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The correlation between various adherence patterns and adherence-related DNA sequences in Escherichia
coli isolates from 1- to 4-year-old children with and without diarrhea in São Paulo, Brazil, was evaluated. A
total of 1,801 isolates obtained from 200 patients and 200 age-matched controls were studied. The adherence
patterns found were classified as diffuse, aggregative, aggregative in a 6-h assay, aggregative predominantly in
coverslips, localized, localized-like, and noncharacteristic. In general, the DNA sequences used as probes
showed excellent specificities (>93%), but their sensitivities varied. Thus, the results of bioassays and assays
with DNA probes normally used to search for adherent E. coli did not correlate well, and the best method for
the identification of these organisms in the clinical research setting remains controversial. Isolates presenting
diffuse adherence or hybridizing with the related daaC probe, or both, were by far the most frequent in patients
(31.5, 26.0, and 23.0%, respectively), followed by isolates presenting aggregative adherence or hybridizing with
the related EAEC probe, or both (21.5, 13.0, and 10.5%, respectively). None of the different combinations of
adherence patterns and adherence-related DNA sequences found were associated with acute diarrhea.

The first step in the establishment of the diarrheal diseases
caused by the various categories of diarrheagenic Escherichia
coli is adherence to epithelial cells of the intestinal mucosa. In
vitro assays with eukaryotic cell lines (HeLa and HEp-2 cells)
have identified three distinct adherence patterns among fecal
isolates of E. coli: localized, diffuse, and aggregative (37, 38,
41). Localized adherence (LA) is characterized by formation of
bacterial microcolonies on a restricted area(s) of the cell sur-
face, while diffuse adherence (DA) is the scattered attachment
of bacteria over the whole surface of the cell (41). The pattern
of aggregative adherence (AA) consists of bacterial attach-
ment to the cells and the intervening cell growth surface in a
stacked brick-like lattice (37).

The LA pattern was first detected in strains classified as
enteropathogenic E. coli (EPEC) among serogroups associated
with outbreaks of infantile diarrhea (41). Although E. coli
strains exhibiting DA (DAEC) have been isolated at similar
frequencies from feces of infants and young children with
acute diarrhea and nondiarrheic controls in some populations
(3, 10, 11, 14, 18), they were significantly associated with diar-
rhea in other settings (1, 17, 24, 29, 33). E. coli strains showing
AA, termed enteroaggregative E. coli (EAEC), have been
linked to sporadic persistent diarrhea (3, 4, 7, 10, 13, 26, 27, 44)
and to outbreaks of diarrhea in both developing and developed
countries (8, 12, 28, 43). However, the role of EAEC in acute
diarrhea is still controversial: some studies have shown a cor-

relation (7, 23, 25, 27, 34, 37), but others (1, 3, 6, 10, 11, 13–15,
17, 18, 24, 26, 29, 33, 44) have not.

DNA probes derived from adherence-related sequences
have been constructed (2, 5, 16, 31, 36) and used in hybridiza-
tion assays for the detection of the different established and
putative categories of diarrheagenic E. coli in many epidemi-
ological studies.

We evaluated the relationship between the LA, DA, and AA
patterns and hybridization with adherence-related DNA se-
quences and tested children 1 to 4 years old with and without
acute diarrhea for the presence of adherent E. coli strains.

MATERIALS AND METHODS

Patients. Rectal swab specimens were collected from 200 children with acute
(#7 days) diarrhea (patients) and 200 children who had not had any gastroin-
testinal signs or symptoms during the 30 days prior to collection (controls). These
children were selected by a computer-generated random-number table from
among 505 patient-control pairs obtained for a study on the etiology of acute
diarrheal diseases (19). The population analyzed consisted of children visiting
the emergency room of the Hospital Infantil Menino Jesus, São Paulo, Brazil, for
medical attention between April 1989 and March 1990; most children were of
low socioeconomic status. Controls were matched with case patients in the
following age groups: 12 to 23, 24 to 35, and 36 to 59 months.

Microbiologic methods. Adenovirus, Aeromonas spp., thermophilic Campy-
lobacter, Salmonella spp., Shigella spp., Yersinia enterocolitica, and rotavirus were
searched for by standard methods (20, 30). Five lactose-fermenting and any
non-lactose-fermenting colonies typical of E. coli were selected from the isola-
tion plates. Biochemically confirmed E. coli isolates were stored in 15.0% glyc-
erol at 270°C. All E. coli isolates were tested with specific DNA probes designed
to detect enterotoxigenic E. coli (ETEC) (LT-I, LT-II, ST-Ip, ST-Ih, and ST-II
probes), enteroinvasive E. coli (EIEC) (Inv probe), and Shiga-toxin-producing E.
coli (STEC) (Stx1 and Stx2 probes), as described previously (22).

