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Antibodies to Escherichia coli 0157 in patients with
haemorrhagic colitis and haemolytic uraemic syndrome
H CHART, S M SCOTLAND, H R SMITH, B ROWE
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SUMMARY Twenty four sera from patients with haemolytic uraemic syndrome or haemorrhagic
colitis and healthy controls were examined for antibodies to the lipopolysaccharide (LPS) of
Escherichia coli 0157. Faecal specimens from these patients were also examined for Vero cytotoxin
producing E coli (VTEC) by DNA probes, and for faecal Vero cytotoxin. Eight patients with faecal E
coli 0157:H7 gave a strong antibody response to 0157 LPS, shown by immunoblotting and an enzyme
linked immunosorbent assay. Six symptomatic patients without evidence of faecal VTEC also gave a

strong antibody response to 0157 LPS. Sera from the remaining five patients and five healthy controls
did not contain antibodies to E coli 0157.
The results suggest that the testing of sera from patients with haemorrhagic colitis or haemolytic

uraemic syndrome by ELISA or immunoblot would prove valuable in addition to the established
procedures for detecting VTEC, using DNA probes and testing for faecal Vero cytotoxin.

Vero cytotoxin producing strains of Escherichia coli
(VTEC) have been associated with cases of haemor-
rhagic colitis (HC) and haemolytic uraemic syndrome
(HUS).'4 Although VTEC belonging to serogroups
other than 0157, such as 026, 055,0128 and 0145, have
been implicated in cases ofHC and HUS,47 serogroup
0157 is the most prevalent.'4 In a recent study 79% of
VTEC isolated from sporadic cases ofHUS belonged
to serogroup 0157, usually H type 7 but occasionally
non-motile.4 The detection of E coli 0157:H7, other
VTEC, and "free" VT in faeces has facilitated the
investigations of HC.2 DNA probes have been
prepared for both types of Vero cytotoxin gene (VT1
and VT2) and have been used for the preliminary
detection and characterisation ofVTEC.489 Strains of
0157:H7 are unable to ferment sorbitol rapidly, and
sorbitol MacConkey agar has been developed on
which they grow as colourless colonies. This has been
used as a simple rapid means of screening stool
cultures for E coli 0157:H7. Colourless colonies may
be confirmed as E coli 0157 using an antiserum raised
to the 0157 0-antigen.'0"
VTEC, and the toxins they produce, are usually

only detectable in faecal specimens for a limited period
of time following the onset of symptoms of disease.5
An alternative means of detecting evidence of infec-
tion by E coli 0157 is to detect serum antibodies, and
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this would prove particularly useful for diagnosis late
in disease. In a previous study we showed that sera
from patients with HUS, from whom E coli 0157:H
had been isolated, contained IgG antibodies recognis-
ing OMP A and other outer membrane proteins, and
also high concentrations ofIgM antibodies specific for
the lipopolysaccharide (LPS) ofE coli 0157. Patients'
sera could be distinguished from those of healthy
control sera based on this serological response.'2 In the
present study we compared the qualitative and quan-
titative immune response of patients with HUS with
confirmed E coli 0157:H7 infection with patients with
symptoms ofHUS but from whom evidence ofVTEC
infection was not demonstrable by either isolation of
VTEC or of"free" faecal Vero cytotoxin. Our aim was
to establish an immunological test which might be
used to diagnose infection with E coli 0157. Such a test
would be useful where these bacteria or their toxins
could not be detected in the faeces or when diagnosis
was made too late for faecal examination.

Material and methods

Nineteen human sera obtained from patients with
clinically diagnosed HUS or HC were received by the
Division of Enteric Pathogens (table). Control sera
were obtained from four healthy adult men and I
healthy adult woman. Seven of the sera from patients
with HUS, the serum from the female volunteer, and
two sera from the male volunteers have been described
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Table Evidence ofE coli 0157 in patients with HUS or HC compared with healthy controls

Antibodies to 0157 LPS:
E coli 0157

Source ofsera (n = ) Faecal VT VTprobes* isolated' by immunoblot* by ELISA

Patients with (n = 8) HUS or HC 3/7 8/8 8/8 8/8 x = 1 01 + 0 37 (0 50, 0-66, 0-80, 088)
(1-06, 1-19, 1-29, 1-66)

