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Abstract
Saccharomyces cerevisiae (baker's yeast) may
play an important part in the pathogenesis of
Crohn's disease. Because of this the levels
of IgG and IgA antibodies against three
S cerevisiae strains (NCYC 77, NCYC 79, and
NCYC 1108) were assayed in 49 patients with
Crohn's disease, 43 with ulcerative colitis, 14
with coeliac disease, and 21 healthy controls.
Coded serum samples were tested by ELISA.
Similar antibody patterns to all three strains
were found. IgG and IgA antibody levels were
significantly raised in patients with Crohn's
disease compared with healthy controls
(p<0001 and p<0.0001 respectively) and with
ulcerative colitis patients (p<0.0001 and
p<0.0006 respectively). Raised IgA, but not
IgG, yeast antibody levels were found in two
patients with Crohn's disease who were
intolerant to yeast, but these values were
similar to those in other patients without yeast
intolerance. In ulcerative colitis, both IgG and
IgA levels were similar to normal controls.
Patients with small bowel Crohn's disease had
significantly higher IgG antibody levels than
those with colonic disease (p<001). High
levels of IgG, but not IgA, antibody were
present in patients with coeliac disease, the
antibody responses being indistinguishable
from those found in Crohn's disease. It is
concluded that the presence of IgG antibody to
S cerevisiae is characteristic but not specific to
Crohn's disease. Although raised IgA antibody
levels are more frequently found in Crohn's
disease, their pathogenic importance remains
to be established.
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Saccharomyces cerevisiae (baker's yeast) are
present in high titres in patients with Crohn's
disease but not in those with ulcerative colitis or
normal control subjects. Thus, they claimed that
yeasts may be aetiologically relevant in some
patients with Crohn's disease.
In view of the unconfirmed pathological
importance of yeast antibodies in Crohn's
disease, this study was designed to examine the
prevalence and possible pathogenic significance
of IgG and IgA antibodies specific to S cerevisiae
in patients with Crohn's disease and ulcerative
colitis using patients with coeliac disease and
healthy subjects as controls.
Patients and methods
PATIENTS

Forty nine patients with Crohn's disease were
studied. There were 21 men and 28 women with
a mean age of 45 years (range 19-77). The
diagnosis was based on established clinical,
radiological, and histological criteria as previously described.'3 In 14 patients the disease
was confined to the large bowel; the remaining 35
had radiological evidence of small bowel disease
with or without colonic involvement. The
disease was considered clinically active in 18
patients and quiescent in the remaining 31. The
disease was considered active if the Crohn's
disease activity index'4 was greater than 150 and
the value of at least one laboratory investigation
(such as the erythrocyte sedimentation rate, C
reactive protein, ct acid glycoprotein, platelet
(Gut 1992; 33: 1071-1075)
count, haemoglobin, and serum albumin) was
abnormal. "
Forty three patients had ulcerative colitis - 18
There is no firm epidemiological or experimental men and 25 women with a mean age of 47 years
evidence that directly links diet and Crohn's (range 22-81). Eighteen of these had active
disease, although the results of dietary surveys' disease, confirmed sigmoidoscopically and by
and the as yet unconfirmed therapeutic value of histology, and the remaining 25 had quiescent
'exclusion diets'23 suggest that dietary factors disease.
may precipitate or perpetuate acute exacerbaNone of the patients with inflammatory bowel
tions in some patients with this disorder.
disease was receiving steroids or other immunoA local intestinal immune response to as yet suppressive drugs at the time of the study. Most
unidentified antigen(s) resulting in tissue damage patients with Crohn's colitis and all those with
and granuloma formation has been suggested as a ulcerative colitis were taking sulphasalazine or
possible mechanism of tissue injury in Crohn's other 5-amino salicylic acid releasing preparadisease. Both dietary and bacterial antigens have tions.
been implicated. Thus circulating antibodies to
The control groups included 20 healthy
various dietary and bacterial antigens have been volunteers (eight men, 12 women with a mean
described in patients with inflammatory bowel age of 34 years (range 19-48)) and 14 patients
disease5-' as well as in coeliac disease. '° A recent with established coeliac disease. In the latter
report suggested that milk may be an 'aetiologic group, 11 were taking gluten free diet; the other
factor' in a patient with Crohn's ileitis."` Main three had newly diagnosed disease and were on a
et al'2 showed that IgG and IgA antibodies to normal unrestricted diet.
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STATISTICAL ANALYSIS

Data were expressed as mean (SEM). The MannWhitney U test was used to examine the significances in the differences in antibody levels
between study groups. Intercorrelation between
IgG and IgA antibodies to various S cerevisiae
strains were tested using Spearman's equation.

