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Background: Pathogenic Escherichia coli (E. coli) represents an important etiology of 

acute gastroenteritis in children. Among the pathogenic E.coli, enteropathogenic E.coli  

(EPEC) is associated with acute gastroenteritis in children. Objectives: The present 

study aims to detect the presence of t typical EPEC and atypical EPEC in children with 

community acquired diarrhea in age ≤ 5 years old by polymerase chain reaction for eae, 

bfp, Stx genes Also, to determine the presence of ESBL by phenotypic method and by 

polymerase chain reaction for TEM, PER, CTX-M genes. Methodology:  The isolated 

E.coli  were subjected to antimicrobial susceptibility test by  the disc diffusion method 

according to clinical laboratory standard guidelines (CLSI) .  E.coli  with resistance to 

cefotaxime were examined  for the presence of ESBL by the double discs method. 

Polymerase Chain Reaction was done to detect EPEC; eae, bfp, Stx genes and ESBL; 

TEM, PER, CTX-M genes. Results: A total of 290 isolates of E. coli were isolated from 

children with community acquired diarrhea, EPEC was identified by the presence of 

eaeA gene in 115 isolates of E.coli. Typical EPEC with eaeA+, bfp +, stx – genotype 

profile was detected in 81 (70.4%) of EPEC and atypical EPEC with eaeA+, bfp –, stx –   

genotype profile was detected in 34 (29.6%) of EPEC isolates. The most frequent 

detected ESBL genes in EPEC were CTX-M (46.9%) followed by PER (11.3%) and TEM 

(9.6%.). There was a significant increase in resistance to ampicillin, cefuroxime, 

cefotaxime, ciprofloxacin, gentamicin, Trimethoprim/sulfamethoxazole, amikacin in 

EPEC compared to non EPEC. Moreover, there was a significant increase in ESBL in 

EPEC (P=0.0001) compared to non EPEC isolates. Conclusion: The current study 

highlights the presence of EPEC as a common pathogen in children with acute 

gastroenteritis. The typical EPEC was more common than atypical EPEC genotype. The 

ESBL was significantly associated with EPEC with the common gene CTX-M. 

Knowledge of antimicrobial resistance of EPEC and other diarrheagenic E.coli is 

important in selecting the appropriate therapy in serious diarrheagenic Escherichia coli 

infections and performing local antimicrobial guidelines. 

 

INTRODUCTION 
 

Acute diarrhea associated with acute gastroenteritis 

represents a major health problem in children below five 

years and it is considered as the second cause of 

mortality in children after pneumonia. The estimated 

annual death due to diarrhea in children is around 

525000 
1,2

. 

Prolonged diarrhea can lead to dehydration with loss 

of body fluids and electrolytes, and this can lead to 

severe complications such as acute renal failure in 

infants and young children
3,4

. Dehydration can be 

diagnosed by clinical examination and history of 

diarrhea. The use of Modified Vesikari Score (MVS) for 

the dehydration scale is an effective score parameter. 
5,6

.  

Enteropathogenic Escherichia coli (EPEC) 

represents a common bacterial pathogen associated with 

moderate to severe diarrhea, watery non bloody diarrhea 

in children; can lead to malnutrition; and cause death, 

particularly in children under 12 months 
7,8

 . 

The pathogenicity of EPEC is attributed to the 

carrying of various genes leading to attaching effacing 

lesions (A/E) lesion with destruction of the brush border 

of the intestinal microvilli with intimate attachment to 

the intestinal epithelium cells and formation of pedestal 

structures at the adhesion site of the bacteria 
9
.   

The genes which are responsible for A/E lesion 

formation are located on the enterocyte effacement 

locus, this locus encodes the (intimin) adhesion by the 

eae gene 
10

. 
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Enteropathogenic Escherichia coli and Shiga-toxin 

producing E. coli (STEC) could produce A/E lesion 

by eaeA gene, but shiga toxin encoding gene (stx-1, stx-

2) is present only in STEC, which is used for 

distinguishing between these pathotypes 
11

. 

Furthermore, EPEC had a plasmid that is known as 

EPEC adherence factor plasmid (pEAF) encoding type 

1V pilus (bundle-forming pilus) by the bfp gene. The 

adherence factor leads to the adherence of E.coli to the 

epithelium cells of the intestine with the formation of 

the microcolony 
12

. 

The eae (intimin) and bfpA genes are useful for 

identifying EPEC and for subdividing this group of 

bacteria into typical and atypical strains 
10

.  

