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Abstract

Background: To analyse the trends in the prevalence of different pathogroups of diarrheagenic Escherichia coli (DEC)
among hospitalized acute diarrheal patients.

Methodology/Principal Findings: From the active surveillance of diarrheal disease at the Infectious Diseases Hospital,
Kolkata, 3826 stool specimens collected during 2008-2011 were screened for DEC and other enteric pathogens. PCR was
used in the detection of enterotoxigenic, enteropathogenic and enteroaggregative E. coli and 10 major colonization factor
antigens (CFs) of enterotoxigenic E. coli. The relationship between DEC infected patient’s age group and clinical symptoms
were also investigated. Multiplex PCR assay showed that the prevalence of EAEC was most common (5.7%) followed by
ETEC (4.2%) and EPEC (1.8%). In diarrheal children >2 year of age, EAEC and EPEC were detected significantly (p =0.000 and
0.007, respectively). In children >2 to 5 and >5 to 14 years, ETEC was significantly associated with diarrhea (p =0.000 each).
EAEC was significantly associated with diarrheal patients with age groups >14 to 30 and >30 to 50 years (p=0.001, and
p=0.009, respectively). Clinical symptoms such as vomiting, abdominal pain, watery diarrhea, were recorded in patients
infected with ETEC. Dehydration status was severe among patients infected by ST-ETEC (19%) and EPEC (15%). CS6 was
frequently detected (37%) among ETEC.

Conclusions/Significance: Hospital based surveillance reviled that specific pathogroups of DEC are important to certain age
groups and among ETEC, CS6 was predominant.
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ETEC has two major virulence associated factors, the heat-
stable (ST) and/or heat-labile (LT) enterotoxins, and several
antigenic fimbriae known as colonization factors (CFs) [4]. EPEC
generates attaching and effacing (AE) lesions and harbor eae,
encoding the structural gene for intimin, which is located the locus
for enterocyte effacement [5]. EPEC is classified into typical
(tEPEC) and atypical (aEPEC) strains based on the presence of the
plasmid E. coli adherence factor (EAF). EAEC is associated with
persistent diarrhea in children and has the ability to adhere to Hp2
cell line in a stacked brick configuration termed aggregative
adherence (AA). The AA phenotype is associated with specific
fimbriae (AAFSs) encoded by plasmids (pAAs) [6]. A cryptic

Introduction

Diarrhea and other related gastrointestinal disorders are the
most important causes of illness and death, particularly among
infants and young children from developing countries [1]. Of the
4.879 million global deaths of children below 5 years of age due to
infectious diseases, diarrhea alone has caused 0.801 million deaths
in 2010. During the same period, diarrheal deaths in India were
0.212 million [1]. Diarrhea can be caused by bacterial, viral and
parasitic pathogens. FEscherichia coli is one of the members of the
family Enterobacteriaceae, which resides as a commensal flora in
the intestinal lumen of animals and humans. Among children

below five years of age, diarrheagenic E. coli (DEC) such as
enterotoxigenic F. coli (ETEC), enteropathogenic F. coli (EPEC),
enteroaggregative F. coli (EAEC) are the most important enteric
pathogens and are responsible for 30 to 40% of all the diarrheal
episodes in developing countries [2,3].
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sequence known as GVD432 in the pAA has been used as an
EAEC molecular marker in several epidemiological studies [7].
The pAA carries a transcription activator encoding gene aggR,
which is designated as a major EAEC virulence regulator. The
EAEC strains that harbor the AggR regulon are the true or typical
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EAEC [8]. AggR initiates the expression of chromosomally located
contiguous genes including the aa: that encodes for AggR-activated
Island [9].

In this study, we investigated the prevalence of DEC and the
types of CFs in ETEC from acute diarrheal patients admitted at
the Infectious Diseases Hospital (IDH), Kolkata using culture and
PCR assays. We also analysed the distribution of DEC among
different age groups and sole infections status to understand its
nature of infection with respective to the clinical outcome of the
patients.

