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A retrospective case-control study with a small population group revealed that, among clinical signs,
vomiting but not diarrhea was significantly associated with the presence of diffusely adhering Escherichia coli
(DAEC) in children suffering from gastroenteritidis (P < 0.05). Of the children carrying DAEC strains, those
who were F1845 DNA probe positive had a significantly longer hospital stay than those who were F1845 DNA
probe negative. We believe that the heterogeneity of DAEC strains is responsible for the discrepant results
concerning their involvement in disease and that only some of these strains are really pathogenic for children.

Although recent epidemiological studies have shown a high
prevalence of diffusely adhering Escherichia coli (DAEC)
strains among strains isolated from diarrheal stools (7, 8), their
involvement is still a matter of debate. Their pathogenic nature
has not been demonstrated in challenge studies with adult
volunteers (11), and discrepant results concerning their asso-
ciation with diarrhea have been obtained. While a greater
percentage of DAEC was isolated from diarrheal stools from
children in Mexico and Bangladesh than from controls (1, 4, 6,
10), no significant association was found in studies performed
in Chile, Brazil, and Thailand (2, 3, 5, 9).
One of the possible reasons for these differences is the

criteria used to assign a strain to the DAEC category. Most
studies used a pattern of adherence to either HEp-2 or HeLa
cells as a classification method (1, 2, 5, 6, 10). However, when
both adhesion assays and hybridization with specific DNA
probes are performed, not all the E. coli strains adhering to
cells in culture are detected by the hybridization procedure (4),
suggesting that the DAEC group is heterogeneous.
In this study, we compared the clinical signs of a small group

of children from whom only DAEC strains were isolated with
those of patients without any potential enteropathogen. All the
children selected were hospitalized in the gastroenterology
unit of the pediatric ward of a hospital in Clermont-Ferrand,
France. The DAEC strains isolated from the stools were pre-
viously characterized by pattern of adherence to HEp-2 cells
and DNA hybridization with the E. coli F1845 daaC probe (8).
The main aim of this study was to determine if the presence of
DAEC (daaC-positive and daaC-negative) strains in children’s
stools was significantly associated with clinical features and
thereby to assess the clinical impact of DAEC strains.
The subjects were children between the ages of 1 month and

14 years hospitalized for digestive disorders between 1989 and
1992. An initial selection of 39 individuals whose stools con-
tained no recognized bacterial, viral, or protozoal pathogens
was made. A DAEC strain was isolated by the HEp-2 adher-
ence assay as previously described (8) from 24 of these chil-

dren, who were included in the study as case patients, while the
remaining 15 with DAEC-negative isolates were used as con-
trols. Of the 24 DAEC-positive isolates, 13 hybridized with the
daaC DNA probe.
The interviewing and specimen collection team consisted of

trained medical personnel from Clermont-Ferrand hospitals.
Diarrhea was defined as three or more abnormally loose stools
per day for at least 3 days. The presence of blood in stools was
determined by macroscopical examination. An episode was
considered persistent if it continued for $14 days. Age, symp-
toms, and clinical signs were recorded on charts. Fever was
defined as an oral temperature of .37.88C (.1008F). Dehy-
dration was defined by clinical characteristics, e.g., tacky mu-
cous membranes, sunken eyes or fontanelle, and poor skin
turgor. The percentage of dehydration was obtained by com-
paring body weights before and after the diarrheal episode.
Additional demographic, clinical, and exposure information
was obtained. Communities with fewer than 2,000 inhabitants
were considered rural. Dietary habits during the 2 weeks be-
fore hospitalization, such as a lactose-free and/or cow milk
protein-free and/or gluten-free and/or low-residue diet, were
recorded.
Statistical analysis was done by the t test, the x2 test, or

