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Isolation and identification of different diarrheagenic (DEC) Escherichia coli pathotypes 

from children under five years old in Baghdad 

 

Zena K. Khalil 
Abstract  
Background: Diarrheagenic Escherichia coli strains can be classified into six main pathotypes on the basis of their specific 

virulence properties, association with some serotypes, and different epidemiological and clinical features.  The 
identification of DEC cannot be based only on cultural and biochemical criteria, since they are indistinguishable 
from the non-pathogenic E. coli and specific serotyping is not always correlated with pathogenicity. Since 

several virulence factors and DNA sequences of DEC have been identified, they can be determined by the 
presence of  

Materials and Methods: From June 2014 –September 2014 , one hundred thirty two  stool samples were collected from 
diarrheal children admitted to the Pediatric Central Hospital in Baghdad and different diarrheagenic (DEC) 
Escherichia coli pathotypes isolated by using multiplex polymerase chain reaction , the susceptibility of isolated 
Escherichia coli to some selected antibiotics were identified by using disc diffusion method . In order to 
distinguish typical and atypical EPEC strains, these  were tested for the presence of EAF plasmid.  

Results: The frequency of diarrheagenic E. coli was (38.6%) and the most frequently isolated pathotypes was EAEC 

(35.3%), followed by atypical EPEC (29.4%), ETEC (21.6%),and STEC (7.8%). EPEC+ STEC  (3.9%) and 
typical EPEC was detected only in one sample (2%). The frequency of the pathotypes studied were (89%) 
occurred among children less than 2 years old. EAEC was mainly detected among children under the age of 1 
year (61%) , EPEC in children aged younger than 2 years (87%) and ETEC in children older than 1 year (64%) . 
Among children with diarrhea who were positive for DEC, (80.4%) had watery diarrhea and (19.6%) had bloody 
diarrhea. Fever was the most commonly symptom reported in association with DEC (76.5%) followed by 
vomiting (19.5%) and dehydration (4%), and the highest sensitivity E. coli  isolates was recorded for Cefotaxime  
(92%) followed by Ciprofloxacin  (90%) and Gentamicin (82%), while the highest resistance was observed 

against Oxytetracycline (84%) and Doxycycline hydrochloride (80%) followed by Ampicillin (77%) and Co-
trimoxazole (75%)   . 

Conclusions: This study reveals that DEC strains contribute to the burden of children diarrheal diseases and EAEC is the 
most commonly identified DEC strain. The highest sensitivity E. coli  isolates was recorded for Cefotaxime 
(92%) .  
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Introduction : 

iarrheal disease is a major public health 

problem throughout the world, with over two 
million deaths occurring each year, affecting mostly 

children under 5 years of age in developing 

countries . (1,2). 

The etiological agents include a wide range of 

viruses, bacteria and parasites. Among bacterial 

pathogens, diarrhoeagenic Escherichia coli (DEC) 

are important agents of endemic and epidemic 

diarrhea worldwide (3).  

The DEC can be divided into several groups 

based on their distinct virulence determinants: 

enteropathogenic E. coli (EPEC), enterotoxigenic 

E. coli (ETEC), Shiga toxin-producing E. coli 
(STEC), enteroinvasive E. coli (EIEC) and 

enteroaggregative E. coli (EAEC) being the most 

important (4).   .  

Multiplex PCR allows fast and accurate 

detection of more than one virulence factor in a 

single PCR reaction, and it is a relatively new 

method that can simultaneously amplify template 

mixture and decrease the detection costs, con-

quering the weakness of single PCR detecting only 

one template once (5, 6 ) . 

  The aim of the study was to identify  different 
diarrheagenic (DEC) Escherichia coli pathotypes 

isolated  from 132 children with acute diarrhea 

under 5 years old and to determine the 

susceptibility of Escherichia coli isolates to some 

selective antibiotics.  

 

Patients  and methods : 

During the period from June 2014 to 

September 2014, samples were collected from 132 

outpatient children under five years age who had 

diarrhea defined as three or more loose, liquid, or 

watery stools or at least one bloody loose stool in 
24 h , admitted  at The Pediatrics Central Hospital 

in Baghdad city .                           

