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Abstract 

Escherichia coli exists both as a benign resident in the intestines of many mammals and as a potential harmful pathogen. this study aimed to investigate 
about many virulence genes can be acquired by commensal E. coli to become pathogenic one and specifically causes diarrhea. 100 stool samples were 
taken from healthy children as a control group, and 500 stool samples were taken from children under five who had diarrhea. E. coli was isolated using 
standard techniques from every sample, then E. coli isolates from both patients and controlled   has molecularly genotyped to characterize commensal 
ones, the investigation about Stx1, Stx2 using multiplex PCR. The results showed that 150(30%) of the isolated bacteria from diarrhea samples were 
E.coli ,122 of them were commensal ones. The results also showed that Stx1 gene present in all commensal isolated E.coli from patients ,while Stx2 was 
present in 118samples only. These genes can be easily transferred to commensal E. coli via horizontal gene transfer under many serious conditions 
such as malnutrition , abuse of antimicrobial agents and poor hygiene. Beside disease these transferred genes can also change both core genome and 
the pan-genome in commensal bacteria. 
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Introduction 

The most common aerobic bacterium in humans' and 
other mammals' gut microbiota is Escherichia coli. 
[1]. Despite being widespread, it can lead to a number 
of illnesses, such as extra-intestinal and diarrheal 
conditions [2]. Since 2000, E. coli has been one of the 
most prevalent bacteria that contributes to the 
development and dissemination of antibiotic 
resistance factors, including genes that code for CTX-
M and other extended spectrum β-lactamases [3]. 
Due to its extensive host range and the severity of the 
diseases it can cause, combating resistant pathogenic 
E. coli is a global health priority [4]. Studying the 
genetic structure of gut E. coli populations is crucial, 
as factors like antibiotic treatments drive the 
emergence and spread of resistance genes [5]. The 
seven primary phylogenetic groups of E. coli species 
are A, B1, B2, C, D, E, and F. The effectiveness of these 
groups in colonizing the gut and their capacity to 
produce extra-intestinal or intestinal illnesses vary 
[6]. The high virulence of pathogenic strains in 
phylogenetic group B2 may be linked to their 
superior gut colonization capability [7]. E. coli serves  

as an important marker for monitoring the 
emergence of resistant pathogens in the gut 
microbiota due to its dual role as both a commensal 
and a pathogen [8]. Humans have a close relationship 
with the microbes in their bodies, particularly in the 
gut, which provides an ideal environment for these 
bacteria to thrive. The gut microbiota is crucial for the 
development and maturation of the gut and the 
differentiation of the immune system [9]. It 
significantly influences both physical and mental 
development in children [10]. An imbalance in the gut 
microbiota, known as symbiosis, can contribute to 
various childhood disorders, both within and outside 
the gastrointestinal tract. Probiotics might help 
manage these disorders to varying extents [11]. 
However, more research is needed to confirm their 
effectiveness, determine the appropriate probiotic 
for each condition, establish the correct dosage, and 
ensure safety [12]. Commensal Escherichia coli (E. 
coli) can become pathogenic through several 
mechanisms [13]. These processes often involve the 
acquisition of genetic elements that encode virulence 
factors, which enhance the bacteria's ability to cause 
disease, such as horizontal gene transfer, acquisition 
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of mobile genetic elements like a plasmids, 
transposons or pathogenicity islands [14] and 
mutations which usually increase the  expression of 
existing virulence genes [15]. This study's objective is 
to determine and detection some antimicrobial 
resistant genes aqueried by commensal E. coli that 
cause diarrhea in children under five years of age who 
experiencing acute diarrhea, we focused our efforts 
on describing the prevalence of DEC in Al Diwaniyah 
province. 

Methods 

Collection of Samples: Between September 2024 and 
March 2025, 500 stool samples from children under 
five years old at the city's Children Teaching 
Hospital were collected for the current study. 100 
stool samples from healthy kids in the same age 
range as previously described served as the control; 
they had not taken any antibiotics for three months 
before to collection. 

Stool samples cultivation: All samples were 
transferred as quickly as possible to the laboratories 

of the College of Science at Al-Qadisiyah University 
for the purpose of culturing them on blood agar and 
MacConkey media. Then the Gram-negative rods 
were streaked on eosin-methylene blue medium for 
the purpose of confirming that they were E. coli 
bacteria. 

E. coli strain diagnosis: The colonies that gave a green 
color with a metallic shine were transferred to E.M.B. 
medium for the purpose of diagnosis using API20I, 
then antibiotic sensitivity test was done according to 
CLSI 2023 recommendations for E. coli isolated 
strains [16]. 

Molecular typing of commensal E. coli: Two genes, 
YjaA and ChuA, were used to molecularly diagnose 
commensal E. coli strains. Primers for these genes 
were created using the NCBI-Genbank database 
sequence (MH511180) and (MH511176), which have 
wave lengths of 219 and 279 bp, respectively. 
Primers were created using the primer design online 
software. and these primers, as indicated in table 1, 
were supplied by Scientific Researcher Co. Ltd. in 
Iraq.  

