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Articlelnfo ABSTRACT

Diarrheagenic Escherichia coli (DEC) strains can be classified into six main pathotypes based on

Received their specific virulence properties. These pathotypes are associated with certain serotypes and
30/05/2023 exhibit distinct epidemiological and clinical features. The identification of DEC cannot be based
solely on culturaland biochemical criteria, as they are indistinguishable from the non -pathogenic
E. coli. However, the presence of virulence genes and DNA sequences specificto DEC can be

Revised used to determine its identity. The aim of this study is to investigate the prevalence of
12/07/2023 Diarrheagenic Escherichiacoli (DEC) pathotypesamong infected children under 5 years living
inthe city of Aleppo Syria. FromJune 2020to September 2021, one hundredsamples of diarrheal

Accepted were collected from children under five years suffering from diarrhea admitted at Aleppo
23/07/2023 University Hospital and from some private laboratories in Aleppo city. Escherichia coli
pathotypeswere detected by using multiplex polymerase chain reaction and Phylogenetic genes

Published were detected by Triplex PCR. The frequency of diarrheagenic E. coli was (48%), the most
30/12/2023 frequently isolated pathotypes were atypical enteropathogenic E. coli. (42%), followed by

enterotoxigenic E. coli (4%), and enteroinvasive E. coli (2%). Enterohemorrhagic E. coli,
enteroaggregative E. coli and Diffusely Adherent E. coli were not detected in any sample (0%).
The most prevalent phylogenetic group of E. coli  was "Phylogenetic group B2" which
represented (62%), followed by "Phylogenetic group D" that comprised 33%, followed by
"Phylogenetic group A" strains(3%). Strains of the "Phylogenetic group B1" were rare (2%). This
study revealed that DEC strains contribute to cause diarrheal diseases in children, EPEC is the
most commonly identified DEC strain. B2 and D groups are the most prevalent phylogenetic
groups. In addition, they are virulent because these groups are associated with the presence of
several virulence factors.
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INTRODUCTION

Diarrheal disease is a major public health problem
throughout the world, with over 8.8 million
childrenstill dying every year before reaching their
5th birthday [1]. Escherichia coli strains which
cause diarrhea known as diarrheagenic E. coli
(DEC) especially those with low immunity [1].
"Public health problem" refersto a significant issue
that affects the health of a population. One such
problem is the high rate of morbidity and mortality
in infants and young children particularly in
developing countries. This issue is of great concern
and requires urgent attention [2]. The DEC can be
divided into six categories of pathotypes based on
their distinct virulence determinants:
enteropathogenic E. coli (EPEC),
enterohemorrhagic (EHEC), enterotoxigenic E.
coli (ETEC), enteroinvasive E. coli (EIEC),
enteroaggregative E. coli (EAEC), and diffusely
adherent E. coli (DAEC) [3]. Enteropathogenic
Escherichia coli (EPEC) is a common cause of
watery diarrheain children in developing countries.
This type has been classified under two subtypes
(tEPEC) in the presence of the adherence factor
(EAF) plasmid and atypical Enteropathogenic
(aEPEC) in absence of plasmid [4][5]
Enterohemorrgice Escherichia coli (EHEC) is one
of the most pathogenic intestinal bacteria in the
world. EHEC is one of the most serious zoonoses
borne by food, associated with the spread of
diseases that are a major concern for public health
in the world. When the infection occurs by E. coli
O157:H7, it produces and releases shiga toxin,
which is encoded by the stx1 and stx2 genes, and is
one of the most important pathogens in EHEC, stx
associated with globotriaosylceramide (Gb3). The
feature of stx is expressed in the intestinal
epithelium as well as on the surface of endothelial
cells. The protein synthesis process stops after Stx
binds to Gb3 and this leads to induced cell
apoptosis [6][7]. Enteroaggregative Escherichia
coli (EAEC) is one of the most common
microorganisms that cause diarrhea in travelers. It
is found in the feces of children particularly in
developing countries, and its symptoms include
recurrent diarrhea and weight loss [8][9].
Enteroinvasive Escherichiacoli (EIEC) isa type of
bacteria that causes dysentery such as shigella,
which can cause gastrointestinal disease when the
invasion of the medullary mucosa occurs. Its
symptoms include abdominal cramps, nausea,
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fever, and bloody and mucous diarrhea [10][11].
Diffusely adherent E. coli causes an inflammation
to the mucous membrane of the intestines
especially in people with low immunity due to
having virulent genes, which are also responsible
for the diarrhea for travelers [12]. Enterotoxigenic
Escherichia coli (ETEC), is a leading cause of
diarrheain children in developing countries, which
use adhesives and enteric toxins to induce diarrhea
in the host due to having virulence factors such as
heat-labile (LT) and heat-stable (ST) enterotoxins
along with the colonization factor antigen | (CFA /
I) adhesin. These intestinal toxins are responsible
for the secretion of water in the intestinal lumen,
leading to excessive diarrheas [13][14]
Genotyping analysis has shown that E. coli strains
are composed of four main phylogenetic groups (A,
B1, B2, and D). Virulent extra-intestinal strains are
fundamentally related to group B2, which is less
prevalent compared to group D. Meanwhile, the
most commensal strains belong to groups A and
B1. Genotypic grouping was performed using the
clermont triplex PCR method, which utilizes
primers targeting three genetic markers: chuA, yjaA
and TspE4.C2. [15][16]. Multiplex PCR allows fast
and accurate detection of more than one gene that
is responsible for the virulence factors in a single
PCR reaction. For the same strain simultaneously
[17][18]. The aim of this study was to identify the
different pathotypes of diarrheagenic Escherichia
coli (DEC) isolated from 100 Syrian children under
5 years old who were experiencing acute diarrhea.
Due to the lack of research on DEC in Aleppo,
Syria, we focused our efforts on describing the
prevalence of DEC in Aleppo city.

