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Background: Acute gastroenteritis remains to be a major health problem 
in children causing high morbidity and mortalityIn India, diarrhoea is 
the third most common cause of death in children younger than 5 years 
of age, with an estimation of 300,000 deaths each year. Diarrheagenic 
Escherichia coli (DEC) being one of the important bacterial agents, the 
present hospital-based study was done to enlighten on the occurrence 
of different pathotypes and clinical features associated with DEC related 
diarrhoea.

Methods: The case-control study was carried out in SCB Medical College, 
Odisha from October 2014 to September 2016 on the childhood 
diarrhoea cases (≤ 14 years of age). Stool samples were collected 
and processed to isolate the causative bacterial agent by standard 
biochemical test, serotyping and multiplex PCR. 

Results: 350 cases and 100 controls were included in the study. The 
different pathotypes of DEC were isolated significantly more in cases 
than control group (P value = 0.0205) with an isolation rate of 7.4% in 
cases. 12 (46.2%) of DEC were in 0-1 year age group followed by 1-5 
year of age group i.e. 11 (42.3%) and least in 5-14 years of age group 
i.e. 3 (11.5%). The most common pathotype was Enterotoxigenic E. 
coli (ETEC) followed by Enteropathogenic E.coli (EPEC). Fever is the 
most common symptom associated with DEC diarrhoea; the other two 
common symptoms were watery diarrhoea and vomiting. Exclusive 
breastfeeding was the protective factor. Seasonal variation of DEC was 
found more among the cases in the rainy season.

Conclusion: Different pathotypes of DEC being associated commonly 
with childhood diarrhoea, the correct identification of various types 
of DEC along with the clinical knowledge is important to reduce the 
morbidity and mortality caused by it.

Keywords: DEC, Acute Gastroenteritis, Multiplex PCR, Exclusive 
Breastfeeding
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Introduction
Acute gastroenteritis continues to be one of the major 
health issues in children all over the world especially in 
developing countries and is responsible for high morbidity 
and mortality among children under 5 years of age.1 
Diarrheal diseases can cause infection in up to 2.5 billion 
people and are responsible for about 1.5 million deaths each 
year.2-4 In children < 5 years of age, 40% of the morbidity and 
30% of the mortality are attributed to diarrheal disease.3,5 
Diarrhoea is thte second most common cause of under 
5 mortality globally following respiratory illness.6 The 
incidence and aetiology of diarrhoea are influenced by a 
number of factors like climate, geographical area, time of 
the year, cultural and socio–economic status, poor water 
supply, hygienic standards. Besides these, the individual´s 
nutritional status, feeding habit, age and immunity play a 
special role.7 It acts as a major source of malnutrition and 
life-threatening complications.8,9 In India, diarrhoea is the 
third most common cause of death among children less 
than 5 years of age, with an estimation of 300,000 death 
each year.10 The three states Madhya Pradesh, Odisha and 
Tamil Nadu together constitute the highest percentage of 
children suffering from diarrhoea in India.11 A broad range 
of microorganisms such as viruses particularly Rotavirus, 
parasites and bacteria are associated with diarrhoea in 
children.3,12 In India, Rotavirus attributes to about 11.37 
million episodes of acute gastroenteritis (AGE) annually 
in children < 5 years of age.13 In 2011, it is estimated that 
rotavirus associated AGE caused 78,000 deaths among 
children in India and majority (75.6%) of them were among 
children less than 2 years.13 Two oral rotavirus vaccines, 
Rotarix (RV1; monovalent G1P;8 GlaxoSmithKline Biologicals, 
Belgium) and RotaTeq (RV5; pentavalent G1, G2, G3, G4, P, 
Merck Vaccines, NJ, USA) have been commercially available 
in India since 2006 to prevent rotavirus associated AGE.14,15 
In 2015, another indigenously developed vaccine named 
as the ROTAVAC vaccine (Bharat Biotech, India), containing 
the live 116E rotavirus strain (G9P),11 was introduced at a 
substantially lower price.13 In April 2016, the Government 
of India included the vaccine in the Universal Immunization 
Programme (UIP) in 4 states (Andhra Pradesh, Haryana, 
Himachal Pradesh, Odisha) with the subsequent inclusion 
of 5 more additional states by September 2017 (Rajasthan, 
Madhya Pradesh, Assam, Tripura, Tamil Nadu). With the 
implementation of this vaccine, there is a reduction in both 
mortality and morbidity in the paediatric age group due to 
Rotavirus associated AGE.16