Antigen preparation
Three S cerevisiae strains were used to prepare
yeast antigens. These included NCYC 77 and
NCYC 79 (baker's yeast) and NCYC 1108
(brewer's yeast). The strains were kindly
provided by Dr H McKenzie, University of
Aberdeen, UK. The yeasts were cultured on
separate Sabouraud agar slopes (Oxoid Ltd,
Basingstoke, Hampshire) for 48 hours at 37°C.
The growth was harvested and washed twice
before being resuspended in 0 15 M sterile saline
so that a 1:10 dilution had an optical density of
0.25 at 540 nm. The suspension was then boiled
for 60 minutes and stored at 4°C. A 1:10 dilution
of the boiled antigen suspension in 0.05 M
carbonate bicarbonate buffer (pH 9.6) was used
to coat the wells of the microtitre plates.

Antibody assay
Flat bottomed microtitre plates (96 wells) (Alpha
Laboratories Ltd, UK) were coated with 100 1d
of antigen suspension per well and incubated at
37°C for 60 minutes and at 4°C for 16 hours. Each
well was then washed four times with 0.05 M
phosphate buffered saline, pH 7.3, to which
0.01% (v/v) Triton X-100 was added (PBS-T).
Test sera were diluted 1:100 using PBS-T to
which 1% (w) bovine serum albumin was added
(PBS-T-BSA). Each serum sample was tested in
duplicate. A 100 itl aliquot of serum was added
to each antigen coated well. In addition to test
sera, each plate included a positive and a negative
reference serum and a negative control where no
serum was added. The plates were then incubated at 37°C for 60 minutes and washed four
times with PBS-T. A 100 ,ul aliquot of affinity
purified alkaline phosphatase conjugated antihuman IgG or IgA (Sigma, Poole, Dorset) diluted
1:400 in PBS-T-BSA was added to each well and
the incubation and washing steps were repeated.
One hundred 1d of a 2 mg/ml solution of
P-nitrophenyl phosphate (Sigma) in 0.05 M
glycine-sodium hydroxide buffer pH 10-2, were
then added to each well. The plates were incubated at 37°C for 30-40 minutes until the optical
density of the positive reference serum reached
the predetermined value of 1-0 at 410 nm, at
which time the optical densities of the test sera
were read (Microelisa Minireader MR590,
Guernsey, Channel Islands, UK). Thus the
quantities of IgG and IgA anti-yeast antibodies
were expressed as optical density measurements
in relation to the reference positive serum.

Results
Figure 1 (A, B, and C) shows the distribution of
IgG and IgA levels against baking (NCYC 77
and NCYC 79) and brewing (NCYC 1108)
S cerevisiae strains in all study groups.
In Crohn's disease, IgG values against NCYC
77, NCYC 79, and NCYC 1108 strains were
significantly higher than those of healthy controls
(p<0O001, p<0-01, and p<0*001 respectively)
and ulcerative colitis patients (p<0-0002,
p<0.001, and p<0Q005 respectively). IgA titres
were generally present at lower serum concentrations than IgG. But like IgG, IgA titres against all
three yeast strains were significantly raised in
patients with Crohn's disease compared with
those with ulcerative colitis and normal controls
(Figs 1A, B, and C). Patients with ulcerative
colitis, regardless of disease activity, had IgG and
IgA antibody values that were not significantly
different from those found in healthy controls.
Figures 2 and 3 show that the site of Crohn's
disease influenced the antibody titres. Patients
with small bowel involvement had significantly
higher IgG antibody titres against NCYC 77 and
NCYC 1108 than those with colonic disease,
whether or not the small bowel was also affected
(p<0-01 and p<0Q004 respectively). Although
there was a difference between small and large
bowel disease in IgA antibody values, this difference was not statistically significant. Other
factors such as age, sex, disease activity, or
previous intestinal resection had no effect on
the antibody titres (data not shown). Twenty
patients with Crohn's disease were tested for
individual food intolerances,'5 16 and three identified yeast as a possible trigger food. Two of these
had raised IgA but not IgG titres, although the
antibody values were similar to those found in
subjects without yeast intolerance. The third
declined testing.
Serial measurements of IgG and IgA were
made in four patients before and four weeks after
treatment with an elemental diet." This treatment had no effect on the IgG or IgA titres.
Raised IgG or IgA values against one S
cerevisiae strain correlate well with IgG or IgA
values against the other two strains (Table). Of
the 26 patients with Crohn's disease who had
raised IgG against NCYC 77 strain, 24 (92%) and
21 (81%) also had raised IgG against NCYC 79
and NCYC 1108 respectively. In the same group,
20 (77%), 20 (77%), and 18 (69%) also had
increased IgA levels against NCYC 77, NCYC
79, and NCYC 1108 respectively.
In patients with coeliac disease, IgG but not
IgA values against all three S cerevisiae strains
were significantly raised compared with those in
ulcerative colitis and normal controls. The raised
IgG antibody concentrations in these patients
were comparable with those seen in Crohn's
disease; high IgG concentrations were equally
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IMMUNOLOGICAL METHODS