MATERIALS AND METHODOLOGIES

The samples were collected using sterile containers
with a spoon inside to collect diarrheal stool that
contain buffer phosphate PH=8 directly transported
to the lab. Then the samples were cultured onto
enrichment culture media Selenite broth (A+B) and
inoculated at 37°C for 24h. After that Mac-Conkey
agar plates were inoculated and incubated at 37°C
for 24h. The pink colored (lactose fermentation)
colonies from MacConkey agar platea were
subcultured on Eosin Methylene Blue (EMB) agar
and Hi-Chrome agar (Hi-media) at the same
conditions as mentioned above. Colonies
producing greenish metallic sheen on EMB agar
and blue color were on Hi-Chrome agar considered
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as E. coli. Various biochemical tests such as Indole
production methyl red Voges-Proskauer, and
citrate utilization were done for the confirmation of
E. coli [19][20].

Molecular Typing of Isolates

Genomic DNA Extraction

Cultures grown for 18 hours in Luria Bertani broth
(LB) were utilized for DNA extraction.

This procedure was done by using commercially
available DUAL Genomic DNA isolation kit
(Blood/cultured cell/Fungus) (Gene-Direx). The
procedure was explained in detail in the user's
manual DNA amplification by PCR.

Primers used for PCR

The primers were prepared according to the
manufacturer's instructions (Eurofins Genomics)
by dissolving the lyophilized product in sterile
deionized water after centrifugation. Briefly, a
working primer tube was prepared by diluting it
with deionized. The final number of picomoles
depended on the specific primer procedure used.

PCR and Thermocycling Conditions

E. coli DNA templates were subjected to PCR
using three sets of primers (F and R) to detect
virulence factors and determine E. coli
phylogenetic groups (refer to Table 1). The PCR
was performed in a final reaction volume of 25 L.
Multiplex PCR was performed to detect virulence
factors in order to differentiate the four pathotypes
of EPEC, ETEC, EHEC, and EIEC. Each reaction
tube was prepared by adding 10 pl of primer

mixture, 2.5 ul of DNA template, and 12.5 pl of
Master Mix (GeneDirex). For EAEC and DAEC, a
duplex PCR was performed as follows: 1 ul of
DNA template was added to 19 pl of the Master
Mix and 1 pl of each primer, resulting in a final
volume of 20 pl. The E. coli isolates were classified
into phylogenetic groups using both the original
and revised Clermont phylogenetic typing
schemes. This was achieved through a triplex PCR
reaction, where the amplification mixture was
adjusted to a final volume of 25 pl. The mixture
contained 2.5 pl of DNA template, 12.5 ul of
Master Mix (Genedirex), and 1 ul of each diluted
primer. The required volume was completed with
sterile distilled water (15-17 ul). The size of the
variable regions of virulence factors and E. coli
phylogenetic groups was determined by PCR
assay. The primer sequences, sizes of PCR
products, and PCR conditions are presented in
Tables 1 and 2. Electrophoresis was performed on
1.5% agarose gelsto visualize the amplified targets,
followed by staining with ethidium bromide.