Among the bacterial agents, diarrheagenic Escherichia 
coli are one of the most frequently detected pathogens 
worldwide.17,18 E. coli is also the predominant non-
pathogenic facultative anaerobic member of the human 
intestinal microflora and colonizes in the gastrointestinal 

tract of new-born within few hours just after birth and can 
be readily isolated from faecal samples.19 However, some 
E. coli strains have developed the ability to cause diseases 
of gastrointestinal, urinary and central nervous system in 
the human host.20,21 Diarrheagenic Escherichia coli (DEC) 
roughly accounts for 30-40% of acute episodes of diarrhoea 
in children < 5 years of age in developing countries22 and 
is also responsible for both sporadic cases and outbreaks 
of diarrhoea throughout the world.23 Diarrheagenic strains 
of E. coli are divided into 6 main categories on the basis 
of distinct epidemiological and clinical features, specific 
virulence determinants and association with certain 
serotypes.24,25 These include enteropathogenic E. coli (EPEC), 
enterotoxigenic E. coli (ETEC), enteroinvasive E. coli (EIEC), 
enterohaemorrhagic E. coli (EHEC) or Shiga-toxin producing 
E. coli (STEC), enteroaggregative E. coli (EAEC) and diffusely 
adherent E. coli (DAEC).25

Though different strains of DEC are responsible for a 
substantial proportion of childhood diarrhoea, due to 
lack of routine diagnostic procedure and paucity of 
epidemiological data lead to its misidentification.1 With 
the above background, the present hospital-based study is 
conducted to know the pathotypes of DEC diarrhoea and 
factors predisposing to the infection with DEC in children.

Materials and Methods
The study was a hospital-based prospective case-control 
study, with a duration of 2 years from October 2014 
to September 2016. It was conducted in SCB medical 
college and hospital. Children less than 14 years of age 
with diarrhoea, characterised by stools with decreased 
consistency and increased volume because of imbalance of 
secretion and absorption of water and salts in the intestine 
who attended the OPD and were admitted to the indoor 
Paediatric department of SCB were included as cases.26 
Samples from patients who received antibiotics before 
admission or during their hospital stay were excluded from 
the study. The control group included children who had not 
had diarrhoea in the preceding 2 weeks and they were also 
age-matched with that of case group children. Selection 
bias is overcome by taking controls from the same setting 
(same hospital) and by age matching. All cases admitted to 
the indoor paediatric ward are included. As many patients 
(children) are being referred here after receiving some 
first-hand treatment at other hospitals (which includes 
antibiotics), hence the children who have not received 
any antibiotic therapy were only included. Approval (IEC/
IRB No: 418/18.2.17) for the work was taken from the 
Institutional Ethical Committee.

Children of the same age group are taken as controls from 
the same hospital having other diseases during the same 
time period to eliminate the confounding factor of age. 
Children with diarrhoea, characterised by the occurrence of 
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3 or more loose, liquid or watery stools or at least 1 bloody 
stool in a 24 hour period were taken as cases. Samples 
from patients who received antibiotics before admission 
or during their hospital stay were excluded. Children who 
had not had diarrhoea in the preceding 2 weeks were 
taken as control population and were age-matched. After 
fulfilling the inclusion and exclusion criteria, simple random 
sampling method was used to get the cases.

Patient Work-up
After the selection of cases, a detailed history was obtained 
and different demographic data such as age, sex, clinical 
presentations, length of hospital stay and antibiotic history 
were obtained from patients or from their guardians. Stool 
samples were collected in the universal container after 
getting consent and were processed for the identification 
of the etiological agent.