There are two distinct types of EPEC according to 

the presence of EAF plasmid, the typical EPEC (tEPEC) 

and atypical EPEC (aEPEC) with missing of this 

plasmid. The genotype profile of the typical EPEC is the 

presence of (eaeA +, bfp +, stx -), while the  aEPEC had 

the genotype profile (eae A+, bfp -, stx -) with absence 

of bfp virulence factor  

The tEPEC is responsible for diarrhea in most of the 

studies, while there is a converse about the role of 

aEPEC as a pathogen associated with diarrhea in 

children 
13-15

. 

The improper use of antibiotics in treating mild 

diarrhea, especially in the developing world where the 

rate of diarrheal diseases is the highest and the use of 

antimicrobial agents is often indiscriminate, can lead to 

rise in the magnitude of antimicrobial resistance 
14

.  

  The presence of extended spectrum beta-lactamase 

(ESBL) resistance among EPEC represents a major 

concern in these isolates, especially with the migration 

of wide spread of ESBL among Enterobacteriaceae 
16

. 

ESBL producing strains often show multidrug 

resistance, limiting the therapeutic options. The 

responsible genes for the ESBL activity are TEM, CTX, 

SHV, PER, and OXA 
17, 18

. 

The present study aims to detect the presence of 

tEPEC and aEPEC in children with community acquired 

diarrhea in age ≤ 5 years old by polymerase chain 

reaction for eae, bfp, Stx genes Also, to determine the 

presence of ESBL by phenotypic method and by 

polymerase chain reaction for TEM, PER, CTX-M genes 

 

METHODOLOGY 
 

   The study was a retrograde cross-sectional study 

that included 700 children below 5 years with acute 

gastroenteritis recruited from Out-patient Clinics from 

Mansoura University Children Hospital, Egypt, from 

January 2021 till February 2022. The inclusion criteria 

in the study were children ≤5 years with clinical 

manifestations of diarrhea defined by WHO as three 

times or more of loose or watery diarrhea within 24 

hours with or without vomiting.  

Children with gastrointestinal manifestations due to 

other etiologies such as drug reaction, renal diseases or 

liver disorders, and parasitic infection were excluded 

from the study. The study was approved by Mansoura 

Faculty of Medicine Ethical Committee (R 22.3.1661), 

and consent approval was obtained from their parents. 

 The included children were subjected to medical 

history taking and clinical examination. The presence of 

dehydration and its score was recorded according to the 

scale of Vesikari 
19

. The dehydration was considered 

mild if the score was < 7, moderate 7-10, severe if the 

score was ≥11. 

Stool Sample: 

 Stool samples were transported to the laboratory 

within 30 minutes in a clean leak proof container and 

were inspected for the presence of blood and/or mucus 

and for parasites by routine microscopy.  

Microbiological Culture: 

 The stool sample was enriched first in MacConkey 

broth (Oxoid, United Kingdom) for 24 hours at 37C. 

Then, subcultured on MacConkey agar plate. After 

overnight incubation at 37°C, lactose fermenting 

colonies on MacConkey agar were identified by 

standard laboratory techniques for the identification 

of E. coli. E. coli strain ATCC 25922 was used as a 

positive control.  

Antimicrobial susceptibility testing: 

E.coli isolates were subjected to antimicrobial 

susceptibility test by disc diffusion method according to 

clinical laboratory standard guidelines CLSI 

guidelines
20

. Antimicrobial discs used were: Ampicillin 

(10μg), Cefuroxime (30μg), Amoxicillin-Clavulanic 

acid (30μg), Cefotaxime (30μg), Ceftazidime (30μg) 

Gentamicin (30µg), Sulphamethoxazole/ trimethoprim 

(25μg), Ciprofloxacin (5μg), Amikacin (30μg) 

Imipenem (10μg) (Thermofisher-UK). E.coli ATCC 

25922  was used as a quality control strain 

Phenotypic Detection of ESBL Producers: 

 The isolated E.coli with resistance to ceftazidime 

and/or cefotaxime were studied for the presence of 

ESBL by the double disc diffusion method using 

cefotaxime (30 mg μg at a distance of 20 mm from a 

disk containing cefotaxime/clavulanic acid (30/10 μg) 

The increase in the sensitivity zone diameter of 

cefotaxime/clavulanic acid disk by ≥ 5mm was 

considered as an indicator of ESBL production 

according to CLSI 
20

. The. Escherichia coli 

ATCC25922 was used as negative control and 

Klebsiella pneumoniae ATCC700603 was as positive 

control for ESBL production. 

Polymerase Chain Reaction for EPEC and ESBL 

genes: 

 DNA Extraction of E.coli.  

