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Summary

Background Post-prandial worsening of symptoms as well as adverse reactions to one or
more foods are common in the patients with functional gastrointestinal diseases, such as
irritable bowel syndrome (IBS) and functional dyspepsia (FD). However, the role played by
true food allergy in the pathogenesis of these diseases is still controversial and there are no
well-established tests to identify food allergy in this condition.

Objective To investigate serum food antigen-specific IgG, IgE antibody and total IgE antibody
titres in controls and patients with IBS and FD, and to correlate symptoms with the food
antigen-specific IgG titres in IBS and FD patients.

Methods Thirty-seven IBS patients, 28 FD patients and 20 healthy controls participated in
this study. Serum IgG and IgE antibody titres to 14 common foods including beef, chicken,
codfish, corn, crab, eggs, mushroom, milk, pork, rice, shrimp, soybean, tomatoes and wheat
were analysed by ELISA. Serum total IgE titres were also measured. Last, symptomatology was
assessed in the study.

Results 1BS patients had significantly higher titres of IgG antibody to crab (P=0.000), egg
(P=0.000), shrimp (P = 0.000), soybean (P=0.017) and wheat (P=0.004) than controls. FD
patients had significantly higher titres of IgG antibody to egg (P =0.000) and soybean
(P=0.017) than controls. The percentage of individuals with detectable positive food antigen-
specific IgE antibodies of the three groups did not show any significant differences (P=0.971).
There were no significant differences between IBS patients, FD patients and controls in the
serum total IgE antibody titres (P=0.978). Lastly, no significant correlation was seen between
symptom severity and serum food antigen-specific IgG antibody titres both in IBS and FD
patients.

Conclusion Serum IgG antibody titres to some common foods increased in IBS and FD
patients compared to controls. But there is no significant correlation between symptom
severity and elevated serum food antigen-specific IgG antibodies in these patients.
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Introduction

ing their symptoms to food allergy [2-4]. However, the
role played by true food allergy in the pathogenesis of IBS

Food allergy is a complex area of medicine. Up to 20% of
the population have adverse reactions to food and claim
to be of food allergy or food intolerance [1]. The percen-
tage of food allergy is much higher in some functional
diseases of the gastrointestinal (GI) tract such as irritable
bowel syndrome (IBS), with 20-65% of patients attribut-

and other functional diseases of the GI tract are still
controversial and there are no well-established tests to
identify food allergy in this condition [5-7].

Previously, food allergy was believed to be associated
with an IgE-mediated immune response to a particular
allergen in the diet. Therefore, the standardized skin prick
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testing and RAST testing were frequently used to diagnose
food allergy [8, 9]. However, there is no evidence that
shows IgE does indeed play an important role in hyper-
sensitive reactions to food in IBS patients [10-14]. The
gold standard in this condition is the double blind
placebo-controlled food challenge test under careful
supervision in a hospital. But this test is cumbersome,
time consuming and of poor patient compliance, which
limits its use in clinical practise. Fortunately, accumulat-
ing data in recent years have indicated that IgG-mediated
immune response, which characteristically gives a more
delayed response following exposure to a particular anti-
gen, is of great importance in food allergy [15-17] and the
measurement of serum IgG titres opens up a new avenue
for diagnosing food allergy in patients suffering adverse
reactions to foods.

Post-prandial worsening of symptoms as well as ad-
verse reactions to one or more foods are common [18, 19]
and dietary elimination can lead to symptomatic improve-
ments in patients with IBS [3, 20-22]. Recently, Zar et al.
[23] have shown elevated IgG titres in IBS patients while
Atkinson et al. [24] have demonstrated that food elimina-
tion based on IgG antibodies may be effective in reducing
IBS symptoms. Other studies have shown food allergy is
also present in functional dyspepsia (FD), which has over-
lapping symptoms with IBS [25, 26]. However, fewer
studies focus on the role of food allergy in the pathogen-
esis of FD and the level of serum food antigen-specific IgG
antibodies in FD has not been investigated.

The aim of this study is to compare serum food antigen-
specific IgG and IgE antibodies in controls and patients
with IBS and FD, and to correlate symptoms with the food
antigen-specific IgG and IgE titres in IBS and FD patients.