Information’s about age , types of diarrhea  and 

clinical symptoms (fever, vomiting and 

dehydration) were recorded for each diarrheal  child 

using a questionnaire. Samples were taken by using 

a swab transport system and transported to the 

Laboratory within 2 h of collection. 

D 
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The samples were inoculated into Mac-Conkey 

broth for enrichment at 37°C for 24 h, the 

enrichments were streaked on Mac-Conkey agar 

and incubated for 24 h at 37ºC. Pink, colored 

colonies isolates were sub cultured on Eosin 

Methelene Blue (EMB) agar. Colonies producing 
greenish metallic sheen on EMB agar were 

considered as having E. coli. In addition, various 

biochemical tests were done for the confirmation of 

E. coli . (7) . 

E. coli isolates were stored at -80°C in 

trypticase soy broth (TSB) supplemented with 20% 

glycerol for further procedures .  

          Multiplex PCR : The M-PCR was done 

in the laboratories of the Iraqi Biotechnology Co. in 

Baghdad. 

 DNA was extracted from selected pure 

cultures of bacteria that had been enriched at 37c° 
for 18 h in trypticase soy broth ,one ml of the broth 

was collected in an eppendorf  tube, centrifuged at 

15000 rpm for 5 min and the supernatant discarded, 

the cell pellets were resuspended in 500 µl of sterile 

deionized water and boiled for 10 min. The 

multiplex PCR was developed by combining five 

specific primer pairs for EPEC, STEC/ EHEC, 

ETEC, and EAEC virulence genes, as described in 

table (1) . Each multiplex reaction was performed in 

a 50 µl final volume containing 1 µl of the template 

DNA, 0.2 mM DNTPs, 10 mM Tris-HCl (pH8.8), 
1.5 mM MgCl2, 50 mM KCl, 2 U Taq DNA 

polymerase (Invitrogen), and 10 pmol of each 

primer (Biosynthesis). DNA templates from the 

stored E.coli isolates were submitted to multiplex 

PCR 

The thermo cycling conditions were as follows: 

an initial denaturation step of 94°C for 5 min, 94°C 

for 45 min,50°C for 1 min, and 2 min and 72°C for 

35 cycles, with a final elongation step of  9 min 

extension at 72°C. Amplified samples were 

evaluated by 1% agarose gel electrophoresis in 

Tris-borate- EDTA buffer( Pronadisa, Madrid, 

Spain) and stained with 2 µg of ethidium bromide 

(Sigma-Aldrich, Madrid, Spain) per ml and 

photographed under UV light . 
 

DEC detection : 

The eae-positive strains were tested by PCR 

for the presence of EAF plasmid, as described by 

(8). In all experiments, the prototype EPEC 

E2348/69, EAEC 042, ETEC H10407 (LT), ETEC 

C275/15 (ST), and EHEC O157:H7 strains were 

used as positive control, while E. coli K12 DH5α 

was the negative control.  

 

Antibiotics sensitivity test:  

The antibiotic susceptibility tests were 
performed as per method described by (9) to find 

out the antibiotic sensitivity of E. coli In vitro 

antibiotic sensitivity test of the E. coli isolates was 

conducted by paper disc diffusion method using the 

discs supplied by HiMedia Laboratories Pvt. Ltd., 

Mumbai (India). Antibiotics used in this test are 

Kanamycin (30µg), Ampicillin (10µg), 

Streptomycin (10µg), Amikacin (30µg), 

Cefotaxime (30µg), Oxytetracycline (30µg), 

Trimithoprime (5µg), Doxycycline Hydochloride 

(30µg), Ciprofloxacin (5µg), Chloramphenicol 
(30µg), Nalidixic Acid (30µg), Gentamicin (10µg), 

Levofloxacin 5µg) and Co-trimoxazole (20µg).  

