
Brazilian Journal of Microbiology (2001) 32:313-319
ISSN 1517-8382

313

DIFFUSE AND ENTEROAGGREGATIVE PATTERNS OF ADHERENCE OF ESCHERICHIA COLI
ISOLATED FROM STOOLS OF CHILDREN IN NORTHEASTERN BRAZIL

Isabel Cristina Affonso Scaletsky1*; Sandra Hilde Fabbricotti 1;  Rozane de Lima Bigelli Carvalho2;
Claudia Regina Nunes3; Helcio de Sousa Maranhão4; Mauro Batista de Morais2; Lee Riley5; Ulysses Fagundes-Neto2

1Departamento de Microbiologia, Imunologia e Parasitologia, 2Disciplina de Gastroenterologia Pediátrica, Universidade Federal
de São Paulo, São Paulo, SP, Brasil; 3Hospital Universitário Materno-Infantil, São Luis, MA, Brasil; 4Departamento de Pediatria,

Universidade Federal do Rio Grande do Norte, Natal, RN, Brasil; 5School of Public Health, UC Berkeley, CA, USA

Submitted: July 07, 2001; Approved: December 20, 2001

ABSTRACT

Childhood diarrheal diseases remain highly endemic in northeastern Brazil. The attributable fraction of all
diarrheal diseases among children less than 2 years of age due to Escherichia coli was examined in a 2-year
prospective study in two large urban centers of Brazil. Between May 1997 and June 1999, fecal E. coli isolates
from 237 children with diarrhea (217 acute and 20 persistent cases) and 231 children without diarrhea (controls)
attending two hospitals in Northeast Brazil were tested for their pattern of adherence to HEp-2 cells and for
colony hybridization with DNA probes specific for the six pathotypes of diarrheagenic E. coli. Enteroinvasive
E. coli, enterotoxigenic E. coli and enterohemorrhagic E. coli were not isolated from any children. Diffusely
adherent E. coli (DAEC) and enteroaggregative E. coli (EAEC) were the most frequent isolates with similar
frequencies from children with or without diarrhea. Atypical EPEC (EAF-negative) strains were isolated with
similiar frequency from both cases (5.5%) and controls (5.6%). Enteropathogenic E. coli (typical EPEC)
strains, characterized by localized adherence pattern of adherence, hybridization with the EAF probe, and
belonging to the classical O serogroups, were significantly associated with diarrhea (P = 0.03). These E. coli
strains associated with diarrhea accounted for 9% of all children with diarrhea. Collectively, in Northeast
Brazil, E. coli strains comprise a small proportion of severe diarrhea prevalence in children.

Key words: Escherichia coli, diffusely adherent E. coli, enteroaggregative E. coli, adherence patterns,
childhood diarrhea.

INTRODUCTION

Diarrheagenic Escherichia coli comprise an important group
of pathogens associated with enteric diseases. Six pathogenic
types (pathotypes) of E. coli associated with diarrhea are
currently recognized: enterotoxigenic (ETEC), typical
enteropathogenic E. coli (typical EPEC), enterohemorrhagic E.
coli (EHEC), enteroinvasive E. coli (EIEC), enteroaggregative
E. coli (EAEC) and diffuse adherent E. coli (DAEC) (29).
Recently, a new pathotype, named atypical EPEC was reported
as a putative cause of diarrhea in infants in Brazil (defined below)
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(35). It has become clear that there are regional differences in
the relative prevalence of the different diarrheagenic E. coli
groups (1,4,6,7,8,14,17,21) and such a difference may affect the
overall regional prevalence of diarrheal diseases.

Detection of diarrheagenic E. coli has been facilited by tissue
culture assays as well as by DNA probes specific to each group
of E. coli. The DNA fragments used as probes hybridize to
either adhesin or toxin-encoding genes (5,19,26,30) or with genes
linked with the presence of a phenotype (3,37).

EPEC, EAEC and DAEC are characterized by their distinct
patterns of adherence to cultured epithelial cells in vitro. Typical
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EPEC strains bind to host cells in a pattern called localized
adherence (LA), where microcolonies form on the surface of
cells (HeLa or HEp-2) (32). EAEC bind in an aggregative
adherence (AA) pattern, which is characterized by a stacked-
brick-like arrangement on the surface of cells as well as of the
glass or plastic (28). DAEC strains are defined by a diffuse
pattern of adherence (DA), where the bacteria cover the entire
surface of cells uniformly (32). Recently, Scaletsky et al. (34)
described a new adherence pattern called localized adherence-
like (LAL) pattern. This pattern is characterized by less compact
microcolonies or clusters of bacteria on the surface of a few
cells observed only after prolonged incubation periods (6 h). E.
coli strains exhibiting such a pattern of adherence and also
lacking the EAF plasmid were labeled atypical EPEC (35).