Microbiological Work-up
On the first day, wet mount was performed to screen for the 
presence of leucocytes, RBC, ova and cysts of parasites. The 
rest of the stool samples from both cases and controls were 
inoculated in suitable growth media to isolate and identify 
the bacterial isolates.27 A single pure colony was isolated 
from different selective media such as MacConkey agar, 

DCA agar and TCBS agar etc. after overnight incubation at 
37 °C & grown and subsequently subjected to the standard 
biochemical and serological tests for the identification 
bacteria causing diarrhoea.27 The E. coli isolated from 
samples were subjected to serotyping methods (using 
Denka Seiken Co; Ltd., Tokyo, Japan antisera) and multiplex 
PCR for the identification of different pathotypes of DEC 
(Table 1).28

Statistical Data Analysis
The statistical analysis was done by using Chi-square table 
and SPSS 19 software. The p value of less than 0.05 was 
considered as significant. For all the statistical analyses, 
PCR was considered as gold standard method.

Results
Out of 350 cases, bacterial and parasitic cysts and ova are 
detected in 270 (77.1%) samples, of these bacterial isolates, 
245 (70%) were E. coli, 3 (0.8%) Vibrio cholerae and 2 (0.6%) 
were Shigella species. Among the parasitic pathogens, cysts 
of Giardia lamblia were detected in 10 (2.9%) and ova of 
Ancyclostoma duodenale and Ascaris lumbricoides were 
detected in 6 (1.7%) and 4 (1.1%) respectively. Out of 100 
controls E. coli. was isolated in 30 (30%) cases only (Table 2).

Table 1.List of PCR Primer Used in the Study

S. No. DEC Gene              Sequence (5’-3’) Amplicon Size Annealing Temperature (°C)

1. ETEC Est GCTAAACCAGTAG/AGGTCTTCAAAA
CCCGGTACAG/AGCAGGATTACAACA 147 57

2. ETEC Elt CACACGGAGCTCCTCAGTC
CCCCCAGCCTAGCTTAGTTT 508 57°

3. EPEC Eae CCCGAATTCGGCACAAGCATAAGC
CCCGGATCCGTCTCGCCAGTATTCG 881 57

4. EPEC bfpA GGAAGTCAAATTCATGGGGG
GGAATCAGACGCAGACTGGT 367 57

5. EHEC stx1 CAACACTGGATGATCTCAG
CCCCCTCAACTGCTAATA 350 57

6. EHEC Stx2 ATCAGTCGTCACTCACTGGT
CTGCTGTCACAGTGACAAA 110 57

7. EAEC East CACAGTATATCCGAAGGC
CGAGTGACGGCTTTGTAG 94 53

8. EIEC ipaH CTCGGCACGTTTTAATAGTCTGG
GTGGAGAGCTGAAGTTTCTCTGC 933 55

9. EIEC vtrF AGCTCAGGCAATGAAACTTTGAC
TGGGCTTGATATTCCGATAAGTC 618 55

10. DAEC daaE GAACGTTGGTTAATGTGGGGTAA
TATTCACCGGTCGGTTATCAGT 542 55
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Of the 350 cases, 245 (70%) were E. coli were isolated, from 
which diarrheagenic E. coli were identified in 26 (7.4%) cases 
by one or more of the laboratory test methods (Phenoytypic 
methods like serology and genotypic method like PCR). 
Similarly, in the control group (100), E. coli were isolated 
in 30 cases, where diarrheagenic E. coli was identified in 
one only. On comparison of the results between cases and 
control, the occurrence of DEC was found to be statistically 
significant in cases (p value = 0.0205) (Table 3).

Maximum number of DEC i.e. 12 (46.2%) were distributed 

in 0-1 year age group followed by 1-5 year of age group 
i.e. 11 (42.3%) and least in the 5-14 years of age group i.e. 
3 (11.5%). Male and female distribution of DEC were 18 
(69.2%) and 8 (30.8%), respectively (Table 4).

Out of 26 DEC from cases, ETEC was found to be highest 
in number i.e. 14 (53.8%) followed by EPEC and EHEC i.e. 
10 (38.5%) and 2 (7.7%) respectively. No isolate was found 
to be EAEC, EIEC and DAEC pathotypes. From the control 
group, only one diarrheagenic strain was found to be ETEC 
type (Table 5).