 
Statistical analysis : 

The chi-square test was used to determine the 

statistical significance of the 

data. A value of p <0.05 indicated statistical 
significance.  

 

Table 1 :Sequence of PCR primers, sizes of amplified DNA fragments and concentration of multiplex PCR 

EPEC: Enteropathogenic E. coli; ETEC: Enterotoxigenic E. coli; STEC: Shiga toxin-producing E. coli; EAEC: 

Enteroaggregative E. coli. 

Gene Sequence (5’- 3’) ProductSize bp [pmol] Reference 

eae (EPEC) IntFC-CCGGAATTCGGGATCGATTACCGTCAT  
IntRC- CCAAGCTTTTATTTATCAGCCTTAATCTC  

820 100 (10) 

LT 696 20  

(ETEC) 

LTFW- GGCGACAGATTATACCGTGC 

 LTREV- CCGAATTCTGTTATATATGTC 

696 20 (11) 

ST  

(ETEC) 

STFW - TCCCTCAGGATGCTAAAC  

STREV - GCAACAGGTACATACGTT 

240 20 (12) 

Stx  

(STEC) 

StxUFW - GAACGAAATAATTTATATGT 

 StxUREV - TTTGATTGTTACAGTCAT 

500 75 (13) 

AA  

(EAEC) 

pCVD432FW- CTGGCGAAAGACTGTATCAT 

pCVD432REV-CAATGTATAGAAATCCGCTGTT 

630 20 (14) 
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Results:     

A total of 132 children with diarrhea were 

studied. Diarrheagenic E. coli was isolated from 

38.6% of the children with diarrhea (51 patients) .The 

frequency of each DEC pathotype is shown in table 

(2). 
The most frequently isolated was EAEC 

(35.3%),  followed by atypical EPEC (29.4%), ETEC 

(21.6%), and STEC (7.8%). Co-infections  (EPEC+ 

ETEC) (3.9%) and typical EPEC was detected only 

in one sample (2%), and it belonged to serotype 

O142:H34.Seven of ETEC strains were positive for 

the LT gene and three for the ST gene, while one 

strains possessed both genes encoded by est and elt 

genes, respectively. 
And three STEC strains that had eae gene 

identified by PCR belonged to serotypes O157:H7, 

O26:H11 and O111:H-, and no isolates of EIEC were 

detected ,as shown in figure (1) .

Table (2) 

Frequency of Escherichia coli pathotypes in children with diarrhea 

 

 

 

 

 
 

 

 

 

 

Co-i , Co-infection   ,     t- EPEC, typical EPEC  

       

Considering the different age groups, DEC 

pathogroups were detected in all of them there was 

no significant differences of frequency of DEC and 

age groups , but most cases (89%) occurred among 
children <2 years old. EAEC was mainly detected 

among children under the age of 1 year (61%) , 

EPEC in children aged younger than 2 years (87%) 

and ETEC in. children older than 1 year (64%) . 

Among children with diarrhea who were positive for 

DEC, 41/51  (80.4%) had watery diarrhea and 10/51 

(19.6%) had bloody diarrhea. Bloody diarrhea was 

more common in the EAEC than in the infections 

with the other DEC pathogroups  .  
Fever was the symptom most commonly 

reported in association with DEC, diarrhea (76.5%), 

followed by vomiting (19.5%) and dehydration (4%) 

as shown in table (3).    

 

Table(3) 

The relation between age variables and clinical characteristic with DEC pathogroups 

 

Age variables and 

clinical 

characteristic 

DEC Pathogroups 

EAEC 

n=18 

EPEC 

n=15 

ETEC 

n=11 

STEC 

n=4 

Co-infection 

n=2 

t-EPEC 

n=1  

Total 51 

Age in months  

1-12 

11(61%) 9(60%) 3 (27%) 0 0 0 23(45.1%) 

13-24 5(28%) 4(27%) 7(64%) 1(25%) 1(50%) 0 18(35.3%) 

25-59 2(11%) 2(13%) 1(9%) 3(75%) 1(50%) 1(100%) 10(19.6%) 