This study was designed to determine the relative prevalence
and the role of the different E. coli pathotypes in acute and
persistent diarrhea among infants in 2 large urban centers in
northeastern Brazil known for their low socio economic status
and high prevalence of diarrhea and malnutrition.

MATERIALS AND METHODS

Patients
The study was conducted at Hospital de Pediatria da

Universidade Federal do Rio Grande do Norte (Natal, Rio Grande
do Norte) and Hospital Universitário Materno-Infantil (São Luiz,
Maranhão). From May 1997 to June 1999, all children less than
2 years of age with acute or persistent diarrhea who were brought
to the hospital ambulatory clinics were enrolled in the study.
Clinical information was collected by means of a standard
questionnaire. The information requested included age, sex,
clinical symptoms (fever, vomiting, and dehydration status),
type and duration of diarrhea, and history of antibiotic therapy
prior to the clinic visit. Diarrhea was defined as the excretion of
three or more liquid stools during a 24-h period before admission.
Acute diarrhea was defined as diarrhea of less than 14 days
duration at the time of admission. Persistent diarrhea was defined
as diarrhea of a presumably infectious etiology lasting more
than 14 days. A control group containing asymptomatic children
matched for age was randomly selected from the well-child
outpatient clinic of the same hospitals, examined during the
same study time period. Control infants had had no
gastrointestinal symtoms for at least 30 days prior to inclusion
in this study.

Microbiological studies
Two rectal swabs were collected from each child, placed in

Cary-Blair transport medium, and processed within 4 h. One
swab was processed by routine microbiological and biochemical
tests to identify E. coli, Salmonella spp. Shigella
spp.,Campylobacter spp., andYersinia enterocolitica (11), while
the second swab was stored in 2 ml of phosphate-buffered

saline (pH 7.4) at 4ºC until tested for rotavirus by enzyme
immunoassay (EIA) ( 13). Fecal samples and/or rectal swab
specimens were obtained for detection of Giardia lamblia,
Entamoeba histolytica, and Cryptosporidium spp (18). E. coli
strains were isolated on MacConkey agar plates. Four separate
lactose-fermenting colonies, presumed to be E. coli by colony
morphology, and two non-lactose-fermenting colonies of each
distinct morphologic type were cultivated in commercial test
systems (PROBAC do Brasil, São Paulo, Brazil) such as EPM
(fermentation of sucrose, urea hydrolysis, and gas production)
and MiLi (motility, indole, and lysine decarboxylase) (39) media
for biochemical confirmation of species or genus. All E. coli
colonies were tested for slide agglutination with commercial
polyvalent and monovalent antisera (PROBAC do Brasil, São
Paulo, Brazil) against the following serogroups: O26, O55, O86,
O111, O114, O119, O125, O126, O127, O128ab, O142, O157, and
O158. When two or more colonies of identical serotypes were
isolated from the same child, only one colony was kept. The E.
coli strains were maintained in nutrient agar slants at room
temperature.

Adhesion assay
All E. coli isolates were characterized by the pattern of

adherence to HEp-2 cells in the presence of D-mannose
according to the method described by Scaletsky et al. (32).
Briefly, monolayers of 105 HEp-2 cells were grown in Dulbecco’s
modified Eagle’s medium (DMEM) (Gibco, Grand Island, NY)
using 24-well tissue culture plates (Falcon Becton Dickinson,
New Jersey, EUA). Bacterial strains were grown statically in 3
ml of tryptic soy broth (Difco, Detroit, MI) for 16-18 h at 37ºC.
The monolayers were infected with approximately 3 x 107 bacteria
(40 µl of bacterial cultures added to 1 ml of DMEM) and
incubated at 37ºC for 3 h. The infected monolayers were washed
with sterile phosphate-buffered saline (PBS), fixed with
methanol, stained with May-Grunwald-Giemsa stain, and
examined under a light microscope. Strains that adhered to the
monolayers were recorded as adhering in localized (LA),
localized-like (LAL), diffuse (DA), or aggregative (AA) patterns.

DNA probe hybridization
The various DNA probes used for detection of diarrheagenic

E. coli are shown in Table 1. DNA probes were prepared from
recombinant plasmids containing the DNA probe fragments as
inserts. Plasmids were prepared, purified, and digested with
restriction endonucleases (Gibco-BRL, Grand Island, NY), and
the appropriate restriction fragments were purified by gel
extraction. The DNA fragments were labeled by random primer
extension kit (Rediprime DNA Labelling System, Amersham)
with 50 µCi of [a-32P]dCTP (Amersham Life Science Products,
Airlington Heights, Ill.). Colony blots were prepared on
Whatman 541 filter papers which were then processed and
hybridized under stringent conditions as described previously
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(25). The positive control E. coli strains used for hybridization
reactions included: EDL933 (for Shiga-like toxin I [stxI] and stxII),
H10407 (for heat-labile [LT] and stable-labile [ST] enterotoxins);
EDL1284 (for invasion); E2348/69 (for EPEC adherence factor
[EAF], and attachment-effacement factor [AE]; 17-2 (for
aggregative adherence); and C1845 (for diffuse adherence).