Methods

Clinical Specimens

From January 2008 to December 2011, 3826 stool specimens
collected from acute diarrheal patients hospitalized at the IDH
were tested in this study. The enrolled patients belonging to any
age group/sex represent every fifth hospitalised case with diarrhea
on two randomly selected days in a week. Passage of three or more
loose stools in 24 hrs, with or without clinical symptoms of an
enteric ailment (nausea, vomiting, abdominal pain or cramps,
dehydration, fecal urgency, or dysentery), was considered as
diarrhea. Stool specimens were collected using sterile catheters in
McCartney bottles and examined for its consistency and other
characteristics including the presence of blood/mucus. These
specimens were examined within 2 hrs in the laboratory for
common enteric pathogens using the published methods [10,11].

Isolation and Identification of DEC

For isolation of FE. coli, stool specimens were plated on
MacConkey (Difco, Sparks Glencoe, MD, USA) followed by
incubation for 16-18 hrs at 37°C. Three typical lactose ferment-
ing pink colour colonies per sample were selected and subcultured
in Luria Bertani agar (LBA, Difco) plates. Cultures from this non-
selective medium were tested for indole-production by scraping
a small portion of culture on a sterile cotton swab and dropping of
the Kovacs reagent. Change of this swab tips to pink colour was
recorded positive and further tested in triple sugar iron agar for
typical . coli biochemical reactions.

Detection of DEC Virulence Genes by PCR

Preparation of DNA Templates for PCR

A small portion of indole positive bacterial growth was taken
from each of the three colonies plated on LBA plates and mixed
with 500 pl of phosphate-buffer saline in 1.5 ml microfuge tubes
and boiled for 10 min in a water bath followed by snap chilling in
ice for 5 min. The heat-treated bacterial suspensions were
centrifuged at 10,000 rpm for 5 min to pellet down the cell debris
and the supernatants were used as DNA templates in the PCR.

Multiplex PCR Assay

The DNA templates were subjected to multiplex PCR with
specific primers for the detection of virulence marker genes such as
eae, bfpA (structural genes of EPEC), eltB and estd (enterotoxin
genes of ETEC), CVD432 (the nucleotide sequence of the EcoRI-
Pstl DNA fragment of pCVD432 of EAEC) [11,12] and aa:iC
(encodes a secreted protein of the EAEC pathogenicity island AAI,
which is co-ordinately regulated by the AggR activator). The
ETEC positive strains were also screened for the 10 major CFs as
described previously [13].

PCRs was performed with a 20-pl reaction mixture containing
3 ul of template DNA, 2.5 ul of 10x PCR buffer II, 2 ul of
a 1.25 mM mixture of deoxynucleoside triphosphates, 0.25 ul of
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5 U of Tag-polymerase per pl (New England Biolabs, USA), and
a 20 mM of each primer (Sigma, Bangalore, India). The cycling
conditions in a GeneAmp PCR system 9700 (AB Applied
Biosystem) were as follows: 96°C for 4 min, 95°C for 20 sec,
57°C for 20 sec, and 72°C for 1 min in 35 cycles, with a final 7-
min extension at 72°C. PCR products (10 pl) were confirmed by
electrophoresis using a 2% (wt/vol) agarose gel (Sigma). The DNA
bands were visualized and photographed under UV light after the
gel was stained with ethidium bromide.

In this study, we adopted the published protocols for the
detection of other enteric pathogens including the enteric viruses
[10,11].

Statistical Analysis

The age of the patients were classified into 4 categories viz., the
all age groups, <2, >2-5, >5-14 and >14 years. The categorized
DEC was compared with each age group along with other
pathogens detected in this study. Fisher’s exact test was performed
to establish mutual relatedness among the three types of DEC
pathogroups. P values of <0.05 were considered as statistically
significant and calculated the odds ratio (OR) and the 95%
confidence interval (95% CI).

Ethics Statement

Ethical approval was obtained from the National Institute of
Cholera and Enteric Diseases Ethics Committee (Ref.C-4/2012-
T&E), and each participant/parent in the case of children gave
written informed consent.

Results

During 2008-2011, 3826 patients admitted at the IDH for the
treatment of diarrhea were enrolled in this study. Considering the
selection strategy, this figure represents a total of more than 19,000
diarrheal patients who received treatment after hospitalization.
DEC was detected in 11.8% (452/3826) of the patients from
whom 30.5% (138/452) and 69.5% (314/452) were identified as
sole and mixed pathogens, respectively (Table 1). The other
pathogens such as vibrios, salmonellea, shigellae, campylobacters,
aeromonads, enteric parasites and viruses were detected in 2265
(59.2%) stools specimens whereas in 1109 (29%) there was no
known etiological agents.