Patients with (n = 6) HUS 0/5 0/6 0/6 6/6 x = 1-07 + 0-37 (0-41, 1-00, 1-06)
(1-14, 1-33, 1-48)

Patients with (n = 5) HUS or HC 0/4 0/5 0/5 0/5 x = 0 19 + 0 03 (0 15, 0-16, 0 19)
(0-22, 0-22)

Controls (n = 5) ND ND ND 0/5 x = 0-28 + 0-07 (0-19, 0-24, 0-26)
(035,0-36)

*No positive/No tested.
ND: not determined.

previously.'2 Strains ofE coli 0157:H7 were identified
as described elsewhere.'3 Stool samples, when availa-
ble from the above patients, were examined for VTEC
using DNA probes'4 and faecal VT.4

Escherichia coli strain E32511, a non-motile strain
belonging to serogroup 0157, was used to prepare~~~~~~~~~~......

e~~~~~~~~~~~~~~~~~~~~~~~~~~~~.....

......~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.

Figure SDS-
PAGE profikes of
E coli 0157
(30.ug/lane)
reacted strongly
with sera 1-14
(an example
shown in lane 1),
but not with sera
15-25 (an
exwnple shown in
lane 2). The
predominant
reaction of
antisera was with
5LPS (in
parentheses).

bacterial outer membranes and LPS.'2 Bacterial
proteins and LPS were separated by sodium dodecyl
sulphate-polyacrylamide gel electrophoresis (SDS-
PAGE)'5 using a constant current (50 mAmp) for
three and a half hours. For immunoblotting, outer
membrane SDS-PAGE profiles were transferred on to
nitrocellulose sheets and reacted with antisera (30 jl/
lane), as described previously.'2 Antibody-antigen
complexes were detected using '25iodinated goat anti-
human IgM antibodies. LPS for enzyme linked
immunosorbent assays (ELISA) was prepared from
strain E32511 using hot phenol.'6 ELISA plates were
coated with 100 yl LPS (6 pg/ml) in coating buffer
(1-59 g Na2CO3/l, 2-39 g NaHCO3/1, pH 9 6). One
hundred microlitre volumes ofserum diluted ( x 1000)
in phosphate buffered saline containing 01% Tween-
20 (PBS-Tween), were reacted with LPS coated wells
for two hours. Antibody-antigen complexes were
detected by reacting plates with an alkaline phos-
phatase conjugated goat-anti-human Ig antiserum
(diluted in PBS-Tween according to the manufac-
turer's specification, Sigma Chemical Co) for two
hours before the addition of p-nitrophenol phosphate
(1 mg/ml, Sigma) in diethanolamine buffer (97 ml
diethanolamine, 100 mg MgCI3.6H2O/litre, pH 9.8).
After 30 minutes' incubation in the dark, the reaction
was stopped by the addition of 50 p1 3M NaOH and
the resultant yellow colour measured at 405 nm.

Results

Faecal samples were obtained from 16 of 19 patients
with symptoms ofHUS or HC, and faecal swabs were
received from the remaining three patients. Faeces and
faecal swabs were examined for VTEC and the 16
faecal specimens examined for Vero cytotoxin. Faecal
specimens from seven patients (one with HC, seven
with HUS) and a faecal swab from one patient
contained VTEC, as detected by gene probes; and
three out of these seven faecal specimens had detect-
able Vero cytotoxin (table). E coli 0157:H7 was
isolated from these eight patients. VTEC were not
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Antibodies to E coli in haemorrhagic colitis and haemolytic uraemic syndrome

obtained from the remaining 11 patients (one with
HC, 10 with HUS), and "free" Vero cytotoxin was not
detected in any of the faecal specimens (table).
Twenty four sera, comprising 19 from the aforemen-