Statistical analysis
Frequency of isolation of pathogens from children with and

without diarrhea was compared by a two-tailed chi-square or
Fisher’s exact test.

RESULTS

A total of 237 children (217 acute and 20 persistent) and 231
matched control children without diarrhea were studied. We
identified potential diarrheagenic E. coli by assays of adhesion
to HEp-2 cells and by hybridization with specific DNA
probes.The isolation frequency of pathogens from children with
diarrhea is shown in Table 2. Putative diarrheagenic E. coli was
isolated from 51.9% (123 of 237) of children with diarrhea
compared with 42.4% (98 of 231) of children without diarrhea (P
> 0.05). In children with diarrhea, DAEC was the most prevalent
E. coli group identified, followed by EAEC, typical EPEC and
atypical EPEC. EIEC, ETEC, and EHEC were not detected in any
children. Of children with diarrhea, 49 (20.7%) of 237 were
infected with more than one of the potential diarrheal E. coli
pathogens that were tested for, while 44 (18.7%) of 237 were
colonized with both diarrheagenic E. coli and one of the other
enteric pathogens, while no control children were colonized
with more than one category of diarrheagenic E. coli. Rotavirus

and Shigella spp were isolated from 51 (21,5%) and 38 (16%)
children with diarrhea and from 13 (5.6%) and 5 (2.2%) controls,
respectively (P < 0.00). Three children with persistent diarrhea
were infected with Shigella, 4 children with EAEC, and 4 children
with DAEC. Twenty infants were infected with DAEC and
rotavirus, 4 infants with DAEC and Shigella, 14 infants were
infected with EAEC and rotavirus, and one infant with atypical
EPEC and rotavirus.

DAEC and EAEC strains were the most frequent isolates
with similar frequencies from cases (20.7 - 16.9%) and controls
(17.3 - 16.4%), respectively (Table 2). The detection frequency
of DAEC and EAEC by specific DNA probes was different
compared with the HEp-2 cell adherence pattern (Table 2). The
daaC probe detected 58 (65.2%) of 89 isolates which yielded
the DA pattern: 31 of 49 from cases and 27 of 40 from controls.
Similarly, EAEC probe used to detect EAEC isolates reacted
with 48 (61.5%) of 78 that yielded the AA pattern: 21 from cases
and 27 from controls. One isolate with DA carrying daaC also
hybridized with the eaeA probe. Three isolates with AA pattern
hybridized with both EAEC and daaC probes.

From 89 DAEC strains producing DA on HEp-2 cells, only
one from a child belonged to one of the classic serogroups,
O128 (Table 3). Of the 78 EAEC isolates producing AA, 6
belonged to a classical serogroup. The serogroups detected
were O125 (2 cases and 1 control), and O126 (1 case), and O127
(1 child each).

Typical EPEC was the only diarrheagenic category of E. coli
significantly associated with diarrhea (P = 0.03) (Table 2). We
characterized typical EPEC on the basis of its localized
adherence (LA) pattern and positive reactions to EAF and eaeA
probes. Strains with LA were more frequently isolated from the

E. coli pathotype Pathogenic factor detecteda
Recombinant plasmid

containing the probe

Probe obtained with

restriction enzyme
Ref.

ETEC

EIEC

EHEC

EPEC

DAEC

EAEC

Enterotoxin LT

Enterotoxin STp

Enterotoxin STh

Invasion

Adherence

Shiga-toxin I

Shiga-toxin II

EAF

eaeA

daaC

AA

pCVD403

pCVD426

pCVD427

pPS55

pCVD419

pJN37-19

pNN110-18

pJPN16

pCVD434

pSLM852

pCVD432

1.3-kb BamHI

157-bp PstI

216-bp EcoRI

2.5-kb HindIII

3.4-kb HindIII

1.142-kb BamHI

842-bp SmaI-PstI

1-kb BamHI-SalI

1-kb SalI-KpnI

390-bp PstI

1-kb EcoRI-PstI

26

37

30

27

19

5

3

Table 1. DNA probes used for detection of diarrheagenic E. coli.

a EAF, EPEC adherence plasmid; eaeA, encoding intimin, an outer membrane protein involved in the attaching-effacing lesions
promoted by EPEC; daaC, associated with the biogenesis of F1845, a fimbrial adhesin involved in DA; AA, aggregative adherence
plasmid.
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diarrhea group than controls, 21 of 237 (8.9%) versus 7 of 231
(3.0%), respectively. The eaeA DNA probe, which is specific
for both typical and atypical EPEC, detected 54 isolates (Table
2). Twenty-eight eaeA -positive isolates hybridized with the
EAF probe and exhibited a LA phenotype, indicating that they

belonged to the typical EPEC pathotype. Six out of the remaining
26 atypical EPEC (EAF- negative) showed an LAL pattern.
Strains showing the LAL pattern were found both in children
with diarrhea (1.7%) and controls (0.9%).

