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Association of IL-8-Inducing Strains of Diffusely Adherent Escherichia coli
with Sporadic Diarrheal Patients with Less Than 5 Years of Age

Ismail Mustafa Meraz1, Kentaro Arikawa1, Hiromi Nakamura1,2, Jun Ogasawara2, Atsushi Hase2 and Yoshikazu Nishikawa1

1Department of Food and Human Health Sciences, Graduate School of Human Life Science, Osaka City University; 2Department of
Microbiology and Health, Osaka City Institute of Public Health and Environmental Sciences; Osaka, Japan

The role of diffusely adherent Escherichia coli (DAEC) in diarrheal disease has been controversial. However, DAEC
strains were recently implicated in diarrheal disease in developing countries. To clarify whether DAEC are prevalent
among sporadic cases of diarrheal illness in Osaka City, Japan, E. coli strains isolated between July 1997 and March
2000 during diarrheagenic E. coli (DEC) investigation were retrospectively examined. DAEC strains were recognized
among 41 (4.4%) of 924 patients and formed the biggest subgroup of DEC. Previously, we reported that some DAEC
strains caused epithelial cells to secrete as much IL-8 as enteroaggregative E. coli strains did. In this study, we
attempted to evaluate epidemiologically whether the ability of DAEC to induce IL-8 was involved in the pathogenesis.
Relationship among patient age, symptoms, Afa adhesins, season and IL-8 induction were examined. The subgroup
of DAEC that possessed Afa genes and/or induced a high level of IL-8 was significantly prevalent among patients age
1 to 4 years; however total DAEC was not significantly high among the children compared to other age group. IL-8
inducing DAEC seems to play a role in causing sporadic diarrheal illnesses, particularly in pediatric fields.
Investigations highlighting the relationship between IL-8 induction and enteropathogenicity are clearly necessary
to confirm the role of DAEC in infectious enteritis.
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Escherichia coli is the predominant facultative anaerobe
of the normal colon flora. However, particular clones can cause
diarrheal disease. The diarrheagenic E. coli (DEC) are classified
according to pathogenesis as enteropathogenic E. coli (EPEC),
enterotoxigenic E. coli (ETEC), enteroinvasive E. coli (EIEC),
enterohemorrhagic E. coli (EHEC), and enteroaggregative E.
coli (EAEC) [1].

Diffusely adherent E. coli (DAEC) has recently been recognized
as the sixth class of DEC [2,3]. DAEC are defined as E. coli that
possess no typical markers for other categories of diarrheagenic
E. coli and that uniformly adhere to the entire surface of HEp-2
cells or HeLa cells. However, etiological role of DAEC strains in
diarrheal disease has been controversial [4-6]. DAEC are probably
comprised of heterogeneous groups of organisms with variable
virulence because of the definition; it is unlikely that the ability to
adhere to HEp-2 cells per se ensures enteropathogenicity.

It was reported that some DAEC strains use afimbrial
adhesive sheaths (Afa) as a colonization factor for intestinal
tract infection [4,7,8]. Afa were originally found as the
colonization antigens of uropathogenic E. coli [9]. The Dr
adhesins recognize the Dr antigen, which consists of the
exposed domain of the decay-accelerating factor [10]; Dr
adhesins are encoded on the same gene clusters and are
considered to be subtypes of Afa [11]. DAEC strains can be
classified into two large groups of Afa/Dr and non-Afa/Dr
DAEC before considering their etiological role.

The ability to trigger the secretion of inflammatory
cytokines from mucosal epithelial cells has been suggested
as a virulence factor of pathogens. Diarrheagenic EAEC can
cause a large amount of the proinflammatory chemokine IL-8
to be released from human intestinal epithelial cells. Fecal IL-
8 elevation was suggested to correlate with the severity of
clinical symptoms [12-14]. Previously, we have found that some
DAEC strains also could induce IL-8 as much as EAEC did
[15,16].