Materials and methods

Patients

Thirty-seven IBS patients (12 men and 25 women; mean
age 36 years) and 28 FD patients (nine men and 19
women; mean age 35 years) participated in this study. All
patients were recruited from the Department of Gastro-
enterology of Qilu Hospital, Shandong University and
were diagnosed by using the Rome II criteria [27] for IBS
(pain or abdominal discomfort accompanied by two or
three symptoms, such as relief with defecation and/or with
alterations in the frequency of evacuations or in the shape
of the feces for at least 12 weeks, which need not be
consecutive, in the preceding 12 months; in the absence of
organic GI diseases) and for FD (persistent or recurrent
symptoms, such as pain or discomfort in the upper abdo-
men at least 12 weeks earlier, not necessarily serial, during
the preceding 12 months). Organic GI disorders were
excluded by routine laboratory tests and endoscopies with
biopsies.

Controls

The control group consisted of 20 healthy subjects (six men
and 14 women, mean age 36.5 years) recruited from the
community. All control subjects were free of GI symptoms
and had no evidence of acute or chronic illnesses.

None of the patients or healthy individuals was on any
medication at the time of the study. The patient groups
and the control group did not differ significantly with
respect to mean age and sex ratio.

Informed, preferably written, consent was obtained
from each subject. The study has been performed accord-
ing to the Declaration of Helsinki and the procedures have
been approved by Qilu hospital ethics committee.

Measurement of serum food antigen-specific immunoglo-
bulins G and E antibodies. Serum samples were collected
from all subjects and stored at —20°C for subsequent
analysis. Serum IgG and IgE antibody titres to 14 common
foods including beef, chicken, codfish, corn, crab, eggs,
mushroom, milk, pork, rice, shrimp, soybean, tomatoes
and wheat were analysed by ELISA.

Serum food antigen-specific immunoglobulin G enzyme-
linked immunosorbent assay. Serum food antigen-specific
IgG ELISA was performed with Allerquant Food Allergy
Screening ELISA Kit (Biomerica, Inc. Newport Beach, CA,
USA).

According to the instruction of the ELISA Kit, 50, 100,
200 and 400 U/mL of Food IgG Calibrator were prepared
and added to the microplate together with blanks and
positive controls. This is the calibration curve to be used in
the assay. Serum samples were diluted to 1/100 and 25 pL
of each serum sample were taken and added to 2.5 mL of
serum dilute regents. Then 100 pL of the diluted patient
serum were placed into the microwells coated with 14 food
antigens for 60 min at room temperature. And then, 100 puL
of food IgG-HRP conjugate were added to each well after
washing and the plates were incubated for 30 min at room
temperature. Another 100 pL of working substrate mix
(TMB and H,0,) were applied to each well and the plates
were covered and incubated for 10 min at room tempera-
ture. The reaction was stopped using 50 mL per well of 1N
sulphuric acid. At last, the plates were read using a Dynex
ELISA plate reader (Dynex Technologies, Inc., Chantilly,
VA, USA) at 450 nm. The IgG concentration to each food
antigen was expressed as units per millitre.

Plates with microwells were washed three times with
washing buffer between steps, and were incubated at room
temperature for each stage of the assay.

Serum food antigen-specific immunoglobulin E and total
immunoglobulin E enzyme-linked immunosorbent assay.

Serum food antigen-specific IgE and total IgE ELISA were
performed with the IVT Allergy Profile kit (In vitro
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Technologies Inc. Arlington, TX, USA). It is a qualitative
test designed to identify IgE levels in the test samples. A
positive result is identified visually by a gradual yellow to
purple colour change around a reactive segment within
the capillary. This kit is also semiquantitative in that the
rate of conversion from yellow to purple and the intensity
of the purple colour is proportional to the level of IgE
antibody in the patient sample. All components were
allowed to come to the room temperature before use. The
test procedures are as follows.

Firstly, each serum sample was added to a properly
labelled multiple immunoassay device and allowed to
react for 100 min at room temperature. Then was the
sample expelled from the device and the device washed
with 1 mL wash solution. Secondly, the conjugate reagent
was added to the device and allowed to react for 100 min.
Then, was the conjugate reagent expelled from the device
and the device washed with wash solution. Thirdly, the
substrate indicator was added to the device and the
characteristic yellow to purple colour change was within
the observed next 30 min period.

Highly allergic reactions to a particular allergen caused
a rapid purple colouration around that specific segment
within 5 min. Weaker allergen took progressively longer
to effect the colour change. Negative reactions showed
equivalent colour to the inert spacers. On the total IgE
segment, low total IgE levels (<30 IU/mL) were evident by
a yellow to grey colouration, distinguishable from normal
IgE levels (60 & 30 [U/mL), which yield moderately purple
colour throughout, and elevated IgE levels (>90IU/mL),
which yield intense purple colouration after 30 min in-
cubation with the substrate indicator.