 Twenty-two out of the 28 typical EPEC isolates from cases
(17 children) and controls (5 children) belonged to a classical
serogroup (Table 3): O55 (6 cases), O111 (4 cases), O119 (7
cases and 2 controls), and O127 (3 controls). Five typical EPEC
isolates did not fall into any traditional EPEC serogroups and
one detected in a case child belonged to serogroup O157. The
26 atypical EPEC isolated from cases and controls revealed
classical serogroups in 9 isolates: O26 (1 case), O55 and O111 (1
control each), O114 (3 controls), O119 (1 control), and O126 (2
cases). Serogroups O26, O126, and O111 were found among
atypical EPEC showing LAL.

DISCUSSION

Diarrhea remains an important public health problem for
children in developing areas of Brazil’s northeast. The
importance of E. coli as a cause of diarrhea and its attributable
fraction to the diarrhea prevalence in this region was unknown.
The present study was performed to determine the prevalence
of different E. coli pathotypes in children with diarrhea in two
large urban centers in the northeast Brazil. While potential
diarrheal E. coli strains were isolated from more than half (52%)
of the children with diarrhea, only typical EPEC strains in
children with diarrhea were clearly associated with diarrhea.
These children accounted for 9% of all the cases of diarrhea.
The study included children visiting hospital clinics with
diarrhea and thus involved children with diarrhea severe enough
to require medical attention. Thus, EPEC may represent just a
small fraction of all those responsible for diarrheal diseases
that occur in communities. After rotavirus and Shigella, these
E. coli strains were responsible for more cases of diarrhea than
any other pathogen.

In our study, all strains isolated from cases and controls
showing LA hybridized with the EAF and eaeA probes. Gomes
et al. (16) suggested that detection of EAF in a strain that
belonged to the classical EPEC serogroup (20, 31) might be a
reliable test for detecting EPEC associated with diarrhea.
Although the number of strains detected in this study was too
small to draw any significant conclusion, O55 and O111
serogroups were detected only in cases. These two serogroups
have been prevalent in Brazil in the last 25 years (40, 41). The
characteristic phenotype of LA known to correlate with the
classic O serogroups (33) and diarrheal disease was confirmed
in this study. Eighty-one percent of EPEC strains isolated from
cases belonged to classic O serogroups. However, serogrouping
DAEC and EAEC isolates, did not bring any additional
information about their pathogenic potentials. O125 and O127
EAEC isolates were found in cases and controls.

Pathogen
No. of children (%)

infected
P value

Diarrheal Control

DAEC

By HEp-2 assay (DA pattern) 49 (20.7)b 40 (17.3) 0.71

By daaC probe 31 (13.1) 27 (11.7) 0.75

EAEC

By HEp-2 assay (AA pattern) 40 (16.9) 38 (16.4) 0.22

By EAEC probe 21 (8.9)c 27 (11.7)c 0.39

EPEC typical

By HEp-2 assay (LA pattern) 21 (8.9) 7 (3.0) 0.03

By eaeA, EAF probes 21 (8.9) 7 (3.0) 0.03

EPEC atypical

By HEp-2 assay (LAL pattern) 4 (1.7) 2 (0.9) 0.06

By eaeA probe 13 (5.5) 13 (5.6) -

51 (21.5) 13 (5.6) 0.00

38 (16.0) 5 (2.1) 0.00

3 (1.3) 1 (0.4) 0.97

2 (0.8) 1 (0.4) 0.33

Rotavirus

Shigella spp.

Salmonella spp.

Entamoeba histolytica

Giardia lamblia 3 (1.3) 3 (1.3) 0.58

a 237 diarrheal children and 231 matched controls were studied
during May 1997 to June 1999 in northeastern Brazil; bisolate
also hybridize with the eaeA probe; cisolates also reacted with
the daaC probe.

Table 2. Isolation of pathogens from the stools of children with
diarrheaa.