tioned patients, and five from healthy control subjects,
were reacted with replicate outer membrane profiles
from strain E3251 1 by immunoblotting. Fourteen sera
gave a reaction with EcoliO157 LPS (table; figure, lane
1). The remaining 10 sera, including the five control
sera, gave no reaction with these profiles (table; figure,
lane 2). These 24 sera were also reacted with purified
0157 LPS by ELISA. Sera from the eight patients,
from whom E coli 0157:H7 had been isolated (table),
gave a mean antibody titre of 1-01 (+ 037). Sera from
six patients with HUS, but giving negative Vero
cytotoxin probe and faecal Vero cytotoxin results,
gave a mean antibody titre of 1 07 (+ 037). The
remaining five sera, from patients with HUS or HC,
but giving negative Vero cytotoxin or faecal Vero
cytotoxin results, gave a mean titre of 0- 19 (+ 0 03).
Five control sera gave a mean titre of 0-28 (+ 0 07).
Using Student's t test, the antibody titres for sera,

from patients from whom E coli 0157:H7 had been
isolated, were found to be significantly higher
(p = 0 005) than the titres obtained with control sera,
but not significantly different from the six sera from
patients with clinical HUS but with no evidence of
VTEC infection (table). The antibody titres for the five
sera, from patients with clinical HUS but from whom
evidence of E coli 0157 had not been detected, were
significantly different from the other HUS or HC sera
(p = 0-005), but not from the healthy control sera.

Discussion

The eight patients (one with HC, seven with HUS),
from whom E coli 0157:H7 was isolated, contained
high titre serum antibodies (IgM) to the LPS ofE coli
0157. Analysis by immunoblotting or ELISA showed
that the five control sera did not contain antibodies to
E coli 0157 LPS. This suggests that screening sera for
antibodies to 0157 LPS might be used to indicate E coli
0157 infection. The six patients with HUS who had
high antibody titre to 0157 LPS but no faecal VTEC or
Vero cytotoxin might also have been infected with E
coli 0157:H7. Strains of E coli 0157:H7 are often
implicated in cases of HUS and HC,' 349 but are only
isolated from a proportion of patients.' 3 Based on our
studies, screening patients' sera for antibodies to the
LPS of E coli 0157 might prove useful in indicating a
possible pathogenic role for E coli 0157 in such cases.
Our studies showed that the most specific means of

analysing sera for antibodies to E coli 0157:H7 was
immunoblotting which provided an accurate
qualitative antibody reaction. Due to the experimental
procedures entailed in this technique, however,

immunoblotting may not be suitable for most routine
clinical laboratories. The ELISA also provided an
efficient means of detecting serum antibodies to E coli
0157 LPS, and in contrast to immunoblotting, has the
advantage of requiring only basic laboratory equip-
ment and an ELISA reader. The ELISA, which
provides quantitative data, allows a value for delineat-
ing antibody titres obtained from patients with an E
coli 0157 infection to be distinguished from the sera of
those who have not been infected by this organism.
Using a cut-off value of 0-5 (405 nm) for sera diluted
1000-fold, all patients with confirmed E coli 0157:H7
infection were included, and would have been correc-
tly diagnosed as having been infected by E coli 0157.
All six patients negative for VTEC and faecal VT also
gave a strong immunoblot reaction, and five would
have been regarded as having had an E coli 0157
infection based on the ELISA result alone. The
remaining 10 sera, which gave negative ELISA
immunoblot reactions, would not have been regarded
as having had an E coli 0157 infection. An ELISA
could be used as a convenient method for the prelimin-
ary screening of large numbers of sera from patients
with HUS or HC and the results obtained could be
considered in light of the patients' clinical symptoms.
In the event ofpatients with very obvious symptoms of
HUS or HC giving a serum ELISA value of <0 5,
analysis of these sera by immunoblot should be
considered.

Because VTEC belonging to serogroups other than
0157 have been isolated from cases of HUS,47 the
possibility of screening sera for antibodies to the LPS
of such VTEC is currently under investigation.

This limited study shows that immunoblotting and
ELISA techniques have very similar sensitivities for
detecting antibodies to the LPS ofE coli 0157. The use
ofDNA probes as a sensitive method for the detection
of VTEC has been clearly established.49 Because
immunoblotting tests identified 14 of 19 patients and
ELISA tests 13 of 19 patients as having been infected
by E coli 0157, as opposed to eight of 19 by DNA
probes, serological tests should be considered as a
means of supplementing established diagnostic tests
for E coli 0157 infections, particularly when the
investigation occurs some time after onset of symp-
toms.

We thank colleagues for sending sera and faecal
specimens to the Division of Enteric Pathogens.
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