PCR was used for Phylogenetic Grouping

The E. coli isolates were classified into
phylogenetic groups using both the original and
revised Clermont phylogenetic typing schemes.
This was achieved by performing a triplex PCR
reaction that targeted two genes, ChuA and YjaA, as
well as an anonymous DNA fragment TspE4.C2
15-21-22, to identify phylogenetic groups A, B1,
B2, and D'5?1-22 (See Figure 1).

Table 1. Specific Genes, PCR Conditions, primers, and expected products for PCR Assays for analysis of Diarrheagenic

Pathogens.
Primer
Athotype Specific . ', Product | concentration
Or Assay Gene Primers (5'—3’) size (bp) (pmol) in References
mixture
F. AATGGT GCT TGC GCT TGC TGC 6.0
EHEE bfPA TR GCC GCT TTA TCC AAC CTG GTA 22 6.0 47
F: GAC CCG GCA CAA GCA TAA GC 63
HHEE €aeA  TRTCCA CCT GCA GCA ACA AGA GG St 63 4e
F. ATTTITCITTCT GTATIG TCT T 63
EUES S R: CAC CCG GTA CAA GCAGGATT 10 6.3 47
F. GGC GAC AGA TTA TAC CGT GC 6.3
EUES It R: CGG TCTCTA TATTCC CTGTT il 6.3 47
F. CTG GAT TTA ATG TCG CAT AGT G 6.0
HREE 1 "R TAGAACG CCC ACT GAG ATC ATC = 6.0 4
EHEC stx2 | F2 GGC ACT GTC TGA AAC TGC TCC 255 6.0 17
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R: TCG CCAGTT ATC TGA CAT TCTG 6.0
. F: GGT ATG ATG ATG ATG AGT CCA 6.3
EIEC lal R GGAGGC CAACAA TTATIT CC 650 6.3 17
EAEC 20aR F: GTA TAC ACA AAA GAA GGA AGC 254 5.0 17
g9 R: ACA GAA TCG TCA GCA TCA GC 5.0
DAEC daa E F: GAA CGT TGG TTAATG TGG GGTAA 542 5.0 17
R: TAT TCA CCG GTC GGT TAT CAG 5.0
Phylogenetic ChuA.l F: GAC GAA CCA ACG GTC AGG AT 279 10.0 15
assay ChuA.2 R: TGC CGC CAG TAC CAA AGA CA 10.0
Phylogenetic YjaA.l F: TGA AGT GTC AGG AGA CGC TG 211 10.0 15
assay YjaA.2 R: ATG GAG AAT GCG TTC CTC AAC 10.0
Phylogenetic | TspE4C2.1 | F: GAG TAATGT CGG GGC ATT CA 152 10.0 15
assay TspE4C22 | R: CGC GCC AAC AAA GTATTA CG 10.0

@/\
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Figure 1 shows a dichotomous decision tree that can be used
to determine the phylogenetic group of an E. coli strain based
on the results of PCR amplification of the chuA and yjaA
genes and DNA fragment TSPE4.C2.

RESULTS AND DISCUSSION

Detection of intestinal E. coli pathotypes:
Multiplex and duplex PCR were performed to
detect the six main categories of E. coli. A total of
100 children with diarrhea were included in the
study. Diarrheagenic E. coli was isolated from 48
out of 100 (48%) of the children. These isolates
tested positive for virulence factor genes associated

with diarrheagenic E. coli. The frequency of each
pathotype of DEC is shown in Table 2. According
to Figure 2, the most frequently isolated pathotypes
were atypical enteropathogenic Escherichia coli
(EPEC) (42%). Among the bacterial strains, EPEC
was the most prevalent followed by ETEC (4%)
and EIEC (2%). EHEC, EAEC, and DAEC were
not detected in any of the samples (0%). Among all
clinical isolates, the most frequent pathotypes were
EPEC. Interestingly, most of the strains that tested
positive for the eaeA gene and they negative for
bfpA.

non-

pathogen
ic

52%

0%

EPEC

42%
M non-pathogenic M EPEC ETEC
HEIEC M EHEC EAEC
H DAEC

Figure 2. Frequency of Escherichia coli pathotypes and
none-pathotypesin children with diarrhea.

Table 2. Specific genes, PCR conditions, primers, for PCR assays for analysis of diarrheagenic.