Symptom questionnaire. Symptomatology was assessed
in the study. All the patients completed a symptom
assessment questionnaire based on Rome II criteria to
evaluate the severity of symptoms for the 1 week period
before the interview. Questions targeting the presence and
severity of abdominal pain/discomfort, bloating, bowel
urgency/diarrhoea, constipation, early satiety, nausea and
belching were asked, for example ‘Have you experienced
abdominal pain/discomfort during this week?’ If the
subjects reported ‘yes’, they were then asked to grade the
severity of that symptom using the scale 1=mild,
2 =moderate, 3 =intense and 4 =severe. If the subjects
reported ‘no’, the score was recorded as 0. The total score
of each patient is the sum of each symptom score.

Statistical analysis. Linear models were fitted to the log
transformation of the variables, such as the IgG and total
IgE titres. A one-way anova was carried out to test for
differences in levels of antibody titres between the groups.
Tamhane’s T2 test was used to test for pairwise differences
between IBS, FD and control groups. The y? tests were
used to test for the differences of the percentage of
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individuals with positive IgE antibodies between groups.
Comparison between groups for interval data (age,
weight) was carried out with ¢-test. The correlation be-
tween the individual symptom scores and the IgG titres
was analysed by Pearson’s correlation test. Significance
was accepted at 5% level (P < 0.05). The statistics package
SPSS v 13.0 running on Windows XP Professional was
used for the analyses.

Results

Serum food antigen-specific immunoglobulin G
antibody titres

The serum IgG antibody titres of each of the IBS, FD and
control groups to each food antigen are shown in this
study together with the results of the anova (Table 1). There
were significant differences between the three groups in
their IgG responses to crab, egg, shrimp, soybean and
wheat. IBS patients had significantly higher titres of IgG
antibody to crab, egg, shrimp, soybean and wheat than
controls and higher titres of IgG antibody to crab, egg,
shrimp and wheat than FD patients. FD patients had
significantly higher IgG antibody titres to egg and soy-
bean than controls and lower IgG antibody titres than IBS
patients to crab, egg, shrimp and wheat (Fig. 1). There
were no significant differences between the three groups
in their IgG responses to beef, chicken, codfish, corn,
mushroom, milk, pork, rice and tomatoes.

Table 1. Serum IgG antibody titres to food antigens showing the means
in IBS, FD and control groups, the standard error of the mean (SEM) and
P-value from the ANova

Mean 4+ SEM (U/mL)

IBS (n=37) FD (n=28) Control (n=20) P-value
Beef 32.86 +0.46° 32.43+0.44° 32.10+0.60°  0.556
Chicken 28.65+0.51° 27.68+0.58° 27.20+0.55*  0.171
Codfish 32.86 +0.49° 32.894+0.52° 32.55+0.59°  0.902
Corn 31.87+£0.43" 31.82+0.46% 31.29+0.60°  0.617
Crab 50.27 +£0.89° 37.53+0.95° 37.90+0.78"  0.000
Eggs 119.3+11.8% 69.71+4.63° 51.93+3.74°  0.000
Mushroom 27.78£0.51*° 26.93+0.63* 27.25+0.49°  0.515
Milk 33.14+£0.51° 32.36+0.64% 32.414+098"  0.615
Pork 31.544+0.45° 31.82+0.53" 30.80+0.59°  0.437
Rice 28.68 +0.52° 29.54+0.75° 28.41+0.83°  0.493
Shrimp 65.05+3.70° 4539+ 1.62° 43.25+1.73°  0.000
Soybean  55.83+3.35" 53.29+1.89° 43.60+1.95°  0.017
Tomatoes  34.65+0.78° 33.79+0.98° 34.05+1.23°  0.782
Wheat 60.59 +3.4°  49.394+2.05° 48.104+2.01°  0.004

Means with different superscripts across rows were significantly different
(P < 0.05).
IBS, irritable bowel syndrome; FD, functional dyspepsia.
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Fig. 1. Comparisons of serum IgG antibodies to crab, egg, shrimp,
soybean and wheat between irritable bowel syndrome (IBS), functional
dyspepsia (FD) and control groups. IBS patients have significantly higher
IgG antibodies to crab, egg, shrimp, soybean and wheat than controls. FD
patients have significantly higher IgG antibodies to egg and soybean
than controls. IBS patients have significantly higher IgG antibodies to
crab, egg, shrimp and wheat than FD patients. The data were expressed
with the geometric means and the standard errors of the means. *P < 0.05
compared with controls; P < 0.05 compared with FD patients.

