identified in healthy children: EAEC (2 out of 4, 50%) and EPEC (2 out of 4, 50%) in the
healthy group, but no enteroinvasive E. coli (EIEC) or enterohemorrhagic E. coli (EHEC) strains were found
in both groups in this study group. In general, DEC isolates exhibited high resistance to ceftriaxone and
cefotaxime, and 33 (63.4%) isolates of DEC were MDR.

Conclusion: A high prevalence of DEC strains was observed in the group of children with diarrhea
and healthy children. Accordingly, further attention should be paid to continuous monitoring of the
prevalence and pattern of antibiotic resistance of diarrheal bacterial isolates among children and the
whole community.
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Introduction

a variety of gastrointestinal disorders worldwide. Due

Diarrhea causes the death of 533 768 children up to 5 years
old globally (1), causes approximately 9% of all deaths
among children under 5 worldwide, and kills more than
1300 young children every day (2). Owing to unsanitary
living conditions, including contaminated water sources,
unsanitary environment, and insufficient education in
economically poor countries in Africa, Asia, and South
America, these regions are more susceptible to diarrheal
diseases (3). Infectious diarrhea is caused by different
groups of pathogens. The Enterobacteriaceae family causes
numerous mild to fatal contagious diseases, especially

to the increase in antibiotic resistance and the easy
transfer of antibiotic-resistant genes among members
of the Enterobacteriaceae family, it is difficult to treat
patients with these infectious diseases with conventional
antibiotics (4,5).

Diarrheagenic Escherichia coli (DEC) is one of the most
prevalent causes of bacterial diarrhea in children living
in less developed countries (6). Although various strains
of E. coli exist as normal flora in the digestive system of
many animals as well as humans in a harmless form, some
strains of this bacteria cause serious gastrointestinal and
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extraintestinal disorders (7).

DEC strains are defined in 5 main subgroups according
to their pathogenic characteristics: (a) Enterotoxigenic E.
coli (ETEC) is the main cause of traveler’s diarrhea and
also causes diarrhea in malnourished infants. ETEC strains
increase fluid and electrolyte excretion by producing heat-
labile and heat-stable toxins (8,9). (b) Enteroinvasive E.
coli (EIEC) are closely related to Shigella species in terms
of biochemical, genetic, and pathogenicity. Similar to
Shigella, EIEC also causes dysentery in humans (10). (c)
Enteroaggregative E. coli (EAEC) form an aggregated
adhesion (AA) pattern when grown on the 2-HEp cell
line. EAEC is one of the main causes of acute and chronic
diarrhea in children and adults, especially in developing
countries (11,12). (d) Enteropathogenic E. coli (EPEC)
strains attach to the enterocyte membrane through a
process called localized adherence (LA). EPEC strains are
divided into two groups based on the presence of bundle-
forming pili (BFP). The first group is typical EPEC that
has BFP, while the second group is atypical EPEC that
does not have BFP (13,14) (e) Shiga toxin-producing E.
coli (STEC) strains, the main reservoir of which is raw
meat, adhere to the colon mucosa and cause diarrhea
by producing verotoxin. Serotype H7:0157 is one of
the prominent STEC strains causing endemic outbreaks
and sporadic cases of acute diarrhea worldwide (15-17).
Statistics on DEC strains causing diarrhea in children are
scattered because accurate identification of DEC strains is
not often tested in most countries (18).

To better deal with outbreaks of DEC in communities,
it is required to conduct tests for molecular identification
of pathological strains and more tests to investigate the
pattern of antibiotic resistance and their transmission.
The indiscriminate and increasing use of antibiotics and
the horizontal transfer of resistance genes by mobile
genes cause the emergence of bacteria that are resistant
to almost all antibiotic families (19,20). The scattered
studies conducted in Iran have indicated that due to the
resistance of the strains to the first line of antibiotic agents,
the treatment of DEC strains is increasingly accompanied
by problems (20,21).

In this study, we have described the distribution of
DEC strains and their epidemiological characteristics
in children with diarrhea compared to children without
diarrhea who have been referred to the Khuzestan medical
centers, Southwest of Iran. Furthermore, this study has
warned about the dire situation of multidrug resistance
(MDR) among DEC strains by conducting antibiotic
sensitivity tests.

Materials and Methods

Sampling

From September 2015 to October 2016, hospitalized
children up to 60 months of age who visited Golestan
Hospital in Ahvaz and Dr. Ganjavian hospital in Dezful,
Khuzestan province, were selected for sample collection.
Stool samples containing E. coli strains were analyzed

in two groups: diarrheal (case group) and non-diarrheal
(control group). Hence, 200 samples of children with
diarrhea and 103 samples of children without diarrhea
who were referred to hospitals for reasons other than
digestive disorders were examined.