The patients were categorized into 4 age groups viz =2, >2-5,
>5-14 and >14 years and checked for predominance of specific
pathogroups of DEC if any. Overall, the detection rate of DEC
was more in children =2 (16%, 146/863) than >14 years age
groups (10.5%, 256/2441) (Table 1). Among the DEC positive
samples, the detection rate of EAEC, ETEC and EPEC was
48.2% (218/452), 36.3% (164/452) and 15.5% (70/452), re-
spectively. In majority of the ETEC infected cases, strains
harboring the virulence genes est or with est and elt (68 and 62
cases, respectively) were more compared to the strains that harbors
elt alone (34 cases). Of the 70 EPEC, 22 and 48 were identified as
tEPEC and aEPEC, respectively (Table 1). Atypical EPEC was
relatively high in >5 years age group. Among EAEC, pCVD432
was detected in 83 strains and the aa:C harboring strains alone or
with pCVD432 were detected in 91 and 44 strains, respectively.
The proportion of aaC alone or with pCVD432 was uniformly
high in patients who had mixed infection (~81%) than the sole
infection caused by the EAEC (~18%).

The DEC was predominantly associated with other pathogens
as the sole infection rate was comparatively less in all the age
groups. The isolation rate of DEC was higher in 2009 compared to
other years (data not shown). In addition, there was no well-
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marked seasonal trend in the prevalence of any particular
pathogroup of DEC. In order to identify the preponderance of
any DEC to specific age group of the patients, we made
a multinomial regression analysis (Table 2). We used >50 year
age group as a reference to explore the high age risk group to the
specific DEC pathogroup. In this model, EAEC and EPEC were
isolated significantly among children <2 years of age (Table 2;
Odds Ratio=5.87, 95% confidence interval (CI) 3.46-9.98,
p=0.000 and 3.00, 95% CI 1.35-6.68, p=10.007, respectively).
In children >2 to 5 and >5 to 14 years ETEC was significantly
detected (Table 2; Odds Ratio =0.13, 95% CI 0.05-0.34,
£ =10.000, and 0.16, 95% CI10.07-0.38, p = 0.000, respectively). In
>14 to 30 and >30 to 50 year age group EAEC was significantly
detected (Table 2; Odds Ratio=2.69, 95% CI 1.51-4.77,
$=0.001, and 2.19, 95% CI 1.21-3.95, p=0.009, respectively).

Comparison of different clinical symptoms caused by the
various pathogroups of DEC indicated that vomiting was pre-
dominant (>75%) among EPEC, ST or LT and ST producing
ETEC infected cases (Table 3). More than 50% of the DEC
positive patients had watery diarrhea and the proportion was high
(>70%) among the patients who were identified with ST, L'T and
ST-producing ETEC (Table 3). Abdominal pain was the other
common symptom generally observed in >35% of the DEC
infected cases (Table 3). Severe dehydration was the other
symptom detected among patients infected with EPEC and ST-
producing ETEC (>15%).

All the 163 ETEC strains were screened for the major CFs such
as CFAI CFAIII, CS1 to CS6, CS14 and CS17 by PCR. We
identified the CFs only in 52 ETEC strains (32%) and rest of the
112 strains were negative for the specific CFs targeted in this study.
CFAI, CS6 were detected in higher proportion in ST-producing
ETEC, whereas CFAIII and CS5, were exclusively found in LT-
producing ETEC (Table 4). Of the 52 ETEC: that were positive in
CFs, majority of the strains produced both LT and ST (56%).

Discussion

Among the hospitalized diarrheal children up to 5 years of age,
DEC was high next to rotavirus and in patients more than 5 years;
DEC-mediated diarrheal infection was positioned next to cholera
[10]. Prevalence of DEC in this study was almost 12% which is
more than the other reports from developing countries [14,15].
Prevalence of different pathogroups of DEC was not uniform in all
age groups. Significant association of EAEC and EPEC were
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Table 1. Prevalence of DEC pathogroups among different age groups of diarrheal patients.
DEC All Age group Age =2 years >2-5 years >5-14 years >14 years