Pathotype or assay | Specific gene PCR conditions references

EPEC bfpA 17
EPEC eaeA 17

3 minutes at 94°C; 30 cycles.
ETEC st 1 minute at 94°C, followed by 1 minute at 56°C. 17

1 minute at 72°C; followed by 5 minutes at 72°C.
ETEC It 17
EHEC stx 1 17
EHEC Stx 2 17
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EIEC ial 17
2 minutes at 94°C; followed by 8 cycles.
EREE aggh 15 seconds at 94°é, followed )b/y a go-second at atemperature Lo
range of 66°Cto 59°C.
30seconds at 72°C for 32 cycles.
DAEG daaE 15 seconds at 94°C, foIIowe):j by 30 seconds at 59°C. it
30 seconds at 72°C; 5 minutes at 72°C.
Phylogenetic assay Gl . 15
ChuA.2 5 minutes at 94°C, followed by 30 cyclesof 30 sat 94°Cand
Phylogeneticassay YJ:aA.l 30 secor_1ds at55°C. 15
YjaA.2 and 7 minutes at 72°C.

Phylogenetic assay Esgjgé re’c 15
Phylogenetic grouping: The triplex PCR group D" (16/48 or 33.34%), followed by
described by Clermont et al, 2000. was used for "phylogenetic group A" (1/48 or 2.16%).
phylogenetic grouping analysis. The method
enabled the detection of the four main phylogenetic Group A

- Group B1
groups of E. coli, namely A, Bl1, B2, and D. by 3% 29
targeting two marker genes (chuA and yjaA) and a
DNA fragment TSPE4.C2. Group B2

(chuA-, yjaA+I-, TSPE4.C2-) [] group A
(chuA-, yjaA+I-, TSPE4.C2+) (1 group B1
(chuA+, yjaA+, TSPE4.C2+1-) ] group B2
(chuA+, yjaA-, TSPE4.C2-1+) 1 group D

Out of 100 E. coli isolates, the most distributed
phylogenetic group of E. coli  was "Phylogenetic
group B2" which comprised 62/100 (62%),
followed by "Phylogenetic group D" that
comprised  33/100 (33%), followed by
"Phylogenetic group A" strains 3/100 (3%). Strains
of the "Phylogenetic group B1" were rare 2/100
(2%), According to the Figure 3.

Phylogenetic and virulence: by studying the
relationship between the Phylogenetic and
virulence the results showed that, there were
48/100 (48%) among strains containing virulence
genes. The prevalence of all virulence genes was
significantly higher in strains belonging to
"phylogenetic group B2" (31/48 or 64.5%)
compared to the other phylogenetic groups. The
next highest prevalence was found in "phylogenetic

33%

Group D
62%

M Group A Group B1 ®mGroup B2 ®mGroup D

Figure 3. Phylogenetic distributions of Escherichia coli
isolates.

However, virulence genes were absent for both
strains belong to "phylogenetic group B1"(0/48)
0%, and non-pathogenic strains. A total of 52/100
(52%) non-pathogenic strains were belonged
mainly to phylogenetic group of B2" which
comprised 31/52 (59.7%), followed by
"Phylogenetic group D" that comprised 17/52
(32.7%), "Phylogenetic group A and B1" which
were rare 2/52 (3.8%) for each one. As shown in
(Table 3) and Figures 4, 5 and 6.

Table 3. Distribution of clinical E. coli pathotypes among phylogenetic groups.

Characteristics Group A Group B1 Group B2 GroupD Total
NO % NO % NO % NO % NO %
Pathogenic 1/48 2.08 0/48 0 31/48 64.58 16/48 33.34 48 100
EPEC 1/42 2.4 0/42 0 27/42 64.2 14/42 33.3 42 100
ETEC 0/4 0 0/4 0 2/4 50 2/4 50 4 100
EIEC 0/4 0 0/4 0 2/4 100 0/4 0 2 100

@ @ @ Copyright © 2023 Al-Mustansiriyah Journal of Science. This work licensed under a Creative Commons Attribution “isj
Noncommercial 4.0 International License. A_.., I3



Homsi et al. Detection of Some Virulence Genes in Diarrheagenic Escherichia Coli Pathotypesin Children Under Five Years in Aleppo City 2023

EHEC 0/0 0 0/0 0 0/0 0 0/0 0 0 0
EAEC 0/0 0 0/0 0 0/0 0 0/0 0 0 0
DAEC 0/0 0 0/0 0 0/0 0 0/0 0 0 0
Non-pathogenic 2/52 3.8 2/52 3.8 31/52 59.7 17/52 32.7 52 100
Total. 3/100 2/100 62/100 33/100 100

B2 A B2

. ChuA 279bp

ygaA 211bp

B2

..
-

Tsped.c2 152 bp

1500 bp

Figure 4. Multiplex PCR results of some clinical samples. The sizes of each of the following genes are shown ChuA 279bp,
YgaA 211bp, Tspe4.c2 152bp Multiplex PCR results of some clinical samples M=DNA marker, N=Negative samples, A, B1,
B2, D=the phylogenetic grouping of E. coli isolates was made on the basis of the presence of specific PCR-amplified fragments.