Two colonies of E.coli were suspended in one 

milliliter of distilled water and incubated at 95ºC for 10 

minutes. Then the suspension was centrifuged for 5 

minutes at 1,000 rpm. The supernatant was decanted 
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and the pellet was stored at -20ºC until use for further 

DNA analysis 
21

. 

 PCR for detection of B-lactamase genes 

 The sequences of the used primers for the 

amplification of B-lactamase genes (blaTEM, blaSHV, 

blaCTX-M)  by PCR were summarized in table 1 
21

.For 

the amplification procedures we used 3 microns of the 

extracted DNA applied over 25 microns of ready to use 

master mix with 0.2 microns of Taq polymerase 5 U/𝜇l 

(Qiagen) with l 𝜇l of each) from each reverse and 

forward primer. 
21

 

 PCR for Identification of EPEC 

  Detection of eaeA, bfp, stx-1, and stx-2 genes were 

determined by multiplex PCR. Ready to use 

amplification kit was purchased from Qiagen (Qiagen-

Germany).  

The amplification conditions were as follows: Initial 

denaturation at 94ºC for 3minutes; 35 cycles of 94ºC for 

45 seconds, annealing as found in table 1 for 45 

seconds, extension at 72ºC for 1 minute, and a final 

extension at 72ºC for 5 minutes.  PCR products were 

subjected to electrophoresis with 1.5% agarose gel with 

0.5µg/mL ethidium bromide and visualized using 

ultraviolet light. 

The EPEC isolates were defined as eaeA-positive 

and stx-negative, typical EPEC were defined as (eaeA+, 

bfp +, stx -), while the aEPEC had the genotype profile 

(eae A+, bfp -, stx -) with absence of bfp virulence 

factor 
22

. 

 

Table 1: Primers used for PCR amplification of the studied genes 

Gene Primer Sequence 
Base 

pair 

Reference 

 

CTX -M CGCTTTGCGATGTGCAG 

ACCGCGATATCGTTGGT 

550 21 

TEM 

 

GAGTATTCAACATTTCCGTGTC 

TAATCAGTGAGGCACCTATCTC 

810 21 

PER AATTTGGGCTTAGGGCAGAA 

 ATGAATGTCATTATAAAAGC 

925 21 

eaeA  CATTATGGAACGGCAGAGGT  

ATCTTCTGCGTACTGCGTTCA  

790 22 

bfpA    AATGGTGCTTGCGCTTGCTGC  

  GCCGCTTTATCCAACCTGGTA  

326 22 

Stx -1 

 

ACACTGGATGATCTCAGTGG  

CTGAATCCCCCTCCATTATG  

614 22 

Stx-2 

 

CCATGACAACGGACAGCAGTT  

CCTGTCAACTGAGCAGCACTTTG  

779 22 

 

 

Statistical Analysis 

 The data of the study was analyzed by the use of 

SPPS 22. The numerical data was expressed as median, 

minimum, and maximum if it is non-parametrical data. 

The qualitative data was expressed as number and 

percentage and the comparison was performed by chi-

square and P is considered significant >0.05. 

 

RESULTS 
 

The study included 290 isolates of E. coli isolated 

from children with community acquired diarrhea. The 

median age of the children was 29.00 months with 

minimum age 1.00 month and maximum age 60 months. 

They were 165 (56.9%) males and 125 (43.1%) females 

with urban residence in 51% and urban residence in 

49%.  

Besides diarrhea, the major symptoms were fever in 

139 (47.9%), followed by abdominal pain (39.3%) and 

vomiting (37.9%). The dehydration was mild to 

moderate (43.4%, 48.3% respectively). While the 

minority of the children had severe dehydration (8.3%) 

according to Vesikari score (table 2). 

 

Table 2: Demographic and clinical data of the 

studied children 

Age (Months) 

Median 

Minimum 

Maximum 

 

29.00 

1.00 

60.00 

Sex 

Male 

Female 

 

165 (56.9%) 

125 (43.1%) 

Abdominal pain 114 (39.3%) 

Fever 139 (47.9%) 

Vomiting 110 (37.9%) 

Vesikari score 

1.00 

2.00 

3.00 

 

126 (43.4%) 

140 (48.3%) 

24 (8.3%) 

Residence 

Rural 

Urban 

 

142 (49%) 

148 (51%) 
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ESBL Detection by phenotypic double disc method 

was positive in 126 out of 290 (43.4%) of the isolated 

E.coli. Distribution of TEM, PER, and CTX-M genes 

among ESBL producing E.coli were as follows 12.7%, 

18.2%, and 63.5%;  Respectively (table 3). 