Diarrhea types 

watery 

14(78%) 12(80%) 9(82%) 3(75%) 2(100%) 1(100%) 41(80.4%) 

bloody 4(22%) 3(20%) 2(18%) 1(25%) 0 o 10(19.6%) 

Symptoms fever 16(89%) 10(66%) 7(64%) 3(75%) 2(100%) 1(100%) 39(76.5%) 

vomiting 2(11%) 4(27%) 3(27% 1(25%) 0 1(100%) 10(19.5%) 

dehydration 0 1(7%) 1(9%) 0 0 0 2(4%) 

 

E. coli pathotype Case patients (n = 51) (38.6%)  

EAEC 18(35.3%) 

EPEC  15(29.4 %) 

ETEC 11(21.6 %) 

STEC 4(7.8%) 

Co-i  EPEC+ ETEC 2(3.9%) 

t-EPEC 1(2%) 

Total 51 (100%) 
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Figure (1) 

Multiplex PCR results of some clinical samples 

M: 100bp DNA ladder; Lane1: Sample (No. 3) (eae 482 bp and PCVD 630bp), Lane 2: Sample (No.10) (eae 

482bp), Lane 3: Sample (No. 15) (PCVD 630bp), Lane 4: Sample (No. 2)(negative), Lane 5,6,7: Samples (No. 

19),(No.1) and (No.13) (eae 482bp), Lane 8:Sample (No. 20) (LT450bp), Lane 9 and 10: Samples (No. 6) and 

(No.18) (ST160bp), Lane 11: Sample (No. 33) (est 482bp and 32 elt4bp), Lane 12 and 13: Sample (No. 31) and 
Sample (No.43). (ST160bp). 

Antibiotic sensitivity test :

In present investigation among 51 E. coli isolates 

diarrheal children the highest sensitivity was 

recorded for Cefotaxime  (92%) followed by 

Ciprofloxacin  (90%) and Gentamicin (82%) . The 

highest resistance was observed against 

Oxytetracycline (84%) and Doxycycline 

hydochloride (80%) followed by Ampicillin (77%) 

and Co-trimoxazole (75%),as shown in table(4). 

 

Table (4) 

The antimicrobial sensitivity and resistance of E. coli isolates 

 
Antimicrobial agents 

E. coli n=51 

Sensitive 

 
intermediate 

 

Resistant 

Cefotaxime 47(92%) 2(4%) 2(4%) 

Ciprofloxacin 46(90%) 1(2%) 4(8%) 

Gentamicin 42(82%) 1(2%) 8(16%) 

Trimithoprime 36(71%) 2(4%) 13(25.5%) 

Nalidixic Acid 32(63%) 1(2%) 18(35%) 

Levofloxacin 28(55%) 1(2%) 22(43%) 

Streptomycin 22(43%) 2(4%) 27(53%) 

Amikacin 20(39%) 1(2%) 30(59%) 

Chloramphenicol 19(37%) 1(2%) 31(61%) 

Kanamycin 13(25.5%) 2(4%) 36(71%) 

Co-trimoxazole 10(20%) 3(6%) 38(75%) 

Ampicillin 9(18%) 3(6%) 39(77%) 

Deoxycycline hydrochloride 7(14%) 3(6%) 41(80%) 

Oxytetracycline 6(12%) 2(4%) 43(84%) 
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Discussion : 

Diarheagenic E .coli has been identified as an 

important cause of childhood diarrhea in all the 

developing countries ,but the incidence has varied 

greatly in different studies . The prevalence of DEC 

was significantly higher in children with diarrhea 
(38.6%) . Similar results have also been reported in 

southeastern and western Africa, like Mozambique 

and Nigeria . (15,16) . In Jordan DEC was (30%) in 

2003. In our study, EAEC was the most commonly 

detected DEC pathogroup in children (35.3%) , 

making it the most prevalent type of diarrheagenic E. 

coli and this was agreed with other recent studies 

from other Southeast Asian countries including India, 

Thailand and Vietnam. (17,18,19). EPEC was second 

highest frequently isolated (29.4 %)whereas the 

frequency of t-EPEC was very low (2%) and this was 

agreed with other studies in Egypt and Kuwait . ( 20 
). And this  showing a drastic decline in the 

frequency of typical EPEC with the frequency of 

atypical EPEC strains on the rise. 