Serum food antigen-specific immunoglobulin E
antibody titres

In terms of serum food antigen-specific IgE antibodies, 10
of 37 IBS patients, eight of 28 FD patients and six of 20
controls had detectable positive IgE ELISA results to beef,
codfish, eggs, mushroom, soybean and wheat (Table 2).
The percentage of individuals with detectable positive IgE
antibodies of the three groups did not show any signifi-
cant differences (27.03% for IBS, 28.57% for FD and 30%
for controls, x2=0.059, P=0.971). In IBS patients, only
two had positive IgE antibodies against codfish, three

Table 2. Summary of the individuals with positive IgE ELISA results
in IBS, FD and control groups

IBS (n=37) FD (n=28) Control (n=20)

Beef
Chicken
Codfish
Corn
Crab
Eggs
Mushroom
Milk
Pork

Rice
Shrimp
Soybean
Tomatoes
Wheat
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IBS, irritable bowel syndrome; FD, functional dyspepsia.
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Fig. 2. Comparision of total IgE antibody titres to food antigens between
irritable bowel syndrome (IBS), functional dyspepsia (FD) and control
groups. The data were expressed with the individual values in the three
groups. Horizontal bars represent the means for every group. There were
no significant differences between IBS patients, FD patients and controls
in the serum total IgE antibody titres (P=0.978).

against eggs, one against mushroom and four against
wheat. Of 28 FD patients, one had positive IgE antibodies
against beef, one against codfish, two against eggs, one
against soybean and three against wheat. In addition, one
control had positive IgE antibodies against codfish, two
against eggs, one against mushroom and two against
wheat. The number of patients and controls with positive
IgE antibodies against each individual food antigen was
too small to apply a statistical test.

Serum total immunoglobulin E antibody titres

The serum total IgE antibody titres were also measured in
this study. There were no significant differences between
IBS patients, FD patients and controls (means+ SEM
66.87 £ 7.65 for controls, 68.69 4+ 5.9 for FD patients and
67.30 + 5.49 for IBS patients, P=0.978, Fig. 2).

Correlation with symptoms

The symptom severity of each FD and IBS patient was
scored according to the symptom questionnaire. The
relation between the symptoms and elevated IgG re-
sponses to some food antigens was observed and no
significant correlation was seen between symptom sever-
ity and serum food antigen-specific IgG antibody titres
both in IBS and FD patients (Fig. 3).

Discussion

This study demonstrated a significant increase in IgG
antibody titres to several common foods in patients with
functional diseases of the GI tract compared with healthy
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Fig. 3. The correlation between abdominal symptom scores and IgG titres to food antigen in irritable bowel syndrome (IBS) patients and functional
dyspepsia (FD) patients. (a-e) The individual plots of values for food antigen-specific IgG titres and symptom scores in 37 IBS patients. No significant
correlations are seen between symptom scores and IgG titres to crab (a, P=0.426), eggs (b, P=0.657), shrimp (c, P=0.800), soybean (d, P=0.854) and
wheat (e, P=0.794). (f) The individual plots of values for food antigen-specific IgG titres and symptom scores in 28 FD patients. No significant
correlations were seen between symptom scores and IgG titres to eggs (P=0.460) and soybean (P=0.986).

subjects. In IBS patients, elevated food antigen-specific
IgG antibodies to crab, egg, shrimp, soybean and wheat
were observed while elevated food antigen-specific IgG
antibodies to egg and soybean were observed in FD
patients. It should be mentioned that, consistent with the
previous study [23], the antibodies against wheat were
significantly elevated in IBS patients. However, we also
got some raised food antigen-specific antibodies different
from the previous study [23], such as elevated antibody
titres to crab and shrimp instead of beef. This might be due
to the difference between a Chinese diet and a western
diet. More specifically, most of the subjects in this study
are from a coastal area (where this study was performed)

© 2007 The Authors

in China and they are used to consume less beef and more
seafood.

Food allergy can involve different organs and systems
such as the digestive tract, the skin, the respiratory tract
and the cardiovascular system. While dermatologic, re-
spiratory and systemic manifestations of food allergy are
well recognized, the reactions manifested primarily in the
digestive tract can be difficult to recognize, diagnose and
treat. This is due to the protean ways food can cause GI
symptoms, the relatively poorly understood pathophysio-
logic mechanisms and the limited diagnostic methods
available to objectively identify afflicted individuals.
These deficiencies are, in part, a consequence of the

Journal compilation © 2007 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 37 : 823-830
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difficulty accessing the GI tract to establish mechanisms
of disease and develop methods to diagnose and treat food
allergy [28, 29]. Often, patients of this nature are classified
as being psychosomatic or being functional without
defining the real problem. It has been recognized for some
time now that several ‘functional diseases’ might be
associated with food allergy [30-34].