                                                                                                                                                                                       
Table 1. The primers provided for commensal E.coli typing 

Primers Sequence (5’-3’) Amplicon 
Yja A gene F GAGCTGATCCGGCTTGTA 219bp 

 R AATTCAGAGGAGGGAGGC 
ChuA gene F GAGTTGATCGGCCTTGTA 279bp 

 R AATCAAGAGAGGGCAGGT 

The bacterial DNA extracted   depending on gram-
negative bacteria protocol by using bacterial DNA 
extraction kit provided from Trans company\  China. 
then the extracted DNA was genotyped using 
multiplex polymerase chain reaction (PCR). 

The study also looked into the existence of some 

genes called AMR (Anti-Microbial Resistance) genes, 
which induce diarrhea and multiple antibiotic 
resistance. The multiplex polymerase chain reaction 
(PCR) was used to examine the presence of three 
genes: Stx1, Stx2.The information from [17] was used 
to design the primers that are shown in Table 2. 

                                                                                                                                                                                                                            
Table 2 .The oligonucleotides primers sequence used in PCR 

Primers Sequence (5’-3’) Amplicon 
Stx1 F ACACTGGATGATCTCAGTGG 614bp 

 R CTGAATCCCCCTCCATTATG 
Stx2 F CCATGACAACGGACAGCAGTT 779bp 

 R CCTGTCAACTGAGCAGCACTTTG 
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Results 

A total of 500 samples have been collected, only 
150 (30 %) isolates were belonging to E. coli  

Figure (1a) , in which 10% of them were isolated 
from1-2 years, 20 % were isolated from 2-3 
years while 30 % and 40% were isolated from 3-
4 years and 4-5 years  respectively.  

Figure 1a. Showing the number of isolated E. coli from diarrhea patients 

At first, the bacteria were isolated and diagnosed 
using traditional methods from the stool samples 
of both children with diarrhea and healthy ones . 
Five hundred feces samples from kids were 
gathered. returning to the governorate’s 

hospitals due to diarrhea during the study 
period, and 100 stool samples from children in 
good health were gathered. that were used as 
control, Figure (1b). 

 

Figure 1b: Showing the number of isolated E. coli from control 

Antibiotic sensitivity Results 

The antibiotic sensitivity was testing for all E.coli 
isolates using the disk propagation kirby Bauer 

method. based on the Clinical Laboratory Standard 
Institute (CLSI 2023) recommendations [18]. Tthe 
table four below describe the results of antibiotics 
sensitivity testing for E.coli that isolated from 
diarrhea patients and control. 
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Figure 2. Describe of antibiotics sensitivity testing for E.coli that isolated from diarrhea patients and control. 

* Sd: Susceptible diarrhea ; Rd: Resistant diarrhea; Id:  Intermediate diarrhea 
*Sc: Susceptible Control ; Rc: Resistant control; Ic:  Intermediate control 

Molecular typing of commensal E. coli and 
investigation about AMR genes results : 

The previous investigation using multiplex PCR 
for typing commensal E .coli  in children under 
five years with diarrhea and also for detection 
some AMR genes in the commensal E .coli, these 

genes usually isolated from pathogenic E .coli 
and mainly responsible for many virulence 
characteristics  such as adherence and 
antibiotics resistant [19]. The table below shows 
the numbers of commensal E .coli in the stool  
samples of  both patients and controls. 

Figure3. Distribution of Commensal E. coli in diarrhea patients and control 

 

            
The AMR genes that were examined in the earlier 
investigation were s\Stx1 and Stx2.The 
differentiation of these genes in commensal E. 

coli in both patients and controls was displayed 
in Figure4.  
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Figure 4. Distribution of AMR genes in commensal E. coli in both  diarrhea patients and control 

Discussion 

According to the method used in this study, it was 

revealed that 30% of children with diarrhea were 

infected with DEC. Our results are nearly similar 

with previous reports regarding the prevalence 

of DEC infection in children less than 5 years old 

from Bangladesh [20], Iran, [21,22] respectively, 

and Iraq [23]. However, the reported frequencies 

of DEC are variable in other studies with reports 

showing frequencies in Syria [24], and in 

southeastern China [25]. The observed contrasts 

between the present study and previous reports 

could be due to variations in sample size, 

culturing techniques, culture media, and specific 

incubation conditions. 

The prevalence of DEC among children aged 1-2 

year, aged 2-3 years, 3-4 years and aged 4–5 

years old were 10 , 20, 30 and 40% respectively. 

These findings agree with [26,27], but dont agree 

with [28]. 