Fisher’s exact test, with Epi-Info, version 5, software. The odds
ratios were used to estimate the relative risks, and the 95%
confidence interval was determined as described by Robins
(10a).
A total of 37% of the DAEC strains were isolated from

stools from children older than 18 months, and 46% of the
DAEC-positive patients were female (Table 1). Although
higher than those for controls (children without DAEC
strains), these numbers were not significant (P 5 0.4). No
difference was noticed when environments were compared:
37% of the case patients lived in rural areas versus 47% of the
controls. Four of the children carrying DAEC strains suffered
from previous digestive diseases and were on a therapeutic
diet. Two children with a lactose-free diet were among the
DAEC carriers.
The comparison of clinical signs in children carrying DAEC

and those in controls showed that the presence of DAEC was
significantly associated with vomiting (P , 0.05) (Table 1).
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There was no association of DAEC and diarrhea, although the
number of children with more than four stools per day was
much higher for DAEC carriers than for controls (30% versus
7%). Published reports yield conflicting results concerning the
association of DAEC with diarrhea (1–6, 9, 10). In a previous
study performed by Jallat et al. (8), a significant association
between the presence of DAEC in stools and diarrheal syn-
dromes was detected. Both adults and children were included,
and no age stratification was made. When only children ,14
years old were considered, this association was no longer sig-
nificant; diarrhea defined as $3 stools per 24 h for 3 days
occurred in 61% of the DAEC-positive children and 47% of
the DAEC-negative children (P 5 0.5). Few studies of the
involvement of DAEC in diarrhea including different age
groups have been conducted; Gunzburg et al. showed that
there was a significant association for children#18 months old
but not for younger ones (6). Because of the limited number of
patients in this study, we could not differentiate children by age
and determine the statistical association between diarrhea and
the presence of DAEC in each group.
Fever and dehydration were as frequent in patients as in

controls. However, the two children with .10% dehydration
were DAEC positive. The association of DAEC with clinical
signs other than diarrhea has been poorly documented. Giron
et al. (4) noted that fever and vomiting were associated with 29
and 36%, respectively, of the cases of DAEC in a study of
Mayan children. It is likely that many different DAEC clones

coexist, all of them exhibiting the diffusely adherent phenotype
in tissue culture assays, and that only one subpopulation is
pathogenic. For these reasons, the use of DNA probes, which
is a more reliable method than the very subjective adhesion
assay, should be a priority in DAEC detection.
Of the 24 DAEC strains, 13 hybridized with the daaC probe.

A comparison of the general data and clinical signs for the 13
DAEC daaC-positive and the 11 DAEC daaC-negative pa-
tients revealed that only the duration of the hospital stay was
significantly different. Children with DAEC daaC-positive
strains were hospitalized for a mean duration of 15 days com-
pared with 5 days for children with DAEC daaC-negative
strains (P 5 0.01). The carrying of DAEC was therefore sig-
nificantly associated with mean illness duration, which suggests
a potential pathogenic role for these bacteria. This study has
been realized with a small population group (25 patients and
15 controls). Further studies including a larger and more het-
erogeneous population will be designed to substantiate the
involvement of DAEC in clinical signs other than diarrhea
associated with digestive disorders.
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TABLE 1. General data and clinical signs associated
with children carrying DAEC

Characteristic

No. of
children (%)

RRa CIb P
Patients
(n 5 24)

Controls
(n 5 15)

Age, .18 months 9 (37) 3 (20) 1.9 0.6–5.8 0.4

Sex, female 11 (46) 4 (27) 1.7 0.7–4.4 0.4

Rural 9 (37) 7 (47) 1.9 0.6–5.8 0.3

Diet 6 (25) 0 NDc ND 0.06

Previous digestive disease 4 (17) 0 ND ND 0.1

Diarrhea
$3 stools/day 14 (61) 7 (47) 1.3 0.7–2.4 0.5
.4 stools/day 7 (30) 1 (7) 4.4 0.6–32.1 0.2
.14 days 6 (25) 1 (7) 3.8 0.5–28.2 0.2

Fever 10 (42) 6 (40) 1.0 0.5–2.3 0.9

Vomiting 13 (54) 1 (7) 8.1 1.2–55.9 0.003

Dehydration 11 (48) 5 (33) 1.4 0.6–3.3 0.6
,5% 5 (22) 3 (20) 1.0 0.3–3.74 1
5 to 10% 4 (17) 2 (13) 1.3 0.2–16.3 1
.10% 2 (9) 0 ND ND 0.3

Stay duration of $7 days 9 (37) 7 (47) 1.2 0.7–2.0 0.6

a RR, relative risk.
b CI, 95% confidence interval.
c ND, not determined.
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