Table 2.Distribution of Different Enteric Pathogens in Cases and Controls

Pathogen Isolated Cases (N = 350) n (%) Controls (N = 100) n (%)
Escherichia coli 245 (70) 30 (30)
Vibrio cholera 3 (0.8) 0 (0)
Shigella Spp. 2 (0.6) 0 (0)

Cyst of Giardia lamblia 10 (2.9) 0 (0)
Ova of Ancyclostoma duodenale 6 (1.7) 0 (0)

Ova of Ascaris lumbricoides 4 (1.1) 0 (0)
Total 270 (77.1 ) 30 (30)

Table 3.Distribution of Diarrheagenic Escherichia Coli (DEC)

Cases n (%) Controls n (%) Significance
PCR +ve 26 (10.6) 1 (3.3)

Chi square = 1.599
P value = 0.0205PCR –ve 219 (89.4) 29 (96.7)

Total 245 (100) 30 (100)

Table 4.Age and Gender Wise Distribution of DEC in Cases (N = 26)

Age (in years) Male Female Total n (%)

0-1 7 5 12 (46.2)

1-5 9 2 11 (42.3)

5-14 2 1 3 (11.5)

Total 18 (69.2%) 8 (30.8%) 26 (100)

Table 5.Distribution of Different Pathotypes of DEC

S. 
No.

Presence of virulence 
gene (either singly or in 

combination)

Interpretation  of 
specific DEC pathotype

Number of isolates in 
cases (N = 26)

 n (%)

Number of isolates in 
controls (N = 1) 

n (%)
1. est and elt ETEC 14 (53.8) 1 (100)
2. eae, bfpA EPEC 10 (38.5) 0 (0)
3. stx1 and stx2 EHEC 2 (7.7) 0 (0)
4. east EAEC 0 (0) 0 (0)

5. IpaH and vtrF EIEC 0 (0) 0 (0)

6. daaE DAEC 0 (0) 0 (0)

Total 26 (100) 1 (100)
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The most common associated symptoms in cases with DEC 
was fever i.e. 20 (76.9%) followed by watery diarrhoea in 
19 (73.1%) and vomiting in 18 (69.2%). EPEC pathotype 
was commonly associated with fever (9/10) and ETEC was 
associated with vomiting and watery diarrhoea i.e. 9/14 
and 11/14 respectively. Maximum numbers of cases i.e. 
14 (53.8%) with DEC were on a solid diet and the rest i.e. 
12 (46.2%) were on a combination of formula feed and 
breastfeed. Diarrheagenic E. coli strains were not isolated 
from cases that were exclusively breastfed (Table 6).

year and remains 2nd only following respiratory diseases 
to cause under 5 mortality.4,6 In India, diarrhoea is the 
third most common cause of childhood mortality and 
is responsible for 13% of all deaths/year in children 
younger than 5 years old.30 In developing countries, due 
to breaches in safe water supply and poor hygiene, E. coli 
is the most common cause of diarrhoea among children 
living in these areas, the other most common causative 
agents being Rotavirus; whereas in developed countries 
Campylobacter spp. is responsible for a majority of the 
cases of diarrhoea.31 Diarrheagenic E. coli (DEC) cause a 
wide variety of gastrointestinal diseases, particularly among 
children in developing countries, resulting in significant 
morbidity and mortality.32 This prospective case-control 
study was conducted from October 2014 to September 2016 
to identify the different pathotypes of DEC in paediatric 
group, and factors affecting the incidence of diarrhoea due 
to different types of diarrheagenic E. coli.

In the present study out of the 350 stool samples from 
diarrheal cases, bacterial isolates and parasitic cysts and 
ova are detected in 277 (77.1%). Of these 245 (70%) were 
E. coli, 3 (0.8%) V. cholerae and 2 (0.6%) were Shigella 
species. Among the parasitic pathogens, cysts of Giardia 
lamblia were detected in 10 (2.9%) and ova of Ancyclostoma 
duodenale and Ascaris lumbricoides in 6 (1.7%) and 4 (1.1%) 
cases respectively. Out of 100 controls, E. coli was isolated 
in 30% of cases and other bacterial pathogens, parasitic 
cysts or ova were not observed (Table 1). The result is well 
correlated with other studies.33,34