In this study, we reviewed retrospectively the prevalence
of DAEC among E. coli strains isolated during the previous
investigation [17]. Given the above-mentioned knowledge
about putative virulent properties of DAEC, their etiological
role is discussed in attempts to correlate patient age, symptoms,
season, Afa/Dr adhesins, and the ability to induce IL-8 because
clinical microbiologists need criteria to predict the
diarrheagenicity of isolated DAEC strains.

Materials and Methods
Bacteria

Stored strains isolated from 924 specimens during the
investigation between July 1997 and March 2000 [17] were
reexamined for DAEC. Adhesion tests to HEp-2 cells in culture
were performed as described before [18]. The DAEC strains
were assigned to subgroups according to the scheme
described by Le Bouguénec et al. [11] and were examined for
their IL-8 induction [15,16]. Twenty-three strains of EAST1EC,
E. coli that does not possess any diarrheagenic characteristics
except the EAEC heat-stable toxin 1 (EAST1) gene, had also
been included as putative DEC in the investigation, because
an outbreak due to EAST1EC O166:H15 occurred in Osaka
City in 1996 [19, 20]. However, three strains (V255, V594, V915)
that had been assigned to the EAST1EC in a previous report
[17] were analyzed as DAEC in this retrospective study since
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their diffuse adhesion on HEp-2 cells was confirmed to be
reproducible. Each strain of O86a (strain V827) and O146 (strain
V422) had been identified as class II EPEC in previous report
[17] because the strains did not react with primers for eae in
PCR, but their O serogroups fit into a scheme of EPEC and
their adhesion to HEp-2 cells suggested their
enteropathogenicity [21]. In this report these two strains were
also classified as DAEC since the organisms had shown
typical diffuse adhesion.

Pulsed Field Gel Electrophoresis
PFGE was performed according to the method of Izumiya

et al. [22].

Statistics
Chi-square for independence test was used for statistical

analysis.

Results
A total of 41 strains of DAEC was identified (Table 1).

DAEC strains were examined for their clonal similarity using
PFGE, and all DAEC strains including those of the same
serogroups showed patterns clearly distinguishable from each
other (data not shown). Classical DEC strains had been
detected from 29 samples (3.1%, 29/924): 15 EPEC, 10 EHEC,
and 4 ETEC [17]. EAEC and EAST1EC were isolated from
other 13 and 20 samples, respectively. By contrast, the DAEC
strains were the largest group of possible pathogens and
accounted for 40% (41/103) of total DEC (Figure 1). DAEC
was 1.3 times more prevalent than all typical DEC (EHEC, EPEC,
and ETEC) among sporadic diarrheal patients in Osaka City.
Recent epidemiological studies have convincingly implicated
DAEC strains as a cause of diarrhea [4,5,23,24]. If all of the
DAEC strains isolated in this study were causative agents,
the morbidity of DAEC infection would be higher than the
total of well-established DEC. If DAEC strains were added to
DEC, the isolation rate of DEC (11.1%, 103/924) would be 1.6
times higher than Salmonella (6.8%, 63/924). However, because
the pathogenicity and virulence factors of DAEC have not
been fully clarified, we hesitated to regard all DAEC strains as
an enteric pathogen.

The overall association of infection with bacterial
pathogens and diarrhea in young children is well recognized.
EPEC and EHEC were significantly prevalent among patients
age 1 to 3 years (Table 2). It was expected that DAEC could be
significantly prevalent among children if the organisms were
diarrheagenic. However, in the present study, total DAEC was
not significantly prevalent in the age group, although several
groups have reported a positive association between DAEC
and diarrhea when studied populations were age stratified
[4,23-26].

We suppose that a subpopulation of DAEC with additional
virulence properties could be diarrheagenic for children. To get
clues concerning enteropathogenicity of DAEC, we attempted
to find children-associated properties of the organisms and

noticed that only the DAEC strains that had Afa/Dr genes and/
or induced high amount of IL-8 were significantly prevalent
among patients age 1 to 4 years (Table 2). The present data
suggest the importance of discerning virulence properties to
diagnose diarrhea attributable to DAEC.