Total Sole Mixed Total Sole Mixed Total Sole Mixed Total Sole Mixed Total Sole Mixed
ETEC LT 34 (0.9) 16 (0.4) 18 (0.5) 9 (1) 1(0.1) 8(0.9) 1(04) 1(04) 24(1) 15 (0.6) 9 (0.4)
ETEC ST 68 (1.8) 31(0.8) 37(1) 8(09 1(0.1) 7(0.8) 5(2.1) 3(1.2) 2(08) 3(1.1) 3(1.1)  52(21)  27(1.1) 25()
ETEC LT+ST 62 (1.6) 24 (0.6) 38 (1) 10 (1.2) 1(0.1) 9(1) 2 (0.7) 2 (0.7) 50 (2) 21(09) 29(1.2)
EAEC 218 (5.7) 48(1.3) 170 (4.4) 94 (10.9) 16 (1.9) 78 (9) 18 (7.5) 18 (7.5) 12 (4.3) 5(1.8) 7 (25 94 (3.9 27 (1.1) 67 (2.7)
aEPEC 48 (1.2) 13(0.3) 35(0.9) 12(1.4) 1(0.1) 11(1.3) 2(0.8) 1(0.4) 104 404 2(0.7) 2(0.7) 30(1.3) 9(04) 21(0.8
tEPEC 22 (0.6) 6 (0.2) 16 (0.4) 13 (1.5) 3(04) 10(1.1) 3 (1.2) 1(0.4) 2(0.8) 6 (0.2) 2(0.1) 4(0.2)
No 1109 (29) 110 (12.8) 47 (19.5) 75 (26.7) 877 (35.9)
pathogen
Total 3826 863 241 281 2441
Figures in parentheses indicate %.
doi:10.1371/journal.pone.0056068.t001

Table 2. Multinomial logistic regression models exploring

significant risk age group of predominant DEC infection at

IDH, Kolkata.

Age group DEC

in years pathogroup B OR (95% CI) p-value

>=2 ETEC —-043  0.65(0.38-1.08) 0.099
EPEC 1.09  3.00(1.35-6.68) 0.007*
EAEC 177  5.87(3.46-9.98) 0.000*

>2-5 ETEC —200 0.13(0.05-0.34) 0.000*
EPEC —047 0.62(0.20-1.91) 0.410
EAEC 0.12 1.12(0.57-2.21)  0.732

>5-14 ETEC —1.82  0.16(0.07-0.38) 0.000%
EPEC —-0.69 0.50(0.15-1.66) 0.258
EAEC —0.29 0.75(0.35-0.58) 0.451

>14-30 ETEC 0.08 1.08(0.69-1.69) 0.733
EPEC 0.40 1.50(0.61-3.67) 0.374
EAEC 099  269(1.51-4.77) 0.001*

>30-50 ETEC 0.28 1.32(0.86-2.03) 0.197
EPEC 0.63 1.87(0.79-4.42)  0.151
EAEC 078  2.19(1.21-3.95) 0.009*

>50 Reference category

*Statistically significant.

doi:10.1371/journal.pone.0056068.t002

detected in children =2 year of age. Similar trend was reported in
Tanzania in children 0—6 months of age [16]. Our study also
detected ETEC in age groups from >2 to 14 years and EAEC
with the age group>14 years. Several reports indicate a strong
association of ETEC in younger children [14,17] and EAEC in
higher age groups [18]. DEC-mediated diarrhea is not specific to
any season and found throughout the year. In other studies
conducted in developing countries showed a strong seasonality of
DEC associated infection [19-22]. Watery diarrhea, vomiting are
the important clinical symptoms associated with sole infections
caused by many of the DEC. The dehydration status was severe in
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Table 3. Clinical symptoms of patients with sole infections caused by different pathogroups of DEC.

Clinical symptoms EAEC 48/218 ETEC-ST 31/68 ETEC-LT 16/34 ETEC LT+ST 24/62 EPEC 19/70
Vomiting 29 (60.4) 24 (77.4) 8 (50.0) 20 (83.3) 16 (84.2)
Fever 2 (4.2) 4(12.9) 2 (12.5) 1(4.2) 4 (21.1)
Abdominal pain 17 (35.4) 15 (48.4) 7 (43.8) 10 (41.7) 7 (36.8)
Type of diarrhoea

Bloody 1(2.1)

Watery 33 (68.8) 22 (71.0) 11 (68.8) 21 (87.5) 10 (52.6)

Semisolid 14 (29.2) 9 (29.0) 5(31.3) 3(12.5) 9 (47.4)
Dehydration status

Severe 3 (6.3) 6 (19.4) 1(6.3) 1(4.2) 3(15.8)

Some 44 (91.7) 25 (80.6) 15 (93.8) 23 (95.8) 15 (78.9)

None 1(2.1) 1 (5.3)

doi:10.1371/journal.pone.0056068.t003

cases which were positive for est harboring ETEC as well as EPEC
strains.