Up to the 1990s, typical EPEC was the main 

cause of acute diarrhea in children younger than one 

year old, of low socio-economic status in developed 

countries.. (21). 

It is likely that the frequency of t- EPEC has 

been influenced by the recently improved public 

health measures, such as more efficient control of 

hospital infections and implementation of sanitary 
conditions..(22). 

The prevalence of ETEC was (21.6%) which 

agreed with  other previous studies, as the prevalence 

of ETEC was shown to be 20.7% in patients in 

Argentina and Nicaragua .( 23). While other 

investigators have seen the low prevalence of ETEC 

in children with diarrhea in Iran.(24). The prevalence 

of STEC was (7.8%)These data are similar to those 

reported in a previous study in Egypt (7.6%) . (25) . 

In previous studies STEC have been identified in 

sporadic cases of non-bloody diarrhea, particularly in 

young children .(26,27) . In other study isolated three 
O157:H7 strains from bloody diarrhea, and one case 

due to an O26:H11 strain has been recently described 

in Brazil . (28). Among non-O157 STEC, serotypes 

O111:NM, O111:H8, and O26:H11 have been 

identified as agents of infantile diarrhea in  

Hungarian children . (29).  

As another report studied eighteen strains of the 

O157:H7serotype isolated from bloody diarrhea in 

humans during different surveys conducted in Brazil, 

suggesting that this serotype is emerging in this 

country, These findings point to the need for more 
effective measures from our public health 

services.(30). 

The frequency of the DEC pathogroups with 

age and clinical features that were examined, DEC 

were observed in children of all ages under 5 with an 

increased occurrence in children aged 1–12 months 

and those 13–24 months  , as observed also in other 

study in Tunisia. (31).  
Bloody diarrhea was less common than watery 

diarrhea probably because the number of patients 

with STEC, which are commonly associated with 

bloody diarrhea, was low. Also the other clinical 

symptoms were, in general, similar regardless of the 

detected DEC pathogroup, as has been reported in 

other studies from Mombasa and Bangladesh.(32).  

In the present study most DEC strains isolated 

were resistant to Oxytetracycline (88 %) and 

Deoxycyclin (86%). Similar results reported in other 

studies indicate the universal resistance of DEC to 

these agents. Higher rates of resistance have been 
reported both in children and adults in recent 

years.(33,34). 

In the current study, some of the DEC isolates 

were multidrug resistant (MDR). The most resistance 

pattern was to Oxytetracycline/ 

Deoxycyclin/Ampicillin  . The incidence of diarrhea 

due to MDR E. coli has increased in developing 

countries in the last decade. Higher rates have been 

reported from 50 to 70% in recent years ,and the 

highest rate up to 75% have been reported from 

India. (35,36). 
Inappropriate use of antibiotics may be 

responsible for the antimicrobial resistance. Also, 

dissemination of transferable plasmids encoding 

multidrug resistance has been observed in the DEC 

isolates from diarrheal stools and surface waters. Use 

of surface waters for drinking or irrigation raises an 

important hazard for dissemination of MDR DEC in 

the developing countries. (37). In the present study 

high resistance was reported to Kanamycin (74.5 %), 

In contrast to other study which showed that E. coli 

157isolates were susceptible to Kanamycin . (38).  

 

Conclusions:  

This study reveals that DEC strains contribute 

to the burden of children diarrheal diseases and 

EAEC is the most commonly identified DEC strain.  

 

Recommendations:  

The indiscriminate use of antibiotics needs to 

be avoided and the guidelines for proper use of 

antibiotics for the treatment of diarrhea in many 

regions need to be established. and  further studies 

are needed to investigate the ecological, socio-
economic and epidemiological basis of this pathotype 
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