From the standpoint of IL-8 secretion, we searched the
threshold that could produce significant difference between
children and other age group. Strains that caused T84 cells to
secrete more than 9, 12, or 14 ng/mL IL-8 were significantly
prevalent among patients age 1 to 4 years. No significant
difference was observed in the age-stratified distribution of
strains inducing IL-8 less than 9 ng/mL. IL-8-inducing ability
could be a marker to distinguish diarrheagenic strains among
DAEC strains; although, the threshold of IL-8 secretion to
distinguish diarrheagenic DAEC was not established at present
since number of strains were not enough and strains isolated
from healthy persons were not included for the analysis.

The DAEC was composed of 19 strains of Afa/Dr group
and 21 strains of non-Afa/Dr (Table 1). Germani et al. reported
that afa-possessing DAEC strains isolated from 2- to 6-years-
old children were important [8]. Afa/Dr DAEC strains were
found to be significantly prevalent among patients age 1 to 4
years (Table 2, p=0.033), when compared to other age groups
of patients in this study. In the investigation we could not
obtain fecal samples from healthy person as controls.
However, present analysis likely suggests that Afa/Dr DAEC
is involved in diarrheal diseases among young children since
EPEC, a representative enteric pathogen in pediatric fields,
was also detected at significantly high frequency among
young children (Table 2).

Although virulence traits of Afa/Dr DAEC strains were
well described in an excellent review by Servin [2], factors
contributing to IL-8 induction have not yet been clarified.
Diffuse adhesion is presumably insufficient to cause
pathological changes at intestinal sites, and some DAEC
strains that have additional factors can cause epithelial cells
to secrete the chemokine IL-8. In our recent report, we noted
flagella as a potent stimulant of IL-8 induction, particularly in
Afa/Dr DAEC strains [15]; invasion is also likely to play an
important role in non-Afa/Dr DAEC strains in causing epithelial
cells to secrete IL-8 [16].

The major clinical symptom of the patients carrying DAEC
stains was loose or watery diarrhea (Table 1). Mucus and
blood was found among nine patients with DAEC (22%, 9/
41). Vomiting was reported in only four cases in our study;
although, a case-control study reported that DAEC was
significantly associated with vomiting rather than diarrhea
among children [27]. Clinical symptoms of patients from whom
low inducer strains were isolated were not mild compared to
those of the patients infected with high inducers. It is possible
that low inducers, particularly non-Afa strains, were not the
causing agents in those patients.

The cumulative isolation rate of each subgroup of DEC
during this study was  assessed by season (Figure 2).  When
EPEC, ETEC, and EHEC were treated as a group of well-
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Table 1.  List of DAEC strains isolated through the investigation

aB=blood was contained; L=Loose stool; M=Mucus; W=Watery; BD=Bloody diarrhea; AP=Abdominal pain.
bMean of three to four tests. The data are based on our previous reports [15,16].

Prevalence of Diffusely Adherent E. coli
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Figure 1. Proportion of each group of diarrheagenic E. coli
(DEC).
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Figure 2. Seasonal distribution of DAEC along with EAEC,
EAST1EC, and EPEC plus EHEC. Here Mar to May was
considered as Spring, Jun to Aug was Summer, Sept to Nov
was Autumn and Dec to Feb was Winter. The isolation index is
expressed as a percentage of the number of isolates per number
of samples during each season. The isolation rate (4.3%, 16/
374) of EHEC and EPEC in the summer season was significantly
high (p=0.015) compared to the other season (1.6%, 9/550).
Although four ETEC patients were included for analysis of the
seasonal distribution in the text, ETEC were excluded in this
graph since they were all imported cases.
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Table 2. Prevalence of each subpopulation of diarrheagenic E. coli in different age groupsa