Serogroup

DAEC

Cases/

Controls

(n = 49 / 40)

EAEC

Cases/

Controls

(n = 40 / 38)

Typical EPEC

Cases/

Controls

(n = 21 / 7)

Atypical EPEC

Cases/

Controls

(n = 13 / 13)

O26 0 / 0 0 / 0 0 / 0 1 / 0

O55 0 / 0 0 / 0 6 / 0 0 / 1

O111 0 / 0 0 / 0 4 / 0 0 / 1

O114 0 / 0 0 / 0 0 / 0 0 / 3

O119 0 / 0 0 / 0 7 / 2 0 / 1

O125 0 / 0 2 / 1 0 / 0 0 / 0

O126 0 / 0 1 / 0 0 / 0 2 / 0

O127 0 / 0 1 / 1 0 / 3 0 / 0

O128 0 / 1 0 / 0 0 / 0 0 / 0

O142 0 / 0 0 / 0 0 / 0 0 / 0

Total 0 / 1 4 / 2 17 / 5 3 / 6

Table 3. Distribution of classical serogroups among EPEC,
EAEC and DAEC strains in case and control infants.
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The remaining eaeA-positive EAF-negative isolates in this
study, considered atypical EPEC, could be either virulent or
avirulent. These strains carry only the eaeA gene and do not
possess the EAF plasmid. Indeed, volunteer-based studies
performed by Levine et al. (22) have shown that JPN15 (a plasmid
cured EPEC strain) caused diarrhea but it was less severe than
that caused by the wild-type strain. Thus, it is possible that
clinical isolates of EPEC lacking EAF have the ability to cause
diarrhea. In the present study, atypical EPEC were detected
both in cases and controls in similar frequency. Six of these 26
strains showed an LAL pattern, 4 in cases and 2 in controls.
Although there were no statistically significant differences and
the number of isolates was small, LAL pattern isolates were
isolated twice as often from cases than from controls. In a
previous study in São Paulo in southeast Brazil, we have
demonstrated that atypical EPEC strains showing an LAL pattern
were significantly associated with diarrhea (35). However, in
this study, performed in another geographic region of Brazil,
there was no significant correlation between E. coli exhibiting
LAL and diarrhea.

Strains belonging to EAEC have been implicated as etiologic
agents of infantile gastroenteritis in both developing (4, 9, 43)
and developed countries (36), most predominantly among
patients with diarrhea that persists longer than 14 days. Fang
et al. (12) and Lima et al (24) working in Fortaleza, another large
urban center in northeastern Brazil demonstrated a significant
association between EAEC and persistent diarrhea. In the
present study EAEC strains were equally detected in cases and
controls without any statistical differences between the two
groups. Conflicting results about the role of EAEC in persistent
diarrhea have been published elsewhere (4,12,16, 21, 42). These
differing results may reflect differences in the nutritional status
of the populations examined. EAEC may be more important as a
cause of persistent diarrhea in mal-nourished children.

These differences in results may also reflect differences in
the detection tests used. In this study, EAEC strains were
detected by the organism’s HEp-2 adhesion pattern (78 strains)
and by hybridization with the EAEC probe (48 strains). The
relevance of the EAEC probe in epidemiological studies is
uncertain. EAEC probe was highly sensitive and specific in an
epidemiological study involving strains from Chile and India
(3). However, in our study, only 61.5% of the EAEC strains
exhibiting AA pattern of adherence were detect with this probe.
Such discrepancies in the performance of this DNA probe were
also reported in studies conducted in northeastern Brazil (12)
and this prompted us to study new EAEC genotypes. Of the 78
EAEC strains, 4 hybridized with daaC probe. EAEC strains
carrying daaC have been previously reported (15).

Most of E. coli strains isolated in this study belonged to
the DAEC pathotype: 18% (89 of 468) isolates were defined
phenotypically by their pattern of adherence to HEp-2 cells and
12.4% (58 of 468) were defined genotypically by hybridization

with the daaC probe. There is still much debate over whether
DAEC strains cause diarrhea, or whether DAEC strains comprise
a distinct group of E. coli. Many field reports (2,10,15,16,17,23),
as well as volunteer studies (38) report contradictory results. In
the current study, there was no significant correlation between
DAEC isolates and diarrhea. However, most of the children in
the present study were under 1 year of age, and as suggested
by other authors DAEC may be more important as a diarrheal
pathogen in older populations or in specific age groups of
children (17,21).

In conclusion, the majority of E. coli strains isolated in this
prospective-study belonged to the DAEC and EAEC
pathotypes. However, they were present in similar proportions
in both children with or without diarrhea. On the other hand,
EPEC strains were confirmed as important causes of enteric
infections in children less than 2 years of age. They were the
third most important group of pathogens associated with
diarrhea. Further studies are needed to characterize the
epidemiology of E. coli diarrhea in urban centers of Brazil.
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RESUMO