Out of 350 cases of diarrhoea in the present study, 26 (7.4%) 

Table 6.Frequency of Common Associated Signs and Symptoms and Risk Factors with DEC Positive Cases

C/F ETEC (14)
No (%) of Diarrheagenic E. coli Pathotype

EPEC (10) EHEC (2) EIEC EAEC DAEC
Vomiting 9 8 1 - - -

Fever 10 9 1 - - -
Abdominal pain 5 5 2 - - -

Type of diarrhoea Watery 11 7 1 - - -
Mucoid 2 3 0 - - -

Bloody 1 0 1 - - -

Level of 
dehydration

Severe 10 5 0 - - -
Some 3 2 1 - - -

No 2 2 1 - - -

Feeding habit

Exclusive 
breastfeeding (EB) 0 0 0 - - -

Breastfeeding + 
Formula fed (B, F) 4 7 1 - - -

Solid food (S) 10 3 1 - - -

Table 7.Seasonal Distribution of Isolated 
Diarrheagenic E. coli

Season Cases with Diarrheagenic 
E. coli (N = 26) n (%)

July-October (Rainy) 18 (69.2)

November-February 
(Winter) 2 (7.7)

March-June (Summer) 6 (23.1)

Diarrheagenic E. coli were more common i.e. 18 (69.2%) 
during the rainy season and least common i.e. 2 (7.7%) 
during the winter season (Table 7).

Discussion
Diarrhoea is a global health problem, but is especially 
prevalent in developing countries due to poor environmental 
sanitation, inadequate water supplies, poverty and lack 
of health education.29 It causes 1.5 million deaths every 
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cases were diagnosed to be associated with diarrheagenic 
Escherichia coli and 1 (1%) diarrheagenic Escherichia coli 
was isolated from the control group of 100. Our result is well 
correlated with the study of Chomvarin C, et al. who also 
reported an isolation rate of 7.9% of DEC from diarrhoeal 
cases. However, Dutta S, et al., Hegde A et al. and Allam A 
et al. reported a higher prevalence of DEC i.e. 11.8%, 26% 
and 24.4% in cases and 2.3%, 8% and 3.3% in controls 
respectively.34-38 The results of the cases, when compared 
to control was found to be statistically significant (p value 
= 0.0205) and in concordance with other studies.34,38 This 
difference in isolation rate of diarrheagenic E. coli may be 
due to the fact that the prevalence of DEC varies around the 
world from region to region and even between countries.    

In our study, diarrheagenic E. coli were more common in 
males i.e. 18 (69.2%) as compared to females (8, 30.8%) 
which is in accordance with the study previously done by 
others.39,40 The age distributions of diarrheagenic E. coli 
among the diarrheal children were observed varyingly in 
the three age groups in the present study. Maximum DEC 
pathotypes i.e. 12 (46.2%) were detected in the 0-1 year 
of age groups followed by 1-5 years of age group i.e. 11 
(42.3%) and least i.e. 3 (11.5%) in 5-14 years of age group. 
The age distribution of different DEC pathotypes is similar 
to the study by Ifeanyi C, et al., who reported 51.6% of 
diarrheagenic E. coli belonged to the age group of 0-1 year 
and the rest 49.4% belonged to more than 1 year of age 
group. However, Dutta S, et al. in their study found that 
the maximum number of DEC i.e. 45.6% belonged to < 2 
years of age followed by 5-14 years age group and 2-5 years 
of age group.35,41 The difference in the inclusion criteria of 
study population in different studies may contribute to the 
difference in the distribution of various pathotypes of DEC.

Three pathotypes of DEC (ETEC, EPEC and EHEC) were 
detected in children with diarrhoea by multiplex PCR 
in the present study. The most prevalent pathotype of 
diarrheagenic E. coli isolated was ETEC (53.8%) which is 
similar to the result of the study done by Allam AA, et 
al. and Suganya D, et. al. who reported ETEC as the most 
common pathotype.38,42 The result of the present study 
differs from the studies done by Hegde A et al. Moshtagian 
F, et al., Dutta S, et al. who reported that EAEC (50%), EPEC 
(63.2%) and EAEC (48.7%) respectively as the commonest 
pathotype.36,37,43 In this study, we did not detect any EAEC, 
EIEC or DAEC strain from cases. In the control group, only 
1 DEC was isolated which was identified as ETEC type. 
The variation in the detection rates of the different DEC 
pathotypes, reported in present and previously mentioned 
studies can be attributed to several factors like geographical 
locations, social status, dietary behaviour, housing, and 
quality of sanitation.