HeLa cell adherence assays. The HeLa cell adherence assays were performed
as described by Cravioto et al. (9) with HeLa cells grown to 60% confluence and
a single infection period of 3 h. Weakly adherent and nonadherent isolates were
retested by the same method with an additional incubation period of 3 h (6-h
assay) (9). The following E. coli strains were included as controls: E2348/69 (LA)
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(36), C1845 (DA) (5), and 0431-4/85 (AA) (18). Strains were tested in duplicate
and were examined blindly by immersion microscopy.

Search for adherence-related DNA sequences in E. coli. The following specific
DNA probes were used: daaC (associated with the biogenesis of F1845, a fim-
brial adhesin involved in DA), a 350-bp PstI fragment of pSLM852 (5); EAEC
(EAEC adherence plasmid), a 1-kb EcoRI-PstI fragment of pCVD432 (2); EAF
(EPEC adherence factor), a 1-kb BamHI-SalI fragment derived from plasmid
pMAR2 (36); bfpA (encoding the subunits of a fimbrial adhesin of EPEC strains,
termed the bundle-forming pilus), an 852-bp EcoRI fragment of pMSD207 (16);
and eaeA (encoding intimin, an outer membrane protein involved in the attach-
ing-effacing lesions promoted by EPEC and some STEC strains), a 1-kb SalI-
KpnI fragment from plasmid from pCVD434 (31). The fragment probes were
labeled with [a-32P]dATP and used in colony hybridization assays performed
under stringent conditions as described by Maas (35).

Statistical analysis. Analysis of patients and controls maintained the matched
pairs and used the Pike-Morrow adaptation of the Mantel-Haenszel test to
calculate P values (42). Epi-Info 6.02 was used to perform the calculations.

RESULTS
E. coli adherence to HeLa cells. The adherence patterns of

273 isolates could not be determined because they promoted
complete detachment of the HeLa cell monolayers in the 3-h
assays. Among the remaining 1,801 E. coli isolates tested (879
from patients and 922 from controls), 47.0% were nonadherent
(NA; i.e., sparse bacteria adhering to ,1% of the cells in the
6-h assay). The adherence patterns of the other isolates are
presented in Table 1.

The degree and frequency of DA varied, but this pattern
could always be detected in the 3-h assay. Regarding the AA
pattern, 3 types were detected: typical AA, AA that could be
clearly discerned only in the 6-h assay (AA6h), and AA pre-
dominantly in coverslips (AAcs). The typical LA adherence
pattern was characterized by one to three tight bacterial clus-
ters per cell on 75 to 100% of the cells. An LA-like (LAL)
pattern of adherence (40), characterized by loose and compact
clusters of bacteria on 1 to 45% of the cells, was detected in the
6-h assay for some isolates that presented an undefined pattern
in the 3-h assay. Moreover, some isolates presented adherence
patterns distinct from those described in the literature; the
adherence patterns of these isolates were classified as nonchar-
acteristic (NC).

Correlation between adherence patterns and hybridization
with adherence-related DNA probes. The relationship between
the distinct adherence patterns detected and hybridization with
specific DNA probes found in this study is presented in Table
1. The daaC probe reacted with 202 of 321 isolates with DA
(sensitivity, 62.9%) and with 99 isolates that were NA or that
presented adherence patterns distinct from DA (specificity,
93.3%). The EAEC probe detected 190 of the 256 isolates with
AA and 5 of the 132 isolates with AAcs (sensitivity, 47.0%) and
reacted with only 29 isolates showing none of the different AA
types (specificity, 97.9%). The eaeA probe reacted with all iso-

lates with LA and LAL (sensitivity, 100.0%) and with 60 non-
LA- and non-LAL-producing isolates (specificity for the detec-
tion of LA- and LAL-producing E. coli, 96%). All isolates with
LA hybridized with the EAF and bfpA probes, whereas none of
the isolates with LAL reacted with the EAF probe, and only
five (35.7%) isolates reacted with the bfpA probe. Most (60.3%)
of the 273 cytodetaching isolates did not hybridize with any of
the probes used.