Isolamento dos padrões de adesão difusa e agregativa
de Escherichia coli nas fezes de crianças da região

nordeste do Brasil

Na região nordeste do Brasil a doença diarréica na infância
continua sendo altamente endêmica. Com o objetivo de
determinar a prevalência das diferentes categorias de E. coli
diarreiogênica foi realizado um estudo prospectivo de dois anos
em dois grandes centros urbanos dessa região. Entre maio de
1997 a junho de 1999, foram examinadas amostras de Escherichia
coli isoladas de 237 fezes de crianças com diarréia (217 aguda e
20 persistente casos) e 231 de crianças sem diarréia (controles)
atendidas em dois hospitais na região nordeste do Brasil quanto
a adesão a células HEp-2 e hibridização com sondas genéticas
especîficas para as seis categorias de E. coli diarreiogênica. E.
coli que adere difusamente (DAEC) e E. coli enteroagregativa
(EAEC) foram as categorias mais frequentemente isoladas tanto
em casos como em controles. E. coli enteropatogênica atípica
(EPEC) foi isolada tanto em casos (5.5%) como em controles
(5.6%). Amostras de E. coli enteropatogênica (EPEC típica),
caracterizadas pelo padrão de adesão localizada, hibridização
positiva com a sonda EAF e pertencentes aos sorogrupos
clássicos foram mais frequentes em casos do que em controles,
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significantemente relacionadas com diarréia (P = 0.03). Essas
amostras constituíram o terceiro patógeno, depois de rotavirus
e Shigella spp, com predomínio significantemente maior entre
os casos. Concluindo, na região nordeste do Brasil as EPEC
respondem por 9% dos casos de diarréia grave em crianças
menores de dois anos.

Palavras-chave: Escherichia coli, E. coli que adere difusamente,
E. coli enteroagregativa, padrões de adesão, diarréia infantil.

REFERENCES

1. Albert, M.J.; Faruque, S.M.; Faruque, A.S.G.; Neogi, P.K.B.;
Ansaruzzaman, M.; Bhuiyan, N.A.; Alam K.; Akbar, M.S. Controlled
study of Escherichia coli diarrheal infections in Bangladeshi children.
J. Clin. Microbiol., 33: 973-977, 1995.

2. Baqui, A.H.; Sack, R.B.; Black, R.E.; Haider, K.; Hossain, A.; Alim,
A.R.M.A.; Yunus, M.; Chowdhury, H.R.; Siddique, A.K.
Enteropathogens associated with acute and persistent diarrhea in
Bangladeshi children <5 years of age. J. Infect. Dis., 166: 792-796,
1992.

3. Baudry, B.; Savarino S.J.; Vial, P.; Kaper, J.B.; Levine, M.M. A
sensitive and specific DNA probe to identify enteroaggregative E.
coli, a recently discovered diarrheal pathogen. J. Infect. Dis., 161:
1249-1251, 1990.

4. Bhan, M.K.; Raj, P.; Levine, M.M.; Kaper, J.B.; Bhandari N.;
Srivastava R.; Kumar R.; Sazawal, S. Enteroaggregative Escherichia
coli associated with persistent diarrhea in a cohort of rural children
in India. Infect. Dis., 159: 1061-1064, 1989.

5. Bilge, S.S.; Clausen C.R.; Lau W.; Moseley, S.L. Molecular
characterization of a fimbrial adhesin, F1845, mediating diffuse
adherence of diarrhea-associated Escherichia coli to HEp-2 cells. J.
Bacteriol., 171: 4281-4289, 1989.

6. Biswas, R.; Nelson, E.A.S.; Lewindon, P.J.; Lyon, D.J.; Sullivan,
P.B.; Echeverria, P. Molecular epidemiology of Escherichia coli
diarrhea in children in Hong Kong. J. Clin. Microbiol., 34: 3233-
3234,1996.

7. Bouzari, S.; Jafari, A.; Farhoudi-Moghaddam, A.A.; Shokouhi, F.;
Parsi, M. Adherence of nonenteropathogenic Escherichia coli to
HeLa cells. J. Med. Microbiol., 40: 95-97, 1994.

8. Cravioto, A.; Reyes R.E.; Ortega R.; Fernandez G.; Herrandez, R.;
Lopez, D. Prospective study of diarrheal disease in a cohort of rural
Mexican children: incidence and isolated pathogens during the first
two years of life. Epidemiol. Infect., 101: 123-134, 1988.

9. Cravioto, A.; Tello A.; Navarro, A.; Ruiz J.; Villajan, H.; Uribe, F.;
Eslava, C. Association of Escherichia coli HEp-2 cells adherence
patterns with type and duration of diarrhea. Lancet, 337: 262-264,
1991.

10. Echeverria, P.; Serichantalerg, O.; Changchawalit, S.; Baudry, B.;
Levine, M.M.; Orskov, F.; Orskov, I. Tissue culture-adherent
Escherichia coli in infantile diarrhea. J. Infect. Dis., 165: 141-143,
1992.