A 10 ml blood sample was collected from each
patient. This was allowed to clot at room
temperature, centrifuged, and the serum was
separated into a sterile container. The sample
was coded and stored at -20°C for later testing.
Serial serum samples before and after treatment
with the elemental diet (Vivonex) were obtained
from four patients with clinically active Crohn's
disease.
The enzyme linked immunosorbent assay
(ELISA) was applied to quantitate the specific
IgG and IgA antibody responses to the yeast
S cerevisiae.
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Discussion
In this study, patients with established Crohn's
disease had significantly raised IgG and IgA
values against baking and brewing yeasts (S
cerevisiae). In contrast, the ulcerative colitis
patients had antibody values comparable with
healthy controls. This confirms previous observations12 17 which also showed that the patients
with Crohn's disease tended to have high levels
of IgG and IgA anti-yeast antibodies. In marked
contrast to these authors, however, we found
that the raised IgG levels against S cerevisiae
depended upon disease site. Patients with confirmed small bowel involvement, whether or not
the large bowel was also affected, had higher IgG
levels than those in whom the disease was
confined to the colon. Apart from anatomical
location, no other patient or disease factor influenced the acquisition of high IgG antibody
levels. The presence of raised IgG levels against
all three S cerevisiae strains in coeliac disease
raises questions about the importance of this
antibody in Crohn's disease which was claimed
by previous workers.'2 17
In agreement with a recent report,'8 IgA
antibody against S cerevisiae was more specific to
Crohn's disease, for significantly higher levels
were found only in this condition. Coeliac
disease patients and those with ulcerative colitis
generally had IgA levels that were not different
from healthy controls. Furthermore, raised IgA
levels in Crohn's disease were equally found in
patients with small and large bowel disease.
Thus, the raised IgA levels could not be
accounted for on the basis of disease site. Even so
its pathogenic significance is not certain for the
presence of yeast antibodies did not correlate
with a previous history of yeast intolerance. Two
of our patients who had documented intolerance
to yeast had IgG and IgA antibody levels that
were not different from those of other patients
without such a history. It could be argued that
IgG antibody is usually of higher affinity than
IgA and might mask an IgA response, but, if this
was the case this would merely increase the
significance of the raised IgA levels reported
here. It is accepted that serum IgA responses
must be interpreted as a reflection of the mucosal
secretory IgA response which could not be
evaluated in this study.
It is possible that the raised IgG titres against
S cerevisiae reflect enhanced intestinal permeability. The higher levels of IgG antibodies
found in our patients with small bowel Crohn's
disease are consistent with this hypothesis. A
mucosal permeability defect has been shown

IgA

Figure 1: Levels of serum IgG and IgA antibodies to
Saccharomyces cerevisiae (A) NCYC 77, (B) NCYC 79,
and (C) NCYC 1108 in patients with inflammatory bowel
disease, coeliac disease, and healthy controls. *Significantlv
differentfrom controls and ulcerative colitis (p<0-0001).
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present in treated and untreated patients with
coeliac disease. In contrast, the mean IgA antibody titres in coeliac disease were similar to those
in normal controls and patients with ulcerative
colitis (Figs IA, B, and C). Increased IgA
antibody values were therefore found mainly in
patients with Crohn's disease.
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in patients with Crohn's disease and their
relatives,9 as well as in those with coeliac
disease.20 The abnormally permeable mucosa
may permit the transfer of larger quantities of
luminal antigens across the intestinal wall. This
antigenic load may then initiate an immune
response resulting in increased levels of circulating antibodies against the antigens. This concept
is supported by the fact that patients with
Crohn's disease have high antibody titres against
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patient is usually not clinically intolerant.5-7
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and is manifested by the presence of raised antigliadin antibody levels. However, antibodies to
other dietary antigens have also been shown in
coeliac disease patients without clinical evidence
of intolerance. ° 21 Since it is postulated that both
conditions share the same mucosal permeability
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simply represent a secondary phenomenon. The
effect of treatment on intestinal permeability is
not certain. In Crohn's disease, Logan et a122
claimed that elemental diet reduces mucosal
permeability, although the data of Hollander
et all9 suggest that the permeability defect of
Crohn's disease still exists in patients with
quiescent disease. Jarnasson et al'3 showed that
the permeability defect in coeliac disease persists
even after treatment with gluten free diet. These
observations indicate that in both conditions
some degree of mucosal permeability exists even
when the disease is quiescent and this may
therefore explain the presence of high IgG and
IgA titres in patients with inactive Crohn's
disease and the failure of elemental diet treatment to reduce antibody levels.
S cerevisiae has not been directly implicated in
the pathogenesis of Crohn's disease. The
organism is a ubiquitous micro-organism that
rarely causes significant human infections. The
immune response observed to it described in this
study may have resulted from a reaction either to
antigens on the S cerevisiae itself or to an as yet
unidentified antigen(s) which cross reacts with
S cerevisiae antigens.
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