Prevalence of adherence patterns and adherence-related
DNA sequences in patients and control children. The distribu-
tion of the E. coli isolates showing different patterns of adher-
ence or related DNA sequences in patients and controls is
presented in Table 2. Approximately 50% of the children stud-
ied carried more than one type of isolate. The statistical anal-
ysis of the association with diarrhea was performed for those
children in whose stools none of the other pathogens were
identified (adenovirus, Aeromonas, Campylobacter, EIEC, ETEC,
rotavirus, Salmonella, Shigella, and STEC).

None of the adherence patterns detected was associated
with acute diarrhea. DA was the most frequent pattern among
isolates from both patients and controls (31.5 versus 28.5%),
followed by AA (21.5 versus 19.0%) and AAcs (12.5 versus
15.0%). Likewise, none of the adherence-related DNA se-
quences were associated with acute diarrhea. Isolates carrying
daaC were the most frequent among the patients and controls
(26.0 versus 21.0%). Similarly, none of the different combina-
tions of adherence patterns and related DNA sequences were
associated with diarrhea (Table 3). Isolates carrying daaC and
producing DA (23.0%) and EAEC-positive isolates producing
AA (10.5%) were the most frequent in patients.

DISCUSSION

In this study we analyzed the correlation between different
adherence patterns and the presence of adherence-related
DNA sequences in E. coli isolates from diarrheic and control
children. The adherence-related DNA probes used showed
excellent specificities (.93.0%), but their sensitivities varied.
The low sensitivities of the daaC and EAEC probes found in
this study (62.9 and 47.0%, respectively) are in accordance with
those found in other field studies and confirms the heteroge-
neous nature of the DAEC and EAEC categories (2, 11, 13, 17,
29). It is interesting that none of the isolates that showed AA6h
reacted with the EAEC probe; whether these isolates comprise
a homogeneous population remains to be established. Further-
more, all 56 isolates that were both EAEC and daaC positive
produced AA but not DA, and the significance of daaC in
these isolates is under investigation. All isolates with LA car-
ried eaeA, bfpA, and EAF, whereas all isolates with LAL car-

TABLE 1. Relationship between hybridization with DNA probes for adherence-related sequences and patterns of adherence to
HeLa cells of E. coli isolated from children with and without diarrhea

Adherence
patterna

No. of
isolates

No. (%) of isolates that hybridized with the following DNA probe(s):

daaC only EAEC only daaC and EAEC daaC and eaeA eaeA only eaeA and bfpA eaeA, EAF, and bfpA None

DA 321 197 (61.4) 0 0 5 (1.5) 0 0 0 119 (37.1)
AA (typical) 256 0 134 (52.3) 56 (21.9) 0 0 0 0 66 (25.8)
AA6h 27 0 0 0 0 0 0 0 27 (100)
AAcs 132 3 (2.3) 5 (3.8) 0 0 3 (2.3) 0 0 121 (91.6)
LA (typical) 22 0 0 0 0 0 0 22 (100) 0
LAL 14 0 0 0 0 9 (64.3) 5 (35.7) 0 0
NC 183 2 (1.1) 2 (1.1) 0 7 (3.8) 41 (22.4) 2 (1.1) 0 128 (70.5)
NA 846 30 (3.6) 26 (3.1) 1 (0.1) 0 2 (0.2) 0 0 788 (93.0)

Total 1,801 232 167 57 12 55 7 22 1,249
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ried eaeA (100.0%) and occasionally bfpA (35.7%). So far, the
distribution of bfpA has not been extensively analyzed, but this
probe is considered to be more sensitive than the EAF probe
in detecting LA-producing E. coli (16). However, our data
suggest that both probes are equally sensitive in detecting LA.

The different combinations of adherence patterns and ad-
herence-related sequences found in this study demonstrated
that the results obtained with the DNA probes and by the
bioassays normally used to search for DAEC and EAEC do
not correlate well. Moreover, although adherence to HEp-2

TABLE 2. Association between the different patterns of adherence and the adherence-related DNA sequences in
E. coli and acute diarrhea in 200 patients and 200 age-matched controls

