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Abstract

Enteropathogenic Escherichia coli (EPEC) is a major cause of diarrhea in children below 5 years of
age in the developing countries. The present study investigated the role of EPEC in childhood
diarrhea among the patients attending a university hospital in north-eastern peninsular Malaysia by
serotyping and cell adhesion assay using HEp-2 and HeLa cells. A total of 60 stools or rectal swabs
from watery diarrhea cases and 16 age matched healthy controls were examined. EPEC were
isolated from 14 (23.3%) diarrhea cases and from 1 (9.1%) control by serotyping. Of the 14 EPEC
strains, the predominant strain was 0125: K70 (28.5%). Cell adhesion assay detected 26.6% and
30.0% adherent Escherichia coli (E. coli) in diarrhea cases by HEp-2 and HeLa system respectively.
Three adherence patterns were noted namely localized, diffuse and aggregative patterns. About 81-
88% of isolated E. coli exhibited diffuse adherence pattern by HEp-2 and HeLa cell assay respectively.
About 43-44% E. coli exhibiting positive cell adherence phenotype with HEp-2 and HeLa cell
assays tested negative with EPEC antisera. The findings indicate that EPEC is an important cause
of childhood diarrhea in north-eastern peninsular Malaysia and cell adhesion assay is more sensitive
than serotyping for detection of diarrheogenic E. coli.
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Introduction

Enteropathogenic Escherichia coli (EPEC) is a leading
cause of acute diarrhea among children in developing
countries. It accounts for about 7-23% of all diarrhea
pathogens.1-4 EPEC attaches to the brush border of the
mucous membrane of the small intestine in a
characteristic manner, producing ultra structural
changes known as attachment effacement (AE) lesions.5

The AE lesion is mediated by intimate attachment of
bacteria to the apical enterocyte causing localized
destruction of brush border microvilli and perhaps
thereby mediating increased secretion.3 The laboratory
counterpart of muscosal colonization is adherence of
EPEC to cells such as HEp-2 and HeLa cells. E. coli
exhibiting localized adherence (LA), diffuse adherence

(DA), aggregative adherence (AA) and localized
adherence-like (LAL) patterns with HEp-2 or HeLa
cells has been implicated as diarrhreal pathogens.6,7

Among the three phenotypes, LA is highly correlated
with classic EPEC serotypes. However, studies have
demonstrated that E. coli exhibiting DA pattern should
be considered enteropathogenic as 38.2% of isolated
E. coli from diarrhea cases exhibited DA in HEp-2
cell compared to 8-9% of controls.2 Fluorescence actin
staining (FAS) test was reported for the identification
of E. coli causing the AE lesion.8 Recently, it has
been shown that cortactin is necessary for organizing
actin pedestals in response to EPEC in HeLa cells.9



To date, no information is available on the prevalence
of EPEC and its different phenotypes in childhood
diarrhea among the children of north-eastern peninsular
Malaysia. In view of the above, this study was
undertaken to find out the role of diarrheogenic E.
coli in acute diarrhea among children below 5 years
of age attending Hospital University Sains Malaysia
(HUSM) at Kota Bharu, Kelantan – a town located in
north-eastern peninsular Malaysia.

Materials and Methods
Study population

Stools or rectal swabs were obtained from children
below 5 years of age attending HUSM with acute
diarrhea. HUSM is located in Kota Bharu, Kelantan,
the northeastern state of Malaysia. Acute diarrhea
was defined as four or more loose stools a day, with or
without abdominal pain and fever for at least one day.
The duration of the episode should be less than ten
days.10 Age matched healthy children without history
of diarrhea one month prior to the date of enrollment
in the study was included as control.

Microbiological methods

All the rectal swabs or fecal samples were plated on
MacConkey agar, SS agar and TCBS media and
incubated over night at 370C. Randomly five suspected
colonies of E. coli were picked up and sub cultured
separately on MacConky agar media and identified by
standard biochemical test.11 All isolated E. coli strains
were stored separately in nutrient agar slant at 40C
until used for cell assay and serotyping. Attempts were
made to identify other enteropathogens namely,
Shigella, Salmonella, Vibrio cholerae and rotavirus.

In the present study, HEp-2 and HeLa cell lines were
used for determining adherence pattern of isolated E.
coli. Cell adhesion assay was performed as described
by Nataro et al.5 Slide agglutination test was carried
out with EPEC polyvalent antisera 2,3 and 4 (Murex,
UK) according to the manufacturer’s instruction for O
and K antigens. E. coli strain positive by polyvalent
antisera was tested with monovalent antisera to identify
the specific EPEC serotype.