Pathogens N (%) of infected patients

< 1 year 1 – 4 years 5 – 12 years 13 – 19 years Adults Total

EPEC 1 (0.9) 9 (2.3) b 4 (1.5) 1 (2.7) 0 15 (1.6)
EHEC 0 6 (1.5) 2 (0.8) 1 (2.7) 1 (0.8) 10 (1.1)
ETEC 0 0 0 0 4 (3.2) 4 (0.4)
EPEC+EHEC 1 (0.9) 15 (3.9) c 6 (2.3) 2 (5.5) 1 (0.8) 25 (2.7)
EAEC 1 (0.9) 5 (1.3) 3 (1.1) 0 4 (3.2) 13 (1.4)
EAST1EC 2 (1.8) 8 (2.1) 2 (0.8) 2 (5.5) 6 (4.8) 20 (2.2)
DAEC 4 (3.5) 19 (4.9) 11 (4.3) 0 6 (4.8) 40 (4.3)
Afa/Dr 0 12 (3.1) 4 (1.5) 0 2 (1.6) 18 (2.0)

                   (P=0.033)
Non-Afa/Dr 4 (3.5) 7 (1.8) 6 (2.3) 0 4 (3.2) 21 (2.3)
High IL-8 Inducer (≥ 14 ng/mL) d 0 3 (0.8) 0 0 0 3 (0.3)

                   (P=0.04)
High IL-8 Inducer (≥12 ng/mL) d 0 6 (1.5) 0 0 1 (0.8) 7 (0.76)

                   (P=0.02)
High IL-8 Inducer (≥ 11 ng/mL) d 0 7 (1.8) 0 0 1 (0.8) 8 (0.9)

                   (P=0.06)
High IL-8 Inducer (≥ 9 ng/mL) d 0 9 (2.3) 1 (0.4) 0 2 (1.6) 12 (1.3)

                  (P=0.018)
Afa/Dr High Inducere 0 5 (1.3) 0 0 1 6

                   (P=0.04)
Non-Afa/Dr High Inducer 0 4 (1.0) 1 0 1 6
Number of patients 114 387 256 36 126 919
aP values were determined by Chi-square for independence tests. bEPEC (9 patients) was significantly prevalent among 319 patients age 1 to 3 years
(p=0.038). cEPEC plus EHEC (total of 14 patients) were significantly prevalent among 319 patients age 1 to 3 yr (14/319, p=0.023). dIL-8 induction
was assayed using T84 cells [15,16]. eStrains that induced more than 9 ng/mL IL-8 in T84 cells.
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established DEC, the isolation rate of these typical DEC in the
summer season (5.1%, 19/374) was clearly high compared to
the other season (1.8%, 10/550) (p=0.005). On the other hand,
total DAEC were likely prevalent from winter (5.9%, 9/153) to
spring (5.8%, 9/155) compared to autumn (2.9%, 7/242) and
summer (4.3%, 16/374). This finding may suggest that most
cases due to DAEC were not foodborne. Some DAEC strains
may infect opportunistically damaged intestinal epithelia since
viral diarrheal disease tends to increase during the cooler season
in the pediatric population. However, as far as the highly
inductive strains which caused IL-8 secretion more than 9 ng/
mL were concerned, they seem to be frequent in summer (1.6%,
6/374) compared to spring (0.6%, 1/155), autumn (1.2%, 3/242),
or winter (1.3%, 2/153). Although no significant difference was
observed, the finding lets us expect that the subpopulation of
DAEC might cause foodborne infection in summer.

Conclusion
In conclusion, DAEC is the most prevalent fecal isolate

among DEC.  Some DAEC strains that can cause epithelial
cells to secrete high amount of chemokine IL-8 or that possess
Afa/Dr gene are likely diarrheagenic particularly in pediatric
field. Epidemiological investigations highlighting the
relationship between these properties and diarrheagenicity
could confirm the role of DAEC in infectious enteritis. The
characteristics of DAEC strains isolated from healthy persons
and those from diarrheal specimens should be compared in
future studies.
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