E. coli property

No. (%) of children Association with acute
diarrheaPatients Controls

Total Single pathogena Total Single pathogen Odds ratiob P value

Pattern of adherencec

DA 63 (31.5) 17 (8.5) 57 (28.5) 23 (11.5) 0.73 0.45
AA 43 (21.5) 16 (8.0) 38 (19.0) 18 (9.0) 0.89 0.89
AA6h 4 (2.0) 2 (1.0) 7 (3.5) 5 (2.5) 0.40 0.45
AAcs 25 (12.5) 13 (6.5) 30 (15.0) 15 (7.5) 0.86 0.86
LA 5 (2.5) 1 (0.5) 2 (1.0) 1 (0.5) 1.00 0.48
LAL 3 (1.5) 1 (0.5) 1 (0.5) 1 (0.5) 1.00 0.48

Hybridization with the following
DNA probe:

daaC 52 (26.0) 12 (6.0) 42 (21.0) 7 (3.5) 1.71 0.37
EAEC 26 (13.0) 9 (4.5) 34 (17.0) 17 (8.5) 0.53 0.19
daaC 1 EAEC 10 (5.0) 3 (1.5) 11 (5.5) 2 (1.0) 1.50 1.00
daaC 1 eaeA 5 (2.5) 1 (0.5) 0 0 1/0 1.00
eaeA 16 (8.0) 3 (1.5) 10 (5.0) 5 (2.5) 0.60 0.72
eaeA 1 bfpA 0 0 3 (1.5) 2 (1.0) 0.00 0.48
eaeA 1 EAF 1 bfpA 5 (2.5) 1 (0.5) 2 (1.0) 1 (0.5) 1.00 0.48

a Single pathogen, any pair in which none of the other pathogens identified, i.e., adenovirus, Aeromonas, Campylobacter, EIEC, ETEC, rotavirus, Salmonella, Shigella,
and STEC, were found.

b Number of pairs with a single putative pathogen in which the adherence factor was reported in the case patient but not in the control divided by number of pairs
in which the adherence factor was reported in the control but not the case patient.

c Cell-detaching E. coli strains and E. coli strains with an NC pattern of adherence were excluded from this analysis.

TABLE 3. Prevalence of different patterns of adherence combined with adherence-related DNA sequences in
E. coli isolated from 200 children with acute diarrhea and 200 age-matched controlsa

Pattern of
adherence DNA probe

No. (%) of children Association with acute
diarrheaPatients Controls

Total Single pathogenb Total Single pathogen Odds ratioc P value

DA daaC 46 (23.0) 10 (5.0) 38 (19.0) 7 (3.5) 1.43 0.64
daaC 1 eaeA 2 (1.0) 0 0 0

AA EAEC 21 (10.5) 8 (4.0) 26 (13.0) 13 (6.5) 0.62 0.40
daaC 1 EAEC 10 (5.0) 3 (1.5) 10 (5.0) 2 (1.0) 1.50 1.00

AAcs daaC 0 0 2 (1.0) 0
EAEC 1 (0.5) 0 3 (1.5) 1 (0.5) 0.00 1.00
eaeA 0 0 2 (1.0) 1 (0.5) 0.00 1.00

LA eaeA 1 EAF 1 bfpA 5 (2.5) 1 (0.5) 2 (1.0) 1 (0.5) 1.00 0.48

LAL eaeA 3 (1.5) 1 (0.5) 0 0 1/0 1.00
eaeA 1 bfpA 0 0 1 (0.5) 1 (0.5) 0.00 1.00

NC daaC 1 (0.5) 0 1 (0.5) 0
EAEC 2 (1.0) 0 0 0
eaeA 13 (6.5) 2 (1.0) 6 (3.0) 4 (2.0) 0.50 0.68
daaC 1 eaeA 3 (1.5) 1 (0.5) 0 0 1/0 1.00
eaeA 1 bfpA 0 0 2 (1.0) 1 (0.5) 0.00 1.00

a Cell-detaching and nonadherent E. coli strains were excluded from this analysis.
b Single pathogen, any pair in which none of the other pathogens identified, i.e., adenovirus, Aeromonas, Campylobacter, EIEC, ETEC, rotavirus, Salmonella, Shigella,

and STEC, were found.
c Number of pairs with a single putative pathogen in which the adherence factors were reported in the case patient but not in the control divided by number of pairs

in which the adherence factors were reported in the control but not the case patient.
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and HeLa cells has been used as the “gold standard” assay for
the detection of these categories of isolates, variations in the
AA (29, 32) and LA (22, 40) patterns are occasionally re-
ported, and thus, the best method of identifying these organ-
isms in the clinical research setting remains controversial.

