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Abstract In order to detect immunoglobulin (Ig)A and
IgG antibodies to Escherichia coli-secreted protein B in
sera of children infected with Shiga toxin-producing
Escherichia coli, an enzyme-linked immunosorbent assay
was developed. The assay was tested using acute sera
from 40 children with diarrhea-associated hemolytic
uremic syndrome compared with 238 sera obtained from
pediatric controls. Two cut-off values were used for
children <5 (n=27) or �5 (n=13) years of age. Among the
younger patients, 24 of 27 had IgA antibodies to
Escherichia coli-secreted protein B (sensitivity, 89%;
specificity, 98%) and 22 of 27 had IgG antibodies
(sensitivity, 82%; specificity, 94%). Among the older
patients, 13 of 13 had IgA antibodies (sensitivity, 100%;
specificity, 96%) and 11 of 13 had IgG antibodies
(sensitivity, 85%; specificity, 96%). This enzyme-linked
immunosorbent assay detects Shiga-toxin-producing Es-
cherichia coli independent of serogroup and could serve
as a complementary assay for detection of infection.

Introduction

Shiga toxin (Stx)-producing Escherichia coli (STEC)
cause diarrhea, hemorrhagic colitis and hemolytic uremic
syndrome (HUS) [1]. The most prevalent serotype is
Escherichia coli O157:H7, but more than 100 serotypes
have been associated with clinical symptoms [1]. Fol-
lowing ingestion, the bacteria colonize the intestine
forming an “attaching and effacing” lesion on the
intestinal epithelium [2, 3]. EspB is a polypeptide of
37 kDa involved in signal transduction events occurring
during the formation of the attaching and effacing lesion
[4].

Diagnosis of STEC infection is predominantly based
on the isolation and serotyping of a STEC strain from the
feces of infected individuals. Fecal strains are also
identified by polymerase chain reaction (PCR) amplifi-
cation of virulence genes such as stx and eae in fecal
samples or by the detection of free Stx in the stool [3].
Serodiagnosis is based on the detection of serum anti-
bodies to the lipopolysaccharide of the infecting strain
and is serogroup dependent [5, 6, 7]. Serological diag-
nostic methods may also be based on the presence of
antibodies to Escherichia coli-secreted proteins [8, 9, 10].

In a previous study we developed a serodiagnostic
immunoblotting assay for the detection of STEC infection
based on the presence of antibodies to recombinant EspB
(from an Escherichia coli O157:H7 template) in the sera
of infected individuals [11]. This assay is serogroup
independent and facilitates the detection of STEC infec-
tion in a clinical setting of hemorrhagic colitis or HUS in
which the bacterial strain could not be isolated from feces.
The aim of the present study was to develop an enzyme-
linked immunosorbent assay (ELISA) for the detection of
serum antibodies to EspB in HUS patients with STEC
infection.
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Materials and Methods

The espB construct used in this study was amplified using
Escherichia coli O157:H7 strain 93111 as the template and the
His-EspB fusion protein, which was purified from Escherichia coli
DH5a(pREP4,pCVD469) as described previously [11]. The antise-
rum against His-EspB was raised in rabbits and reacts with His-
EspB in both immunoblotting and ELISA.

Sera obtained from 40 pediatric patients during the acute phase
of HUS were analyzed. There were 17 boys and 23 girls aged 1–
11 years (median age, 3 years). Twenty-seven of the children were
<5 years old (median, 2 years) and 13 children were �5 years old
(median, 7 years). All of the children had clinical evidence of
STEC infection due to prodromal diarrhea. All patients were treated
at the Department of Pediatrics, Lund University Hospital. Samples
were collected on the day of admission.

The infecting strain was detected by PCR identification of the
eae and stx genes in feces followed by isolation of a bacterial strain,
which was serotyped [11, 12]. Fecal samples were available in 33
cases, and in two of these cases PCR was negative. In these cases,
and when a fecal STEC strain was unavailable, serum (n=9) was
tested for antibodies to the lipopolysaccharide of serogroups O157,
O26, O103, O111 and O145 as described previously [6]. In four
cases serum was also tested for antibodies to the lipopolysaccharide
of serogroups O91, O113 and O121. When a strain was not isolated
or the serological assay was negative, the presence of STEC was
assumed, due to a diarrheal prodrome followed by HUS, but not
proven. Thus, infection was associated with Escherichia coli O157
in 20 cases, with other non-O157 STEC serogroups (n=16) or not
proven (n=4). Thirty-two of the 40 patients with HUS were
described previously [11].

Control sera were obtained from 238 pediatric controls (125
boys and 113 girls; age range, <1–18 years; median age, 5 years).
Of these children, 117 were <5 years old (median, 1 year) and 121
were �5 years old (median, 10 years). The pediatric controls did
not have a history of diarrhea or HUS. Samples were stored at
�20�C until assayed.

Serum antibody responses to EspB were assayed using the
newly developed ELISA. Microtiter plates were coated with rabbit
anti His-EspB 1/2000 (100 �l/well in 0.1 M NaHCO3, pH 9.6) and
incubated overnight at 4�C. Wells were washed in PBS/Tween
0.05% (Medicago, Uppsala, Sweden), blocked for 2 h with 3%
bovine serum albumin (BSA; ICN Biomedicals, Aurora, OH, USA)
in PBS/Tween at room temperature, washed, and incubated for 1 h
at room temperature with recombinant His-EspB (50 ng/well in
0.1% BSA/PBS/Tween) [11]. Wells were washed and incubated
with patient or control sera (1/50 in 0.1% BSA/PBS/Tween) at a
total volume of 100 �l/well for 2 h at 37�C. After washing,
peroxidase-conjugated rabbit anti-human immunoglobulin (1/2000
for anti-IgA or 1/4000 for anti-IgG) (antibodies from Dako,

Glostrup, Denmark) in 100 �l, were added and incubated for 1.5 h
at room temperature. Binding was detected by the addition of
O-phenylendiamine dihydrochloride tablets (Dako) suspended in
deionized water for 10 min at room temperature in the dark, then
30% H2O2 (Scharlau Chemie, Barcelona, Spain) was added and the
reaction was terminated by the addition of 1 M H2SO4 (Merck,
Darmstadt, Germany). Absorbance was measured at OD450 nm.