The mechanisms that underlie these increases in IgG
antibody responses to some common foods remain spec-
ulative. The role of IgG and IgA antibodies in the coeliac
disease is well studied [35]. Coeliac disease occurs due to a
delayed immune reaction to gluten in wheat. This causes
intestinal membrane damage, IgG/IgA change and the
resultant diarrhoea, abdominal bloating and anaemia.
Raised IgG antibodies to food antigens have also been
reported in patients with asthma caused by milk allergy
and patients with atopic dermatitis and/or bronchial
asthma caused by soybean allergy [17, 36]. Exclusions of
the offending foods from diet have shown to improve
symptoms in these diseases. Raised food-specific IgG
antibodies may play a similar pathophysiological role in
IBS and FD patients. The allergic food antigens trans-
ported by way of M cells into the lamina propria activate
T helper cells and B cells, increase the production of IgG
and cytokines. Then the increased IgG antibodies and
cytokines lead to the inflammation response of the gut,
which is now believed to play an important role in the
pathogenesis of IBS through inducing alterations in GI
peristalsis, abdominal discomfort and bowel dysfunction.

In addition to the immune inflammation reaction ex-
planation, another possible mechanism that may account
for the elevated IgG antibodies is the alteration in the
permeability of gut mucosa. Theoretically, any increases
in the gut mucosal permeability in IBS and FD patients
might increase the uptake of undigested protein and
increase antigenic load presented to the mucosal immune
system. This may lead to the increased IgG antibody titres
even with a normal physiological response of the gut
immune system. If the above hypothesis is correct, then a
generalized increase in the IgG antibodies to all 14 food
antigens should have been observed. However, in this
study we found that the food-specific IgG antibodies
increased to only some rather than to all food antigens.
The possible explanation is that the patients might have
selective gut permeability to food antigens and the in-
crease of food-specific IgG titres is a specific reaction
rather than a non-specific response to increased gut
mucosal permeability.

In terms of serum food antigen-specific IgE antibody
and total IgE antibody titres, no significant difference was
found in IBS, FD patients and controls. Furthermore, there
were fewer individuals who had positive food antigen-
specific IgE responses compared with food antigen-specific
IgG responses in the studied population. This came as no
surprise, as several other studies also demonstrate that

serum IgE measurements do not correlate well with the
mucosal allergic response in the intestine [28, 37]. This
suggests that an IgE-mediated hypersensitivity response
to food is unlikely to play an important role in most of the
IBS and FD patients.

Both IBS and FD patients reported that GI symptoms
often occur after certain food intake. There was also a
great overlap in the post-prandial dyspeptic symptoms in
the two groups of patients, such as gas problems, pain,
nausea and upper abdominal discomfort. This came as no
surprise, as a high prevalence of overlap between FD and
IBS has been universally reported and some shared
common pathophysiological disturbances might exist in
these GI functional diseases, such as delayed gastric
emptying, visceral hypersensitivity including food hyper-
sensitivity [38-40]. But, interestingly, we were unable to
correlate the level of food-specific IgG antibodies with the
severity of symptoms both in IBS and FD patients in this
study. The underlying mechanisms of the pathogenesis
have not yet been fully defined. Maybe some patients with
food sensitivities have non-allergic food reactions and the
elevated IgG antibodies to food may be secondary to
‘inflammation’ and therefore be more of an epi-phenom-
enon. In these patients, there are no real food allergies or
immunity responses while experiencing symptoms. Psy-
chological factors have also been suggested to be of great
importance for the reported food intolerance in these
patients [41, 42]. In addition, IBS and FD symptoms may
also be related to abnormal intestinal bacteria, caffeine,
alcohol, low dietary fibre, overgrowth of intestinal yeasts
and excessive dietary sugars.

In conclusion, increased antigen-specific IgG antibody
titres for some foods were found in IBS and FD patients
compared with controls but there is no evidence that these
findings contribute to the pathogenesis of these functional
GI diseases. Future studies along these lines are expected
to lead to a better understanding about the role of elevated
food antigen-specific IgG antibodies in these functional
GI diseases.
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