 

 

 

Table 3: Distribution of TEM, PER and CTX-M 

genes among E.coli  ESBL producers. 

 ESBL (n=126) 

No. % 

TEM 16 12.7 

Per 23 18.2 

CTX-M 80 63.5 

 

 

 

EPEC was identified by the presence of eaeA gene 

in 115 (39.6%) isolates of E. coli. Typical EPEC with 

eaeA+, bfp +, stx – genotype profile was detected in 81 

(70.4%) of EPEC and atypical EPEC with eaeA+, bfp –, 

stx –   genotype profile was detected in 34 (29.6%) of 

EPEC (table 4). 

 

 

 

 

Table 4: Typical and atypical EPEC among EPEC 

determined by PCR 

 EPEC (n=115) 

No. % 

Typical EPEC 81 70.4 

Atypical EPEC 34 29.6 

 

Regarding ESBL genes, there was significant 

increase in CTX-M (P=0.0001) and TEM gene 

(P=0.0.15) in EPEC compared to non EPEC (table 5). 

 

Table 5: ESBL genes detected in EPEC and non 

EPEC isolates 

 

EPEC 

(n=115) 

Non-EPEC 

(=175) P 

N0. % N0. % 

CTX-M 54 46.95 26 14.9 0.0001 

TEM 11 9.6 5 2.9 0.015 

PER 13 11.3 10 5.7 0.07 

 

In comparison between children with EPEC  and 

children with non EPEC, there was insignificant 

difference in sex, residence, abdominal pain, fever, 

vomiting and the severity of dehydration (P=0.3, P=0.4, 

P=0.8, P=0.4, P=0.23, P=0.9 respectively). However, 

EPEC was significantly isolated from children with age 

≤ 2 years (58.3%) compared to children with non EPEC 

(39.4%, P=0.002) (table 6). 

 

 

Table 6: Comparison between clinical and demographic data of children with EPEC and children with non 

EPEC isolates 

 
EPEC  (n=115) Non-EPEC (=175) 

P 95%CI Odds Ratio 
N0. % N0. % 

Sex 

Male 

Female 

 

63 

52 

 

54.8    

45.2 

 

102 

73 

 

58.3           

41.7 

 

0.3 

 

0.87 

 

0.54-1.39 

Age 

≤ 2 years 

>2 years-5 

 

67 

48 

 

58.3 

41.7 

 

69 

106 

 

39.4 

60.6 

 

0.002* 

 

2.1 

 

1.3-3.46 

Rural 

Urban  

58 

57 

50.4 

49.6 

84 

91 

48 

52 

0.4 1.1 

 

0.69-1.78 

Abdominal pain 39 33.9 75 42.9 0.08 0.684 0.42-1.11 

Fever 57 49.6 82 46.9 0.4 1.1 0.69-1.78 

Vomiting 47 40.9 63 36.0 0.23 1.2 0.76-1.9 

Vesikari score        

1 41 35.7 85 48.6 

0.09 

- - 

2 63 54.8 77 44.0   

3 11 9.6 13 7.4   

 

There was significant increase in resistance to 

ampicillin, cefuroxime, cefotaxime, ceftazidime, 

ciprofloxacin, gentamicin, Trimethoprim/ 

sulfamethoxazole, amikacin in EPEC (P=0.0001, 

P=0.0001, P=0.0001, P=0.001, P=0.0001, P=0.002, 

P=0.001, P=0.0001, respectively) compared to non 

EPEC. Moreover, there was significant increase in 

ESBL in EPEC (P=0.0001) compared to non EPEC 

isolates (table 7). 
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Table (7): Antimicrobial resistance patterns among EPEC and non- EPEC  

Antibiotic  EPEC (n=115) Non-EPEC (=175) P 

N0. % N0. % 

Ampicillin  85 73.9 50 28.5 0.0001 

Cefuroxime  87 75.6 54 30.9 0.0001 

Amoxicillin/clavulanic acid  82 71.3 42 24 0.2 

Cefotaxime 85 73.9 45 25.7 0.0001 

Ceftazidime 85 73.9 53 30.3 0.0001 

Ciprofloxacin 43 37.4 31 17.7 0.0001 

Gentamicin 55 47.8 49 28 0.002 

Trimethoprim/sulfamethoxazole  77 44 49 28 0.0001 

Amikacin 54 46.95 44 25.1 0.001 

 Imipenem 0 0 0 0 0.9 

ESBL 83 72.2 43 24.6 0.0001 

*ESBL:  Extended-spectrum β-lactamase;  p-value  ≤ 0.05 is statistically significant 

 

 

DISCUSSION 
 

Enteropathogenic Escherichia coli (EPEC) is a 

major etiology of acute diarrhea in children below 5 

years old, due to its high prevalence in hospital and 

community settings, it is responsible for approximately 

11% of all diarrhea mortalities in children aged below 

five years in the world  
23

.    