None of the different adherence patterns or adherence-re-
lated DNA sequences, or a combination of both, were associ-
ated with acute diarrhea in children 1 to 4 years old in São
Paulo. This lack of association was observed even when the
data for any of the three age groups studied (12 to 23, 24 to 35,
and 36–59 months) were analyzed (data not shown).

The children studied here were selected from a larger pop-
ulation in which Shigella and rotavirus were the most frequent
pathogens found (19). Although DAEC and EAEC were very
frequently found in these children, they were not associated
with acute diarrhea, suggesting that both categories are heter-
ogeneous and each comprises pathogenic and nonpathogenic
strains or that the high level of asymptomatic carriage of
DAEC and EAEC, often observed with other well-established
enteropathogens (20), masks an association with the disease in
our population. The low incidence of E. coli with LA found in
this study is probably due to differences in the risk factors that
these children have (39), since LA is mainly detected among
strains of EPEC serotypes, which prevail in the first year of life
(21).
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Estado de São Paulo (FAPESP), Conselho Nacional de Desenvolvi-
mento Cientı́fico e Tecnológico (CNPq), and Financiadora de Estudos
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Núcleos de Excelência (FINEP/MCT/PRONEX).

REFERENCES

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

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

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

4. Bhan, M. K., V. Khoshoo, H. Sommerfelt, P. Raj, S. Sazawal, and R. Sriv-
astava. 1989. Enteroaggregative Escherichia coli and Salmonella associated
with nondysenteric persistent diarrhea. Pediatr. Infect. Dis. J. 8:499–502.

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

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

7. Chan, K. N., A. D. Philips, S. Knutton, H. R. Smith, and J. A. Walker-Smith.
1994. Enteroaggregative Escherichia coli: another cause of acute and chronic
diarrhea in England? J. Pediatr. Gastroenterol. Nutr. 18:87–91.

8. Cobeljic, M., B. Miljkovic-Selimovic, D. Paunovic-Todosijevic, Z. Velickovic,
Z. Lepsanovic, N. Zec, D. Savic, R. Ilic, S. Konstantinovic, B. Jovanovic, and
V. Kostic. 1996. Enteroaggregative Escherichia coli associated with an out-
break of diarrhea in a neonatal nursery ward. Epidemiol. Infect. 117:11–16.

9. Cravioto, A., R. J. Gross, S. M. Scotland, and B. Rowe. 1979. An adhesive
factor found in strains of Escherichia coli belonging to the traditional infan-
tile enteropathogenic serotypes. Curr. Microbiol. 3:95–99.

10. Cravioto, A., A. Tello, A. Navarro, J. Ruiz, H. Villafan, F. Uribe, and C.
Eslava. 1991. Association of Escherichia coli HEp-2 adherence patterns with
type and duration of diarrhoea. Lancet i:262–264.

11. Echeverria, P., O. Serichantalerg, S. Changehawalit, B. Baudry, M. M.

Levine, F. Orskov, and I. Orskov. 1992. Tissue culture-adherent Escherichia
coli in infantile diarrhea. J. Infect. Dis. 165:141–143.

12. Eslava, C., J. Villaseca, R. Morales, A. Navarro, and A. Cravioto. 1993.
Identification of a protein with toxigenic activity produced by enteroaggre-
gative Escherichia coli, abstr. B-105, p. 44. In Abstracts of the 93rd General
Meeting of the American Society for Microbiology 1993. American Society
for Microbiology, Washington, DC.

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

14. Forestier, C., M. Meyer, S. Favre-Bonte, C. Rich, G. Malpuech, C. Le
Bougenec, J. Sirot, B. Joly, and C. de Champs. 1996. Enteroadherent Esch-
erichia coli and diarrhea in children: a prospective case-control study. J. Clin.
Microbiol. 34:2897–2903.
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22. Gonçalves, A. G., L. C. Campos, T. A. T. Gomes, J. Rodrigues, V. Sperandio,
T. S. Whittam, and L. R. Trabulsi. 1997. Virulence properties and clonal
structures of strains of Escherichia coli O119 serotypes. Infect. Immun. 65:
2034–2040.
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Schael. 1997. Age-specific prevalence of Escherichia coli with localized and
aggregative adherence in Venezuelan infants with acute diarrhea. J. Clin.
Microbiol. 35:1103–1107.

24. Gunzburg, S. T., B. J. Chang, S. J. Elliott, V. Burke, and M. Gracey. 1993.
Diffuse and enteroaggregative patterns of adherence of enteric Escherichia
coli isolated from aboriginal children from the Kimberley region of Western
Australia. J. Infect. Dis. 167:755–758.