Since the antibody response normally increases with age and
most children with HUS are <5 years old, cut-off values were
established for children <5 years of age and �5 years of age. Using
the sera from the 238 pediatric controls, a cut-off value was
assigned for each age group and antibody type by the mean value
+2 standard deviations. A value above this cut-off was considered
positive. Differences between patients and controls regarding a
specific cut-off value were evaluated with Fisher’s exact test using
SPSS version 11.0 (SPSS, Chicago, IL, USA). A P value <0.05 was
considered significant. Sensitivity and specificity values for the
different antibodies were compared.

Results and Discussion

Nearly all of the sera from the 40 HUS patients exhibited
an IgA and IgG response to EspB, while nearly all of the
sera from controls did not. For the IgA response, a cut-off
value of 0.18 was assigned for patients aged <5 years and
0.25 for those aged �5 years. For the IgG response, a cut-
off value of 0.89 was assigned for patients <5 years of age
and 1.24 for those aged �5 years. Using these cut-off
values, 24 of the 27 patients <5 years of age had an IgA
response versus 2 of 117 controls (P<0.0005) and 13 of 13
patients �5 years of age had an IgA response versus 5 of
121 controls (P<0.0005). An IgG response was detected
in 22 of 27 children <5 years of age versus 6 of 117
controls (P<0.0005) and in 11 of 13 children aged
�5 years versus 5 of 121 controls (P<0.0005). Immuno-
globulin A and IgG antibodies to EspB were found in
patients with O157 and non-O157 infection as shown in
Table 1, and are thus serogroup independent.

The sensitivity and specificity of the ELISA for
detecting IgA and IgG antibodies to EspB in sera of
patients with HUS are shown in Table 2. These results
show that higher sensitivity values were obtained for IgA
antibodies to EspB than IgG in both age groups, and the
specificity values for both antibodies was �94%.

Table 1 Antibody responses in patients infected with various STEC serotypes

Serotype No. of patients

Totala IgA antibody response IgG antibody response IgA and IgG antibody response

O157 20 (2) 19 15 15
O26 1 1 1 1
O145 3 3 3 3
O121 3 (1) 2 3 2
O111 1 (1) 1 0 0
O non-typeable; non-O157b 8 7 7 7
No fecal strain; LPS serology negativec 4 4 4 4

a The numbers in parentheses refer to the number of cases in which a fecal sample was PCR negative; the serogroup of the strain was
identified by anti-lipopolysaccharide serology and thus the eae status of the infecting strain is unknown
b The isolated fecal strain was non-typeable or the analysis of serum was negative for O157 lipopolysaccharide antibodies in a patient
whose fecal sample was PCR-positive for stx and eae
c A fecal strain was not isolated and/or the serological assay was negative. In these cases STEC was assumed, due to a diarrheal prodrome
followed by HUS, but not proven
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The results of this study demonstrate that a consider-
able proportion of pediatric patients with HUS associated
with acute STEC infection mount an antibody response to
EspB, which can be readily detected by ELISA. The
antibody response is independent of the STEC serogroup
and is thus appropriate for the detection of both O157 and
non-O157 STEC infections. Enteropathogenic Escheri-
chia coli strains also produce EspB. There is considerable
sequence homology between EspB of different STEC and
enteropathogenic Escherichia coli strains [4, 11], and
patients with enteropathogenic Escherichia coli infection
have been found to have antibodies to EspB [13]. Thus,
this assay may not differentiate between patients with
milder STEC symptoms (e.g., non-bloody diarrhea, non-
HUS) and those infected with enteropathogenic Escher-
ichia coli. The presence of antibodies to EspB in patient
serum will, however, indicate STEC infection in the
clinical context of HUS, which is not associated with
enteropathogenic Escherichia coli.

Serodiagnosis of STEC infection is currently achieved
by the detection of antibodies to the lipopolysaccharide of
a given serogroup by ELISA. This assay has high
sensitivity (92–95%) and specificity (97–99%) when
patients have culture-confirmed Escherichia coli O157
infection [14, 15], but not all patients with confirmed
Escherichia coli O157 infection mount an antibody
response to the O157 lipopolysaccharide [15]. Moreover,
it is serogroup-dependent and lipopolysaccharide from
other STEC serogroups have been added to the O157
lipopolysaccharide assay [6, 7]. Using a panel of five
serogroups (O157, O26, O103, O111 and O145) the assay
provided evidence of STEC infection in 61.3% of 235
patients with HUS in Italy [6] and using a panel of 26
serogroups the assay detected 74% of 118 HUS patients in
France [7]. The panel of appropriate STEC serogroups to
be tested may vary according to the epidemiological
situation of different geographical areas.

In this study, patients infected with Escherichia coli
O157 and with at least four other locus of enterocyte
effacement-positive serogroups developed antibodies to
the EspB of STEC O157. We therefore suggest that this
ELISA for the detection of EspB can be an efficient
serogroup-independent assay for the diagnosis of STEC
infection as long as the infecting STEC strain is locus of
enterocyte effacement-positive. Laboratory diagnosis of
STEC infection requires a combination of microbiological
and serological techniques. The development of an
ELISA for the detection of EspB will serve as a valuable
adjunct to available methods for the detection of STEC
infection.
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