 Clinical diagnosis of EPEC has limited value as the 

symptoms associated with this pathogen are similar to 

acute gastroenteritis associated with other pathogens. 

Therefore, the diagnostic microbiology laboratory has 

the major role in detection of the responsible pathogen 

for this infection 
24

.  

In the present study, the clinical symptoms in 

children with E.coli were diarrhea, fever, vomiting and 

abdominal pain with statistically insignificant 

differences between children with EPEC and those 

without EPEC.  

The symptoms of acute gastroenteritis may indicate 

the affected part of the gastrointestinal tract as vomiting 

is usually associated with the upper intestine, severe 

abdominal pain may indicate affection of the large 

intestine and fever suggests the presence of 

inflammation with tissue invasion and dehydration 
25, 26

.  

 The majority of the affected children with EPEC in 

the present study had moderate dehydration according 

to Vesikari score.  Children with diarrhea are liable to 

dehydration due to the loss of fluid with electrolytes. 

The diagnosis of dehydration level is required for 

appropriate fluid resuscitation either oral or intravenous 
24

. Dehydration is one of the clinical features of EPEC 

diarrhea 
27

.  

 In the present study, 115 E.coli isolates out of 290 

(39.6%) were defined as EPEC by the presence of eaeA 

gene  by PCR. The prevalence of EPEC association with 

diarrhea in children ranged from 5.6% up to 44.9% 
28-32

. 

In Egypt, a recent study by Khairy et al. 
18

 reported that 

EPEC prevalence was 28.8% among studied children.     

The difference in the prevalence rates of EPEC in 

children can be attributed to various reasons such as the 

difference in the age of the included children, the 

difference in the geographical regions, the difference of 

the laboratory methods used to identify EPEC and the 

difference in the antibiotics prescription policy  
33,34

. 

 In the present study, EPEC had a significantly 

higher prevalence in children with age ≤ 2 years old. 

Similar finding was reported previously 
27

.  

 In previous reports, the major type of EPEC 

detected associated with diarrhea was the typical variant 
35

. Nevertheless, the atypical variant had emerged as a 

frequent pathogen detected in diarrhea 
21,45.

 In the 

Current study, typical EPEC was the common variant 

(70.4%) of EPEC and atypical EPEC represents 29.6% . 

In agreement with our findings, Similar results were 

reported in earlier studies 
18,32.

 

In the current study, EPEC had significantly high 

resistance to cefotaxime, ceftazidime, amikacin, 

gentamicin, Sulfamethoxazole, this is in accordance 

with other studies 
32,36-38

. 

Phenotypic testing of ESBL of isolated E. coli 

showed that 126 isolates (43.4%) were ESBL producers. 

This finding is in accordance with the high proportion 

of ESBL  reported  in previous studies 
22,39 

Moreover, 

there was significant increase in ESBL in EPEC 

(P=0.0001) compared to non EPEC isolates. This may 

be due to overuse of antibiotics for the treatment of mild 

diarrheal cases. Fortunately, All EPEC isolates were 

susceptible to imipenem, which is in congruence with 

other studies 
21,36 

In our study, the most frequently detected ESBL 

gene in EPEC was CTX-M (46.9%) followed by PER 

(11.3%) and TEM (9.6%.). Similar results were reported 

by previous study 
40.

. on contrary to our results, study 

performed in India by Singh et al  
30

, found that  TEM 

was the most detected gene. 

The high prevalence of ESBL in EPEC is a major 

concern that limits the therapeutic option in severe cases 

which requires antibiotics therapy. This finding supports 
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the requirement for active surveillance of antibiotic 

resistance pathogens in community acquired 

gastroenteritis and the requirement for a strict antibiotic 

prescription policy.  

 

CONCLUSION 
 

 The current study highlights the presence of EPEC 

as a common pathogen in children with acute 

gastroenteritis. The typical EPEC was more common 

than atypical EPEC genotype. The ESBL was 

significantly associated with EPEC with the common 

gene CTX-M. Knowledge of antimicrobial resistance of 

EPEC and other diarrheagenic E.coli  is important in 

selecting the correct  antibiotic therapy in serious 

diarrheagenic infections and  for performing local 

antimicrobial guidelines. 
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