25. Haider, K., S. M. Faruque, N. S. Shahid, M. J. Albert, S. Nahar, A. Malek,
S. Tzipori, and A. N. Alam. 1991. Enteroaggregative Escherichia coli infec-
tions in Bangladeshi children: clinical and microbiological features. J. Diar-
rheal Dis. 9:318–322.

26. Henry, F. J., A. S. Udoy, C. A. Wanke, and K. M. A. Aziz. 1992. Epidemiology
of persistent diarrhea and etiologic agents in Mirzapur, Bangladesh. Acta
Paediatr. Suppl. 381:27–31.

27. Huppertz, H. I., S. Rutkowski, S. Aleksic, and H. Karch. 1997. Acute and
chronic diarrhoea and abdominal colic associated with enteroaggregative
Escherichia coli in young children living in western Europe. Lancet 349:1660–
1662.

28. Itoh, Y., I. Nagano, M. Kunishima, and T. Ezaki. 1997. Laboratory investi-
gation of enteoaggregative Escherichia coli O untypable:H10 associated with
a massive outbreak of gastrointestinal illness. J. Clin. Microbiol. 35:2546–
2550.

29. Jallat, C., V. Livrelli, A. Darfeuille-Michaud, C. Rich, and B. Joly. 1993.
Escherichia coli strains involved in diarrhea in France: high prevalence and
heterogeneity of diffusely adhering strains. J. Clin. Microbiol. 31:2031–2037.

30. Janda, J. M., and P. S. Duffey. 1988. Mesophilic Aeromonas in human
disease: current taxonomy, laboratory identification, and infectious disease
spectrum. Rev. Infect. Dis. 10:980–995.

31. Jerse, A. E., J. Yu, B. Tall, and J. B. Kaper. 1990. 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.

3612 GOMES ET AL. J. CLIN. MICROBIOL.



32. Knutton, S., K. S. Robert, K. B. Maharaj, H. R. Smith, M. M. McConnel, T.
Cheasty, P. H. William, and T. J. Baldwin. 1992. Ability of enteroaggregative
Escherichia coli strains to adhere in vitro to human intestinal mucosa. Infect.
Immun. 60:2083–2091.

33. Levine, M. M., C. Ferreccio, V. Prado, M. Cayazzo, P. Abrego, J. Martinez,
L. Maggi, M. M. Baldini, W. Martin, D. Maneval, B. Kay, L. Guers, H. Lior,
S. S. Wasserman, and J. P. Nataro. 1993. Epidemiologic studies of Esche-
richia coli diarrheal infections in a low socio-economic level peri-urban
community in Santiago, Chile. Am. J. Epidemiol. 138:849–869.

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

35. Maas, R. 1983. An improved colony hybridization method with significantly
increased sensitivity for detection of signal genes. Plasmid 10:296–298.

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

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

38. Nataro, J. P., I. C. A. Scaletsky, J. B. Kaper, M. M. Levine, and L. R.
Trabulsi. 1985. Plasmid-mediated factors conferring diffuse and localized

adherence of enteropathogenic Escherichia coli. Infect. Immun. 48:378–383.
39. Ramos, S. R. T. S. 1996. Risk factors for EPEC infections. Rev. Microbiol.

São Paulo 27(Suppl. 1):34–39.
40. Rodrigues, J., I. C. A. Scaletsky, L. C. Campos, T. A. T. Gomes, T. S.

Whittam, and L. R. Trabulsi. 1996. Clonal structure and virulence factors in
strains of Escherichia coli of the classic serogroup O55. Infect. Immun. 64:
2680–2686.

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

42. Schlesselman, J. J. 1982. Basic methods of analysis, p. 171–220. In J. J.
Schlesselman (ed.), Case-control studies: design, conduct, analysis. Oxford
University Press, Inc., New York, N.Y.

43. Scotland, S. M., H. R. Smith, B. Said, G. A. Willshaw, T. Cheasty, and B.
Rowe. 1991. Identification of enteropathogenic Escherichia coli isolated in
Britain as enteroaggregative or as members of a subclass of attaching-and-
effacing E. coli not hybridising with the EPEC adherence-factor probe.
J. Med. Microbiol. 35:278–283.

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

VOL. 36, 1998 ADHERENCE PROPERTIES IN FECAL E. COLI 3613