11. Edwards, P.R.; Ewing, W.H. Identification of Enterobacteriaceae,
3rd ed. Burgess Publishing Co., Minneapolis. 1972.

12. Fang, G.D.; Lima, A.A.M.; Martins, C.V.; Nataro, J.P.; Guerrant,
R.L. Etiology and epidemiology of persistent diarrhea in northeastern
Brazil: a hospital-based, prospective, case-control study. J. Pediatr.
Gastroenterol. Nutr., 21: 137-144, 1995.

13. Flewett, T.H.; Arias, C.F.; Venecas, A. Comparative evaluation of
the WHO and DAKOPATTS enzyme-linked immunoassay kits for
rotavirus detection. Bull WHO, 67: 369-374, 1989.

14. Forestier, C.; Meyer, M.; Favre-Bonte, S.; Rich, C.; Malpuech, G.;
Bouguenec, C. Le; Sirot, J.; Joly, B.; Champs, C. De. Enteroadherent
Escherichia coli and diarrhea in children: a prospective case-control
study. J. Clin. Microbiol., 34: 2897-2903, 1996.

15. Girón, J.A.; Jones, T.; Millán-Velasco, F.; Castro-Munoz, E.; Zarate,
L.; Fry, J.; Frankel, G.; Moseley, S.L.; Baudry, B.; Kaper, J.B.;
Schoolnik, G.K.; Riley, L.W. Diffuse-adhering Escherichia coli
(DAEC) as a putative cause of diarrhea in Mayan children in Mexico.
J. Infect. Dis., 163: 507-513, 1991.

16. Gomes, T.A.T.; Vieira, M.A.M.; Wachsmuth, I.K.; Blake, P.A;
Trabulsi, L.R. Serotype-specific prevalence of Escherichia coli strains
with EPEC adherence factor genes in infants with and without
diarrhea in São Paulo, Brazil. J. Infect. Dis., 160: 755-758, 1989.

17. Gunzburg, S.T.; Chang B.J.; Elliot, S.J.; Burke, V.; Gracey, M. Diffuse
and enteroaggregative patterns of adherence of enteric Escherichia
coli from arboriginal children from the Kimberley region of Western
Australia. J. Infect. Dis., 167: 755-758, 1993.

18. Henricksens, S.A.; Pohlens, J.F.L. Staining of Cryptosporidia by a
modified Ziehl-Neelsen tecnique. Acta Vet. Scand., 22: 594-596,
1981.

19. Jerse, A.E.; Jun, Y.; Tall B.D.; Kaper, J.B. A genetic locus of
enteropathogenic Escherichia coli necessary for the production of
attaching and effacing lesions on tissue culture cells. Proc. Natl.
Acad. Sci. USA, 87: 7839-7843, 1990.

20. Levine, M.M.; Edelman, R. Enteropathogenic Escherichia coli of
classic serotypes associated with infant diarrhea: epidemiology and
pathogenesis. Epidemiol. Rev., 6: 31-51, 1984.

21. Levine, M.M.; Ferreccio, C.; Prado, V.; Cayazzo, M.; Abrego, P.;
Martinez, J.; Maggi, L.; Baldini, M.M.; Martin, W.; Maneval, D.;
Kay, B.; Guers, L.; Lior, H.; Wasserman, S.S.; Nataro, J.P.
Epidemiological studies of Escherichia coli diarrhea infections in a
low socioeconomic level peri-urban community in Santiago, Chile.
Am. J. Epidemiol., 138: 849-869, 1993.

22. Levine, M.M.; Nataro, J.P.; Karch, H.; Baldini, M.M.; Kaper, K.B.;
Black, R.E.; Clements, M.L.; O’Brien, A. The diarrheal response of
humans to some classic serotypes of enteropathogenic Escherichia
coli is dependent of a plasmid encoding an enteroadhesiveness factor.
J. Infect. Dis., 152: 550-559, 1985.

23. Levine, M.M.; Prado, V.; Robins-Browne, R.M.; Lior, H.; Kaper,
J.B.; Moseley, S.L.; Gicquelais, K.; Nataro, J.P.; Vial, P.; Tall, B. Use
of DNA probes and HEp-2 cell adherence assay to detect diarrheagenic
Escherichia coli. J. Infect. Dis., 158: 224-228, 1988.

24. Lima, A.A.M.; Fang, G.; Schorling, J.B.; De Albuquerque, L.;
McAuliffe, J.F.; Mota, S.; Leite, R.; Guerrant, R.L. Persistent diarrhea
in Northeast Brazil: etiologies and interactions with malnutrition.
Acta Paediatr.Scand., 81(Suppl.): 39-44, 1992.

25. Maas, R. An improved colony hybridization method with significantly
increased sensitivity for detection of single genes. Plasmid, 10:
296-298, 1983.

26. Mosely, S.L.; Huq, I.; Alim, A.R.M.A.; So, M.; Samadpour-Motalebi,
M.; Falkow, S. Detection of enterotoxigenic Escherichia coli by
DNA colony hybridization. J. Infect. Dis., 142: 892-898, 1980.