Prevalence of EAEC has been high compared to other reports
[19-21]. In addition to the CVD432 marker the chromosomal
marker virulence gene aaiC’ was included in the screening. With
these two gene markers, the identification rate of EAEC was more
compared to a previous study conducted in Kolkata [23].
Interestingly, in many strains we have identified aaiC' gene that
were devoid of the CVD432 virulence marker. The aaiC or aggR
positive E. coli strains are increasingly detected from patients
presenting with diarrhea [24].

As seen in this study, the detection rate of ETEC was higher
compared to other reports [19-21]. Infections caused by elt
harboring ETEC strains was less (8%) compared to ETEC with est
alone and combination with e/t (14% each). World-wide, est was
found to be associated with the severe outcome of the disease [25—
28]. With the PCR based assay, we could detect only 32% of the
CFs in this study which is much low compared to a monoclonal
antibody-based dot blot based study conducted in Bangladesh
[29]. Similar to an early report, ETEC harboring est pre-

Table 4. Prevalence of CFs among different types of ETEC.
CF type ETEC-ST ETEC-LT ETEC LT+ST Total
CFAI 6 1 3 10
CFAII 1 1

cs1 1 1 2
cs3 2 5 7
Cs4 1 1

Css 2 2
Cs6 3 1 4 8
cs14 1 1
cs17 3 3
CS1+CS3 2 2
CS52+CS3 6 6
CS5+CS6 3 6 9
doi:10.1371/journal.pone.0056068.t004
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Numbers in parentheses indicates %. Numerators are number of patients with sole (single DEC) pathogen.
and the denominators represent numbers of patients infected with DEC along with other pathogen(s).

dominantly had the genes encoding for CFAI and CS6 [30].
However, CF profile with e/t harboring ETEC strains seems to be
unique in this region.

Prevalence of EPEC in this study was less compared to other
mnvestigations conducted in developing countries. The rate of
isolation of the EPEC was much higher in Chile (38.3%) and
Brazil (34.0%) whereas the frequency was lowest in Somalia (4.0%)
and Thailand (5.5%) [31-33]. Atypical EPEC has been found
more t than tEPEC in both developing and developed countries
[33]. In the present study, prevalence of typical and atypical
EPECs remained almost the same in age groups =2 and >2-5
years. Studies conducted in many countries indicated that tEPEC
was more in infants <6 months old [33]. In other age groups,
aEPEC predominated. Considering its world-wide occurrence as
an etiological agent of diarrhea, the aEPEC has been considered
as one of the emerging pathogens in developing and developed
countries [34].

The reason for higher prevalence of aEPEC is not clear. Many
findings indicate that aEPEC may have an innate property of
persisting longer in the intestine than the other pathogroups of
DEC. Due to the presence of 4fpA4, the tEPEC adhere firmly to the
epithelial cells and disrupts normal cellular process [33,35]. On the
other hand, the aEPEC decreases apoptosis of intestinal epithelial
cells thereby favouring protracted intestinal colonization.

This study suggests that DEC is one of the important pathogens
that should be considered in the surveillance programme of
diarrheal diseases. aEPEC is involved in large number of diarrheal
cases in and it may be an emerging pathogen. Further studies are
needed to investigate the epidemiology and virulence properties of
atypical EPEC strains.

Author Contributions

Conceived and designed the experiments: TR GBN. Performed the
experiments: SD S. Guin S. Ghosh GPP. Analyzed the data: KR MKB.
Contributed reagents/materials/analysis tools: MKB YT. Wrote the
paper: TR.

References

1. Liu L, Johnson HL, Cousens S, Perin J, Scott S, et al. (2012) Global, regional,
and national causes of child mortality: an updated systematic analysis for 2010
with time trends since 2000. Lancet 379: 2151-2161.

February 2013 | Volume 8 | Issue 2 | 56068



. O’Ryan M, Prado V, Pickering LK (2005) A millennium update on pediatric

diarrheal illness in the developing world. Semin Pediatr Infect Dis 16: 125-136.