All DEC isolates were multi drug resistant to 

antibiotics, showing resistance to four classes of 

antibiotics used. High rates of resistance were 

recorded against antibiotics to Ceftriaxone, 

Ceftazidime, Chloramphenicol, Piperacillin, 

Imipenem , and Cefepime because widely used of 

these antibiotics and widely used in developing 

countries to treat diarrhea due to their low cost 

and availability, which leads to increased 

resistance to these antibiotics.While lower 

resistance rates were observed for to Amoxicillin 

& Clavulinic acid , Nalidixic acid , Levoflaxacin 

and Meropenem in this study.  

The highest resistance to antibiotics was (100%) 

to Ceftriaxone, Ceftazidime, Chloramphenicol , 

Piperacillin, Imipenem , and Cefepime agreement 

with another study had been reported high 

resistance in studies [29, 30, 31 ,32,33,34] 

.Ciprofloxacin was one of the most active 

antimicrobial agent which currently 

recommended to treated diarrhea in children 

[35]. Worldwide prevalence of high resistance in 

DEC could be attributed to the inappropriate and 

wide use of different antibiotics to treat infection 

in children of a young age. The high incidence of 

antibiotic resistant isolates of DEC may be due to 

the widespread use of antibiotics. The transfer of 

resistance genes that may occur between species 

could lead to the construction of diverse 

resistance to usual antibiotics [36]. 
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Meropenem belong to carbapenem antibiotic 

binds to different penicillin binding protein. It is 

from the most active drug against gram negative 

bacteria , the sensitivity of Enteroaggregative 

E.coli to meropenem was (55%) agreement with 

[37 ,38]. E. coli exhibited a (40%) resistance to 

amoxicillin/clavulanic acid, agreement with 

another studies as done by [39,40 ,41].The 

higher resistance of E. coli to 

amoxicillin/clavulanic acid among children with 

diarrhea . One explanation is that the broad use 

of a single antibiotic or a specific class of 

antibiotics can foster the development of 

bacterial resistance.  

Our study for resistance to  Nalidixic acid  and 

Levoflaxacin (43, 50%) respectively, agreement 

with [ 42, 43]. With an increase in resistant 

strains occurring globally, antibiotic resistance 

poses a serious threat to both public health and 

medicine. Despite this, recent research has 

shown that commensal resistance can also help 

treat human infections with antibiotics by 

encouraging the ongoing ecological suppression 

of pathogens (18).but cannot dispute that all 

types of antibiotic resistance, including those 

found in non-pathogenic bacteria, are regarded 

as risky. Because commensal bacteria can harbor 

resistance genes that could be passed on to 

pathogens or they themselves could eventually 

cause opportunistic infections, resistance in 

these organisms is very dangerous. 

In accordance with Figure 3, the percentage was 

computed in relation to the quantity of E. coli 

isolates from the samples. It is clear from 

multiplex PCR results for commensal E. coli 

identification, which depended on both the Yja A 

and ChuA genes, that patients with diarrhea have 

a larger percentage of commensal E. coli than 

controls in the same age group. The YjaA gene's 

precise role in E. coli is not well understood. It is 

frequently employed as a genetic marker in 

research, especially when identifying and 

differentiating strains of E. coli. It is employed to 

divide E. coli into various groups in molecular 

epidemiological and phylogenetic investigations. 

It is one of several markers used to track the 

origins and evolutionary relationships of E. coli 

strains using multi-locus sequence typing 

(MLST) and other genotyping techniques [44]. 

An outer membrane heme receptor protein, 

which is encoded by the ChuA gene, is implicated 

in the use of heme as an iron source [45]. 

Particularly in settings where iron is scarce, like 

the human body, this activity is essential for iron 

uptake. When examining the genetic diversity, 

toxicity, and ecological adaptability of E. coli, both 

YjaA and ChuA are useful. They aid in 

comprehending how distinct strains endure, 

spread, and infect people in diverse settings.[46]. 

The primary goal of the current study was to 

investigate AMR genes. It can be characterized as 

the genes that cause resistance to antibiotics. 

Actually, pathogen genetic changes over time 

cause AMR, which is a natural process. Its 

development and spread have been exacerbated 

by human activities, including the misuse and 

abuse of antibiotics for the treatment, 

prevention, or control of diseases in humans, 

animals, and plants [46].The AMR genes that 

were examined in the earlier investigation were 

Stx1 and Stx2.The differentiation of these genes 

in commensal E. coli in both patients and 

controls .The Shiga toxin is the most important 

toxin associated with the pathogenicity of E. coli 

O157.The high prevalence Stx1 (100%), 

Stx2(96.7%), These results were compatible with 

the study [47 ,48 ,49]. 

Conclusions 

This study demonstrated the importance of 
pathotypes E. coli in diarrhea in children. To 
prevent and treat infectious diarrhea in children 
under five, an epidemiologic surveillance 
specifically for DEC might be helpful. 
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