Only one stool sample was collected from each child and
analyzed. Samples from children treated with antibiotics
in the last 28 days or infected with Salmonella, Shigella,
and parasites were excluded from the study.

Specimen  Collection,  Isolation,  Culture, and
Identification of Escherichia coli

This study included 303 stool samples containing E.
coli from children up to 60 months. To perform the
relevant tests, stool samples were transported in clean
disposable boxes. Fecal samples were cultured directly on
a MacConkey agar plate (Merck; Frankfurt, Germany).
Then, the incubation of culture media was done at 37
°C for one night. After that, lactose fermenters were
subcultured on eosin methylene blue medium (Merck;
Frankfurt, Germany). The presence of E. coli strains in
the collected stool samples was confirmed by performing
standard biochemical tests, including oxidase negative,
methyl red positive, indole positive, Voges-Proskauer
negative, citrate negative, catalase positive, type of
carbohydrate consumption in triple sugar iron agar, and
urease negative (22).

Multiplex Polymerase Chain Reaction

The boiling method was used to extract the DNA of E.
coli to prepare template DNA. Genes of marker factors
were used to identify the DEC pathotypes: escV for EPEC
detection, stxI and stx2 for STEC detection, elt, estla, and
estlb for ETEC detection, invE for EIEC detection, and
aggR and astA for EAEC detection. Polymerase chain
reaction (PCR) levels and quality for identification of DEC
strains, including primer sequence, size, and annealing
temperature were similar to the method implemented by
Miiller et al using a thermocycler (Bio-Rad) (23). After
performing PCR, the size of each locus was determined
by electrophoresis on 1.5% gel agarose with a molecular
marker (100 bp Ladder RTU, Sinaclon, Iran). Then,
amplified genes obtained from PCR were evaluated by
ultraviolet irradiation in Doc gel (Uvitec, Cambridge,
UK).

Antimicrobial Susceptibility Testing

Standard diffusion (Kirby-Bauer method) was performed
on Muller-Hinton agar based on the method determined
by the Clinical and Laboratory Standards Institute to
evaluate the antibiotic resistance/susceptibility pattern of
DEC strains. The following 8 antibiotic disks (Padtanteb,
Iran) were used: ampicillin (10 pg), cefotaxime (30 pg),
ceftazidime (30 pg), ceftriaxone (30 ug), ciprofloxacin
(5 pg), gentamicin (10 pg), meropenem (10 ug),
and imipenem (10 pg) (24). For the analyses, E. coli
ATCC25922 was used as the control.
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Results

Prevalence of Diarrheagenic Escherichia coli Strains
Among Diarrheal and Non-diarrheal Samples

Out of 303 stool samples containing E. coli strains, 200
isolates (66%) and 103 isolates (34%) were obtained
from children with diarrhea (cases) and children without
diarrhea (controls), respectively. Finally, 52 DEC isolates
were detected from both groups: 48 (92%) children with
symptomatic diarrhea and 4 (8%) asymptomatic children.
However, neither EIEC nor STEC strains were detected in
this study.

The detection of DEC strains in male samples (55.7%)
was higher than in female samples (44.2%). Furthermore,
children under two years had the highest prevalence of
diarrheal diseases (50%) and the presence of DEC strains
(52.1%). The frequency of age and gender of children in
both diarrheal and non-diarrheal groups and each of the
DEC strains are presented in Table 1.

EAEC was the most common pathogenic strain found
in both groups (34/52, 65.4%). In the case group, the
highest prevalence of EAEC was among children aged
12-23 months (12/48, 25%), but the prevalence of ETEC
was higher in children between 0-11 months (2/48, 4.2%).
Furthermore, the lowest prevalence of all pathotypes was
between 48-60 months. Figure 1 shows the frequency of
each DEC strain in both groups.

Antibiotic Resistance of Diarrheagenic Escherichia coli
Isolates

All isolates were sensitive to imipenem (n=52, 100%).
The highest rates of resistance were observed against
cefotaxime (68.7%), ceftazidime (64.6%), and ceftriaxone
(66.7%) in children with diarrhea. Furthermore, none of
the isolates were sensitive to all antibiotic discs tested in
this study, but all 4 DEC isolates strains were resistant
to ceftriaxone in non-diarrheic children. Of the total 52
found DEC, 33 (63.4%) isolates were MDR (resistance to
more than three antimicrobial drug families).