The DEC positive diarrhoeal cases in the current study 

showed fever (76.9%) to be the commonest symptom 
followed by watery diarrhoea (73.1%) and vomiting (69.2%). 
Audu R et al. also observed fever as the commonest 
symptom (68%) followed by vomiting (60%) in cases 
with DEC.44 On comparison of different pathotypes with 
particular associated symptoms in our study, it was found 
that the EPEC pathotype was commonly associated with 
fever (9 out of 10) and vomiting and watery diarrhoea was 
commonly associated with ETEC type (9 out of 14 and 11 
out of 14 respectively) which accounts for a severe degree 
of dehydration (10 out of 14). Dutta S, et al. reported the 
association of EPEC and ETEC type with vomiting, watery 
diarrhoea and severe dehydration.35 Out of the 2 EHEC 
isolates in our study, one was from a case, who had non-
bloody stool. This occurrence further stresses on the fact 
that non-bloody diarrhoea does not rule out EHEC infection. 
Maximum number 14 (53.8%) of DEC were isolated from 
cases on solid food habit followed by 12 (46.2%) cases who 
were on a combination of formula feed and breastfeeding, 
which is similar to the study by Ifeanyi C, et al. who reported 
that DEC infection was highest in children fed with solid 
food (64.1%) followed by those on a combination of breast 
milk and formula feed (34.3%).41 No DEC was isolated from 
exclusively breastfed children in our study. It may be due to 
the fact that breastfeeding has been observed to protect 
the infant from the morbidity and mortality of diarrhoea 
in the first few months of life and when given exclusively, 
it offers the greatest protection.45

This study showed diarrheagenic E. coli were more 
commonly i.e. 18(69.2%) isolated in the rainy season 
followed by summer i.e. 6 (23.1%) and least i.e. 2 (7.7%) 
in winter. This result is similar to the study done by Samal 
SK, et al. and Faruque AS, et al.46,47 But the result differs 
from the study by Dutta S, et al. who reported that DEC-
mediated diarrhoea is not specific to any season and is 
found throughout the year. Moyo JS, et al. in their study 
in Tanzania showed that 64.1% of DEC cases were isolated 
during the summer season.35,48 These variations in the 
isolation rate of DEC in different seasons reported by 
various authors may be due to the fact that environmental 
parameters such as temperature and humidity within a 
specific geographical region are the important factors 
associated with seasonal variations.

Limitations of the Study
It is a tertiary care hospital-based study, so at the time 
of admission, many of the patients had already received 
antibiotics which could have modified the underlying original 
symptoms, which is a limitation of our study. Another 
limitation of the present study is that some confounding 
factors like different parameters of nutritional level, Vit. 
A level and immunisation status could not be assessed/ 
estimated because of limited resources.
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If it were a community-based study, more samples from 
the symptomatic group could have been included in the 
study; which could have reflected the real prevalence of 
diarrheagenic E. coli.

Conclusion
This study concludes that proper knowledge of the aetiology 
of childhood diarrhoea could help in the initiation of 
correct management protocol and reduce the morbidity 
related to diarrhoea. It emphasises the implementation 
of proper history taking, collection of demographic data, 
data regarding dietary habits and inclusion of identification 
of diarrheagenic E. coli in routine diagnostic procedures, 
particularly in paediatric diarrh0eal cases as DEC are the 
most common bacterial agents associated with childhood 
diarrhoea. It also emphasises encouraging exclusive 
breastfeeding as it has proven to have a protective role in 
preventing DEC related diarrhoea in infants.

Research may be taken up in large community based 
geographical areas to corroborate these findings and 
preventive measures including a new vaccine against DEC 
may be the need of the hour.
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