. Clarke SC (2001) Diarrhoeagenic Escherichia coli-an emerging problem? Diagn

Microbiol Infect Dis 41: 93-98.

. Isidean SD, Riddle MS, Savarino SJ, Porter CK (2001) A systematic review of

ETEC epidemiology focusing on colonization factor and toxin expression.
Vaccine 29: 6167-6178.

. Giron JA, Ho AS, Schoolnik GK (1991) An inducible bundle-forming pilus of

enteropathogenic Escherichia coli. Science 254: 710-713.

. Okeke IN, Nataro JP (2001) Enteroaggregative Escherichia coli. Lancet Infect Dis

1: 304-313.

. Baudry B, Savarino SJ, Vial P, Kaper JB, Levine MM (1990) A sensitive and

specific DNA probe to identify enteroaggregative FEscherichia coli, a recently
discovered diarrheal pathogen. J Infect Dis 161: 1249-1251.

. Jenkins C, Chart H, Willshaw GA, Cheasty T, Smith HR (2006) Genotyping of

enteroaggregative Escherichia coli and identification of target genes for the
detection of both typical and atypical strains. Diagn Microbiol Infect Dis 55: 13
19.

. Dudley EG, Thomson NR, Parkhill J, Morin NP, Nataro JP (2006) Protecomic

and microarray characterization of the AggR regulon identifies a pheU
pathogenicity island in enteroaggregative FEscherichia coli. Mol Microbiol 61:
1267-1282.

. Nair GB, Ramamurthy T, Bhattacharya MK, Krishnan T, Ganguly S, et al.

(2010) Emerging trends in the etiology of enteric pathogens as evidenced from an
active surveillance of hospitalized diarrhoeal patients in Kolkata, India. Gut
Pathog 2: 4.

. Panchalingam S, Antonio M, Hossain A, Mandomando I, Ochieng B, et al.

(2012). Diagnostic Microbiologic Methods in the GEMS-1 Case/Control Study.
Clin Infect Dis 55: S294-302.

. Nguyen TV, Le Van P, Le Huy C, Gia KN, Weintraub A (2005) Detection and

characterization of diarrheagenic Escherichia coli from young children in Hanoi,
Vietnam. J Clin Microbiol 43: 755-760.

Ghosal A, Bhowmick R, Nandy RK, Ramamurthy T, Chatterjee NS (2007)
PCR-based identification of common colonization factor antigens of enterotoxi-
genic Escherichia colt. ] Clin Microbiol 45: 3068-3071.

. Ochoa TJ, Ecker L, Barletta I, Mispireta ML, Gil AL et al. (2009) Age-related

susceptibility to infection with diarrheagenic Escherichia coli among infants from
Periurban areas in Lima, Peru. Clin Infect Dis 49: 1694-1702.

. Estrada-Garcia T, Lopez-Saucedo C, Thompson-Bonilla R, Abonce M, Lopez-

Hernandez, etal. (2009) Association of diarrheagenic Escherichia coli Pathotypes
with infection and diarrhea among Mexican children and association of atypical
Enteropathogenic E. coli with acute diarrhea. J Clin Microbiol 47: 93-98.

. Moyo SJ, Maselle SY, Matee MI, Langeland N, Mylvaganam H (2007)

Identification of diarrheagenic Escherichia coli isolated from infants and children
in Dar es Salaam, Tanzania. BMC Infect Dis7: 92.

. Albert MJ, Faruque SM, Faruque AS, Neogi PK, Ansaruzzaman M, et al. (1995)

Controlled study of Escherichia coli diarrheal infections in Bangladeshi children.
J Clin Microbiol 33: 973-977.

. Nataro JP, Mai V, Johnson J, Blackwelder WC, Heimer R, et al. (2006)

Diarrheagenic Escherichia coli infection in Baltimore, Maryland, and New Haven,
onnecticut. Clin Infect Dis 43: 402-407.

. Jafari F, Garcia-Gil L], Salmanzadeh-Ahrabi S, Shokrzadeh L, Aslani MM, et

al. (2009) Diagnosis and prevalence of enteropathogenic bacteria in children less

PLOS ONE | www.plosone.org

21.

22.

23.

24.

26.

27.

28.

30.

31.

32.

33.

34.

DEC among Diarrheal Patients

than 5 years of age with acute diarrhea in Tehran children’s hospitals. J Infect
58: 21-27.