27. Nataro, J.P.; Baldini, M.M.; Kaper, J.B.; Black, R.E.; Bravo, N.;
Levine, M.M. Detection of an adherence factor of enteropathogenic
Escherichia coli with a DNA probe. J. Infect. Dis., 152: 560-565,
1985.

28. Nataro, J.P.; Kaper, J.B.; Robins-Browne, R.; Prado, V.; Vial, P.;
Levine, M.M. Patterns of adherence of diarrheagenic Escherichia
coli to HEp-2 cells. Paediatr. Infect. Dis. J., 6: 829-831, 1987.

29. Nataro, J.P.; Kaper, J.B. Diarrheagenic Escherichia coli. Clin.
Microbiol. Rev., 11: 142-201, 1998.

30. Newland, J.W.; Neill, R.J. DNA probes for Shiga-like toxins I and II
and for toxin-converting bacteriophages. J. Clin. Microbiol., 26:
1292-1297, 1988.

31. Robins-Browne, R.M. Traditional enteropathogenic Escherichia coli
of infantile diarrhea. Rev. Infect. Dis., 9: 28-53, 1987.

32. Scaletsky, I.C.A.; Silva, M.L.M.; Trabulsi, L.R. Distinctive patterns
of adherence of enteropathogenic Escherichia coli to HeLa cells.
Infect. Immun., 45: 534-536, 1984.

33. Scaletsky, I.C.A.; Silva, M.L.M.; Toledo, M.R.F.; Davis, B.R.; Blake,
P.A.; Trabulsi, L.R. Correlation between adherence to HeLa cells
and serogroups, serotypes, and bioserotypes of Escherichia coli.
Infect. Immun., 49: 528-532, 1985.



Patterns of adherence of E. coli

319

34. Scaletsky, I.C.A.; Pelayo, J.S.; Giraldi, R.; Rodrigues, J.; Pedroso,
M.Z.; Trabulsi, L.R. EPEC adherence to HEp-2 cells. Rev. Microbiol.,
27(Suppl. 1): 58-62, 1996.

35. Scaletsky, I.C.A.; Pedroso, M.Z.; Oliva, C.A.G.; Carvalho, R.L.B.;
Morais, M.B.; Fagundes-Neto, U. A localized adherence-like pattern
as a second pattern of adherence of classic enteropathogenic
Escherichia coli to HEp-2 cells that is associated with infantile
diarrhea. Infect. Immun., 67: 3410-3415, 1999.

36. Scotland, S.M.; Smith, H.R.; Rowe, B. Escherichia coli O128 strains
from infants with diarrhea commoly show localized adhesion and
positivity in the fluorescent-actin staining test but do not hybridize
with an enteropathogenic E. coli adherence factor probe. Infect.
Immun., 59: 1569-1571, 1991.

37. Small, P.L.; Falkow, S. Development of a DNA probe for the virulence
plasmid of Shigella spp. and enteroinvasive Escherichia coli, p.121-
124, 1986.

38. Tacket, C.O.; Moseley, S.L.; Kay, B.; Losonsky, G.; Levine, M.M.
Challenge studies in volunteers using Escherichia coli strains with
diffuse adherence to HEp-2 cells. J. Infect. Dis., 162: 550-552, 1990.

39. Toledo, M.R.F.; Fontes, C.F.; Trabulsi, L.R. MILi-um meio para
realização dos testes de motilidade, indol e lisina descarboxilase. Rev.
Microbiol., 13: 230-235, 1982.

40 . Toledo, M.R.F.; Alvariza, M.C.B.; Murahovschi, J.; Ramos,
S.R.T.S.; Trabulsi, L.R. EnteropathogenicEscherichia coli serotypes
and endemic diarrhea in infants. Infect. Immun., 39: 586-589,
1983.

41. Trabulsi, L.R.; Manissadjan, A.; Penna, H.A.O.; Liberatore, R.;
Duailibe, L.; De Camargo, B.; Peixoto, E.S. Diarreias infantis por
colibacilos enteropatogenicos. Rev. Inst. Med. Trop. São Paulo, 3:
267-270, 1961.

42. Vial, P.A.; Robins-Browne, R.; Lior, H.; Prado, V.; Nataro, J.P.;
Maneval, D.; Elsayed, A.; Levine, M.M. Characterization of
enteroadherent-aggregative Escherichia coli, a putative agent of
diarrheal disease. J. Infect. Dis., 158: 70-79, 1988.

43. Wanke, C.A.; Schorling, J.B.; Barret, L.J.; Desouza, M.A.; Guerrant,
R.L. Potential role of adherence traits of Escherichia coli in persistent
diarrhea in an urban Brazilian slum. Pediatr. Infect. Dis. J., 10: 746-
751, 1991.