Discussion
Pathogenic strains of E. coli are transmitted to the host

Diarrhoeagenic Escherichia coli among children in Khuzestan

in different ways, cause serious digestive diseases in
humans, especially children, easily penetrate the human
food chain, exist in contaminated water, and can be
transmitted through the fecal-oral route (9,11,15). DEC is
one of the major enteric pathogens that cause diarrhea in
children in developing countries. In this study, out of a
total of 303 E. coli samples, 17.2% (n=>52) were positive
for DEC infection. In a study conducted by Samal et al in
Orissa, India, the prevalence of enteric bacterial pathogens
in hospitalized patients with diarrhea was reported to
be 75.5% E. coli strains and 13.3% DEC strains (25). In
the present study, the frequency of DEC pathotypes was
higher in diarrheal samples (48 out of 200, 24%) than in
the non-diarrheal group (4 out of 103, 3.9%). In a study
in Brazil, DEC pathotypes were identified in 18.0% of
children with diarrhea and 19.0% of control subjects (26).

The highest prevalence of diarrheal diseases and DEC
strains was observed among male children, with 57% and
55.7%, respectively. Moreover, the highest prevalence
of diarrheal diseases and DEC strains was observed
among children under 2 years old, with 53% and 50%,
respectively. In the group of children with diarrhea, the
frequency of DEC strains in children aged 48-60 months
was lower than that in younger ages (4 out of 48, 8.3%),
but in the control group at this age, the frequency of DEC
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Figure 1. Frequency of DEC Pathotypes. Note. DEC: Diarrheagenic
Escherichia coli

Table 1. Age and Gender Distribution of Children with DEC in Case and Control Groups

Case Group (n=48)

Control Group (n=4)

Total (N=303)

Pathotype DEC

Variables EAEC EPEC ETEC Total EAEC EPEC ETEC Total (n=52) Total Case Total Control
(n=32) (n=11) (n=5) (n=2) (n=2) (n=0) (n=200) (n=103)

Gender

Female 14 (29.1%) 6(12.5%) 2 (4.2%) 22 (45.8%) 1(25%) 0 0 1(25%) 23 (44.2%) 86 (43%) 46 (44.6%)

Male 18 (37.5%) 5(10.4%) 3 (6.3%) 26(54.2%) 1(25%) 2 (50%) 0 3(75%)  29(55.7%) 114 (57%) 57 (55.4%)

Age (month)

0-11 5(10.4%) 3(6.2%) 2 (4.2%) 10(20.8%) 0 0 0 0 10 (19.2%) 47 (23.5%) 12 (11.7%)

12-23 12 (25%)  2(42%) 1(2.1%) 15031.3%) 1(25%) 0 0 1(25%) 16(30.8%) 59 (29.5%) 33 (32%)

24-35 8(16.7%) 3(6.2%) 1(2.1%) 12 (25%) 0 0 0 0 12 (23.1%) 45(22.5%) 29 (28.1%)

36-47 4(8.3%) 2@42%) 1Q21%) 7(14.6%) 0 1(25%) 0 1(25%) 8 (15.4%) 31 (15.5%)  21(20.4%)

48-60 3(6.2%) 1(2.1%) 0 4 (8.3%) 1(25%) 1 (25%) 0 2 (50%) 6 (11.5%) 18 (9%) 8 (7.8%)

Note. EAEC: Enteroaggregative Escherichia coli; EPEC: Enteropathogenic Escherichia coli; ETEC: Enterotoxigenic Escherichia coli; DEC: Diarrheagenic Escherichia coli.
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isolates was the highest (2 out of 4, 50%).

E. coli strains can colonize and form biofilms on the
mucosal surfaces of hosts such as animals and humans.
EPEC strains cause diarrheal diseases by forming
attaching and effacing legions and firmly adhering to the
surface of intestinal cells (13). EAEC strains are defined
by manifesting the aggregative adherence pattern on
epithelial cells in cell culture. EACE strains cause diarrhea
by the aggR gene, which regulates biofilm formation and
aggregates adhesion factors that cause direct attachment
to intestinal cells (11,27), while the pathogenicity of ETEC
strains is due to the secretion of enterotoxins such as heat-
labile and heat-stable and heat-stable (8). In the present
study, PCR method was used to identify DEC strains
(Figure 2) EAEC was the most common DEC pathotype
diagnosed in both case and control groups, with 32 (16%)
and 2 (1.9%) frequency, respectively. The present study
showed the presence of EAEC and EPEC virulence genes
even in children without symptoms of diarrhea.