. Cho SH, Kim JH, Kim JC, Shin HH, Kang YH, et al. (2006) Surveillance of

bacterial pathogens associated with acute diarrheal disease in the Republic of
Korea during one year, 2003. J Microbiol 44: 327-335.

Regua-Mangia AH, Gomes TA, Vieira MA, Andrade JR, Irino K, et al. (2004)
Frequency and characteristics of diarrhoeagenic Escherichia coli strains isolated
from children with and without diarrhoea in Rio de Janeiro, Brazil. J Infect 48:
161-167.

Faruque AS, Salam MA, Faruque SM, Fuchs GJ (1998) Aetiological, clinical and
epidemiological characteristics of a seasonal peak of diarrhoea in Dhaka,
Bangladesh. Scand J Infect Dis 30: 393-396.

Kahali S, Sarkar B, Rajendran K, Khanam J, Yamasaki S, et al. (2004)
Virulence characteristics and molecular epidemiology of enteroaggregative
Escherichia coli isolates from hospitalized diarrheal patients in Kolkata, India.
J Clin Microbiol 42: 4111-4120.

Sarantuya J, Nishi J, Wakimoto N, Erdene S, Nataro JP, et al. (2004) Typical
enteroaggregative Escherichia coli is the most prevalent pathotype among E. coli
strains causing diarrhea in Mongolian children. J Clin Microbiol 42: 133-139.

. Binsztein N, Jouve MJ, Viboud GI, Lépez Moral L, Rivas M, et al. (1991)

Colonization factors of enterotoxigenic Escherichia coli isolated from children with
diarrhea in Argentina. J Clin Microbiol 29: 1893-1898.

Echeverria P, Pitarangsi C, Eampokalap B, Vibulbandhitkit S, Boonthai P, et al.
(1983) A longitudinal study of the prevalence of bacterial enteric pathogens
among adults with diarrhea in Bangkok, Thailand. Diagn Microbiol Infect Dis 1:
193-204.

Rao MR, Abu-Elyazeed R, Savarino SJ, Naficy AB, Wierzba TF, et al. (2003)
High disease burden of diarrhea due to enterotoxigenic Escherichia coli among
rural Egyptian infants and young children. J Clin Microbiol 41: 4862-4864.
Paniagua M, Espinoza F, Ringman M, Reizenstein E, Svennerholm AM, et al.
(1997) Analysis of incidence of infection with enterotoxigenic Escherichia coli in
a prospective cohort study of infant diarrhea in Nicaragua. J Clin Microbiol 35:

1404-1410.

. Qadri F, Saha A, Ahmed T, Al Tarique A, Begum YA, et al. (2007) Disease

burden due to enterotoxigenic Escherichia coli in the first 2 years of life in an urban
community in Bangladesh. Infect Immun 75: 3961-3968.

Ochoa 1], Barletta F, Contreras C, Mercado E (2008) New insights into the
epidemiology of enteropathogenic Escherichia coli infection. Trans R Soc Trop
Med Hyg 102: 852-856.

Casalino M, Yusuf MW, Nicoletti M, Bazzicalupo P, Coppo A, et al. (1988) A
two-year study of enteric infections associated with diarrhoeal diseases in
children in urban Somalia. Trans R Soc Trop Med Hyg 82: 637-641.
Echeverria P, Orskov F, Orskov I, Knutton S, Scheutz F, et al. (1991) Attaching
and effacing enteropathogenic FEscherichia coli as a cause of infantile diarrhea in
Bangkok. J Infect Dis 164: 550-554.

Chen HD, Frankel G (2005) Enteropathogenic Escherichia coli: unravelling
pathogenesis. FEMS Microbiol Rev 29: 83-98.

Nguyen RN, Taylor LS, Tauschek M, Robins-Browne RM (2006) Atypical
enteropathogenic FEscherichia coli infection and prolonged diarrhea in children.
Emerg Infect Dis 12: 597-603.

. Melo AR, Lasunskaia EB, de Almeida CM, Schriefer A, Kipnis TL, et al. (2005)

Expression of the virulence factor, BfpA, by enteropathogenic Escherichia coli is
essential for apoptosis signalling but not for NF-kappaB activation in host cells.
Scand J Immunol 61: 511-519.

February 2013 | Volume 8 | Issue 2 | 56068