Figure 5. Multiplex PCR results of some clinical samples which show the size of the gene eaeA 384bpM=DNA marker,
N=Negative samples, 1-10 represents isolates number.

3000 bp
1500 bp
1000 bp

600 bp
500 bp
450 bp
400 bp

300 bp

200bp

100bp

Figure 6. Multiplex PCR results of some clinical samples, the size of each of the following genes are shown eaeA 384bp, ial
650bp, it 450bp. M=DNA marker, 1---10 represents an isolated number.
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E. coliis considered an important cause of diarrhea
in children under five years old in all developing
countries. The incidence varies from country to
country according to different studies. The
prevalence of DEC in the current study was
significantly higher in children with diarrhea
(48/100) 48% in comparison with some global
studies as shown in (Table 3), the results were
similar to ours. Also, the Iranian study came close
to the results of the current study and similar results
have also been reported in Sweden. This High rate
of E. coli isolation can be explained due to the low
health care conditions in Syria such as an exposure
to stressful conditions such as heat, which leads to
sweating and drinking water.

Table 3. comparison with related works.

DEC Country references

48% Syria currentstudy
38.6% Irag [24]
50.29% Iran [25]
53.8% Nicaragua [26]

In our study, EPEC was the most common DEC
pathotypes spreading in children (42/48) 87.5%,
making it the most frequent type among pathogenic
E. coli. EPEC is known to be one of the major
causes of diarrhea in children, particularly those
who are under two years old [28]. This result is
close to Zhou et al, study in China 50% [29] and
with study in Brazil 52.6% [30]. However, our
results are far a little bit from study in Iraq 42.75%
[3], whereas, with other studies, like [17] it was
21.15%. The incompatibility in percentages is due
to the difference in environmental conditions and
geographical location from which the samples were
collected. In addition, it is because of the age
variation, ages of children, health status and the
type of food and body immunity. On the other hand,
the current war situation in the country of study,
Syria, has played a great role in spread of many
bacterial species in Syrian society, such as E. coli,
and permitted them to access to many sources that
are in direct contact with children, such as water
supply, food and even playing areas. in addition to
the role of some physiological factors can be added.
ETEC was the second most pathotypes spreading
in children (4/48) 8.33%, this result is with a study
in Cost Rica 7.69% [17]. Also, Brazilian and
Iranian study, 6,3%,7.2% [30-32] Respectively.
ETEC is more prevalent in developing countries
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and isa major cause of travelers' diarrhea[33]. This
is consistent with our results. EIEC was found to be
less pathogenic in children, with only 2 out of 84
cases (4.16%). Our results are consistent with a
study conducted in Brazil, which reported a
prevalence of 4.4% [30]. Similarly, Iranian studies
have reported prevalence rates of 3.1% and 1.8%,
respectively [25-32] whereas itis far alittle bit with
a study in Colombia, South America 0.29%3
whereas with the results of CostRica study 19.23%.
EHEC was not detected inany sample (0%), similar
results have also been reported in Taiwan [35].
EAEC and DAEC were not detected in any sample
(0%) these did not agree with almost all studies.
This result can be explained by the non-spread of
this patternin the city of Aleppo Our study showed
the E. coli isolated from children under 5 years
old were belonging to four phylogenetic groups (A,
B1, B2, and D), the most prevalent group was
phylogroup B2(62%), followed by phylogroup D
(33%). Numerous studies conducted worldwide
have shown that E. coli strains containing
extraintestinal virulence factors are mostly found in
groups B2 and D36. Phylogroups A and B1 were
detected at lower rates of 3% and 2%, respectively.
Whereas most commensal E. coli belong to group
A and Bl [16]. The results showed that
Enteropathogenic E. coli (EPEC) is most
commonly belongs to group B2 (64.2%) and group
D with a rate (33.3%). Several studies have shown
that groups B2 and D are more virulent due to their
association with the presence of virulence factors
[37].

CONCLUSIONS

The results of the study suggest that various
pathotypes of Escherichia coli play an important
role in causing diarrhea in children under the age of
five. The presence of these pathogenic patterns
EPEC, ETEC and EIEC was firstrecorded in Syria
and the ability of this pattern to cause diarrhea in
children has been confirmed in contrast to what is
believed to be Escherichia coli coexisting in the
intestines. EPEC was the most dominant group.
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