The prevalence and distribution of infections caused by
DEC strains are diverse worldwide (28). In the study by
Khairy et al, EAEC (47%) was the predominant pathotype
of DEC isolated from children with diarrhea in Egypt
(29). The highest frequency of DEC observed both in
the diarrhea group and all samples is related to EAEC,
followed by EPEC and ETEC with the numbers presented
in Table 1. The results of the present study are almost
similar to the study from India in which EAEC was the
predominant DEC strain found in the diarrhea group
(69%), followed by ETEC and EPEC strains (30).

In this study, none of the EIEC and STEC strains were
found among the samples. Moharana et al in India also
reported no EIEC and STEC strains among the diarrheal
samples, and ETEC was the most common DEC in the
study (40 out of 77) (31). However, studies by Lima et al in
Brazil and Eltai et al in Qatar on the epidemiology of DEC
among children showed that EPEC is the most common
DEC in children (32,33).

In the present study, antibiotic resistance of DEC
isolates from children who were admitted to the hospital

Tatar et al

due to diarrhea was tested and compared to DEC isolates
from healthy children as listed in Table 2. In our study,
the highest values of antibiotic resistance were observed
against cefotaxime, ceftriaxone, and ceftazidime.
In addition, high resistance to third-generation
cephalosporins in DEC strains has been reported in other
studies. Different prevalence rates of MDR in DEC strains
have been reported worldwide. In the present study, MDR
strains were identified in 63.4% of DEC isolates. In the
diarrheal group, the prevalence of MDR strains (31 out of
48, 64.6%) was higher than that in the control group (2
out of 4, 50%). Moreover, EPEC (8 out of 11, 72.7%) had
the highest prevalence of MDR among DEC pathotypes
compared to EAEC (20 out of 31, 64.5%) and ETEC (3

Figure 2. PCR Results: Detection of ETEC by elt Gene (655bp) or estlb
Gene (171bp), Detection of EPEC by esvF Gene (544 bp), and Detection
of EAEC by astA Gene (102 bp) and aggR Gene (400 bp). Note. PCR:
Polymerase chain reaction; ETEC: Enterotoxigenic Escherichia coli; EPEC:
Enteropathogenic Escherichia coli; EAEC: Enteroaggregative Escherichia coli

Table 2. Distribution of Antibiotic Resistance of 52 DEC Strains Found in Case and Control Children

Case Children (n=48) Control Children (n=4) Total (N=52)
Antibiotics EAEC EPEC ETEC EAEC EPEC ETEC Total Case  Total Control
(n=32) (n=11) (n=5) (=2 (n=2) (n=0) (n=48) n=4

Cefotaxime 23 (48%) 7 (14.6%) 3 (6.2%) 2 (50%) 1(25%) 0 33 (68.7) 3 (75%)
Ceftazidime 23 (48%) 6 (12.5%) 2 (4.2%) 1(25%) 1(25%) 0 31 (64.6%) 2 (50%)
Ceftriaxone 22 (46%) 6 (12.5%) 4(8.3%) 2 (50%) 2 (50%) 0 32 (66.7%) 4 (100%)
Ciprofloxacin 7 (14.6%) 3 (6.2%) 1(2.1%) 1(25%) 0 0 11 (23%) 1(25%)
Amikacin 12 (25%) 1(2.1%) 1(2.1%) 1(25%) 0 0 14 (29.2%) 1(25%)
Gentamicin 14 (29.2%) 2 (4.2%) 2 (4.2%) 1(25%) 1(25%) 0 18 (37.5) 2 (50%)
Meropenem 2 (4.2%) 12.1%) 0 1(25%) 0 0 3 (6.2%) 1(25%)
Imipenem 0 0 0 0 0 0 0 0
MDR 20 (41.7%) 8 (16.7%) 3 (6.2%) 1(25%) 1(25%) 0 31 (64.6%) 2 (50%)

Note. DEC: Diarrheagenic Escherichia coli; EAEC: Enteroaggregative Escherichia coli; EPEC: Enteropathogenic Escherichia coli; ETEC: Enterotoxigenic Escherichia
coli; MDR: Multidrug-resistant.
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out of 5, 60%) strains in the case group. Furthermore, the
different prevalence of MDR in DEC isolates in Qatar,
Iran, and China studies has been reported to be 40%, 50%,
and 66.7%, respectively (33-35).

Conclusion

In the present study, a high prevalence of EAEC strains was
observed in children under 5 years in Khuzestan province.
Since the high prevalence of antibiotic resistance of DEC
strains was detected in both groups with diarrhea and
without diarrhea symptoms in this research, preventive
measures and further studies are suggested to reduce the
prevalence of DEC strains. Furthermore, the information
obtained from this study can be used to identify emerging

antimicrobial resistance appropriate

and develop

treatment guidelines and interventions.
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