Result

In this study, 60 stool samples or rectal swabs were
collected from children with acute diarrhea while 16

samples were taken from age matched healthy children
without diarrhea as control. Out of 60 diarrhea cases,
36 (60%) were below 2 years of age. EPEC serotype
was isolated from 14 (23.3%) diarrhea cases by
serotyping (Table 1). Nine different serotypes of EPEC
were isolated and the most prevalent strain was
0125:K70 by serotyping (28.57%). Only one EPEC
(6.25%) was isolated from healthy control children.

Table 2 shows the results of HeLa and HEp-2 cell
adhesion assay of E. coli isolated from diarrhea and
control cases. Out of 60 diarrhea cases, 30.0% and
26.6% showed one or other adherence pattern with
HeLa and HEp-2 cells assay respectively. The
comparative figures for the control were only 12.5%
and 6.25% respectively. Diffuse adherence (DA)
pattern was predominant in both HeLa and HEp-2 cell

Table-1: Rate of isolation of EPEC from diarrhea cases
(n=60) by serotyping

Polyvalent Total  No. Monovalent No.
antisera positive (%) antisera positive

Polyvalent 2 5 (8.3) 0126:K60(B6) 1
0111:K58(B5) 1

O119:K69(B14) 1
O126:K71(B16) 2

Polyvalent 3 6 (10.0) O86:K61(B7) 1
O125:K70(B15) 4 (28.5%)*
O128:K67(B12) 1

Polyvalent 4 3 (5.0) O44:K74(L) 1
O124:K72(B17) 2

Total 14 (23.3)

Note: Only one EPEC was detected out of 16 control subjects
(6.25%) by EPEC antisera (Polyvalent 4)
* Out of 14 serotype positive EPEC

Table-2: Results of HeLa and HEp-2 cell adhesion assay
of E. coli isolated from diarrheal and control cases

Adherence Diarrhea cases(n=60) Health Control(n=16)
Pattern No.positive No.positive No.positive No.positive

in HEp-2 in HeLa in HEp-2 in HeLa
cells (%) cells (%) cells (%) cells (%)

Diffuse 13 (21.66) 16 (26.66) 0 2
adherence

Localized 1 (1.66) 1 (1.66) 0 0
adherence

Aggregative 2 (3.33) 1 (1.66) 1 0
adherence

Total 16 (26.66) 18 (30.0) 1 (6.25) 2 (12.5)
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assay systems. Out of total strains positive by cell
adherence assay, 81.25% and 88.88% exhibited DA
pattern by HEp-2 and HeLa cell respectively.

Table 3 shows that about 44.0% of E. coli that was
positive in cell adherence assay was negative by EPEC
antisera. The single EPEC isolated from control case
did not show any adherence pattern with HeLa or HEp-
2 cells assay.

Discussion

Serotype positive and cell adherent E.coli were isolated
in significantly (p<0.05) higher number from diarrhea
cases compared to the control by serotyping and cell
adhesion assays respectively. It implicated that EPEC
was an important cause of diarrhea in children in
Kelantan area. The predominant EPEC serotype was
0125:K70 (28.5%). Amongst the EPEC serotypes, over
81-88% exhibited DA pattern of adherence with HEp-
2 or HeLa cell. The only E. coli that showed LA
pattern in both HEp-2 and HeLa cell assay was found
negative by EPEC antisera. Similar predominance of
DA pattern of adherence (38.2%) of isolated E. coli
has been reported in diarrhea cases from France.2 This
finding indicated that EPEC strains that exhibited DA
pattern on Hep-2 or HeLa cells should be considered
as a potential pathogen. Recently, diarrheogenic E.coli
has been defined as typical and atypical EPEC.12

Atypical EPEC exhibits DA and AA pattern while
typical EPEC shows only LA pattern.13 So it appears
that almost our entire adherence positive E. coli
belonged to atypical EPEC group. However, in Chile
and Brazil, LA pattern was found significantly more
often in diarrhea cases.14,15 It appears that there are
geographical variations in the distribution of
diarrheogenic E. coli strains.

About 44% serotype negative E. coli showed positive
adherence on HEp-2 and HeLa cell assays. The cases
that were positive by cell adhesion assays but negative
by serotyping had watery diarrhea. This finding
indicated that serotyping was not sensitive enough to
detect all potential EPEC strains. Therefore, cell
adhesion assay could be a more sensitive test for
detection of EPEC. But, some isolates, which were
positive by serotyping, did not show positive result by
cell adhesion assays (Table 3). This discrepancy could
not be well understood. It was possible that those
serotype positive EPEC had other pathogenic
mechanisms for inducing diarrhea.

The present study has indicated that diarrheogenic E.
coli is an important cause of childhood diarrhea in
northeastern peninsular Malaysia. Majority of isolated
EPEC belonged to atypical group as determined by
cell adhesion assays. Though, detection of EPEC by
serotyping using specific antisera is convenient and
quick, cell adhesion assay could be more sensitive
than serotyping for detection of diarrheogenic E. coli.
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