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Food-specific IgGs Are Highly Increased in the Sera of
Patients with Inflammatory Bowel Disease and are
Clinically Relevant to the Pathogenesis
Nanping Xiao 1,3, Fenghua Liu 2, Guangxi Zhou 2, Mingming Sun 2,
Fengfu Ai 4 and Zhanju Liu 1,2

Abstract:
Objective Dietary antigens are common luminal antigens in the gastrointestinal tract and have been considered to contribute to the pathogenesis of inflammatory bowel disease (IBD). We analyzed the levels of foodspecific IgGs against a variety of dietary antigens, explored the clinical relevance of food allergy to the
pathogenesis of IBD, and investigated whether or not infliximab (IFX) treatment could regulate the immune
responses induced by dietary antigens.
Methods A total of 301 IBD patients, including 201 patients with Crohn’s disease (CD) and 100 patients
with ulcerative colitis (UC), were recruited, and their serum food-specific IgGs against 14 food antigens were
detected by a semi-quantitative enzyme linked immunosorbent assay (ELISA). Total serum IgG and IgE levels were measured by immunonephelometry and fluorescent enzyme immunoassay, respectively. Simultaneously, the relevant medical records and clinical data were collected for further analyses.
Results Food-specific IgGs against egg, milk, wheat, corn, rice, tomato, codfish, and soybean antigens were
found to be significantly increased in the sera of CD patients compared with UC patients and healthy controls (p<0.01). The levels of total serum IgG and IgE were also significantly higher in CD patients than in
healthy controls (p<0.01). The titers of corn- and tomato-specific IgGs were found to be significantly correlated with total serum IgG in CD patients (p<0.05), while the titers of egg-, milk-, and wheat-specific IgGs
were correlated with total serum IgE (p<0.05). Interestingly, IFX therapy was able to down-regulate the foodspecific IgG-mediated immune response markedly in active CD patients.
Conclusion Food-specific IgGs against egg, milk, wheat, corn, rice, tomato, codfish, and soybean are
highly increased in the sera of CD patients. IFX treatment was able to down-regulate the levels of foodspecific IgGs by suppressing intestinal inflammation and promoting mucosal healing. Therefore, food-specific
IgGs may serve as an important approach in the diagnosis and management of food allergy in IBD.
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gastrointestinal tract with increasing prevalence throughout
the world. IBD occurs mostly among young people and
often leads to a greatly decreased quality of life, characterized by increased stool frequency, purulent and bloody
stools, abdominal pain, and loss of weight (1-4). Increasing
evidence has demonstrated that IBD results from the dys-

1. Introduction
Crohn’s disease (CD) and ulcerative colitis (UC) are two
major subtypes of inflammatory bowel diseases (IBD),
which are chronic relapsing inflammatory diseases of the
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regulation of the mucosal immune response toward commensal bacterial flora along with genetic and environmental
factors (5-7).
Efforts have been made to explore the link between IBD
and atopy. Bernstein et al. (8) analyzed over 8,000 IBD patients and found that asthma was the most common comorbidity in CD patients. The increased prevalence of atopic
diseases, including eczema, asthma, and allergic rhinitis, was
also reported in IBD (9). Specially, patients with IBD exhibit features resembling those of asthma, such as increased
eosinophil counts in induced sputum and increased airway
hyperresponsiveness, suggesting a close relationship between
IBD and atopy and a shared tendency for mucosal inflammation in the lungs and gut (10, 11). Actually, in addition to
neutrophils and lymphocytes, previous studies on the histological features of IBD have shown the infiltration of
eosinophils in intestinal lesions (12). Furthermore, increased
mast cell numbers and intestinal (tissue or luminal) levels of
mast cell mediators, as well as elevated mast cell degranulation, have also been detected in IBD patients, especially CD
patients (13).
To date, studies concerning food intolerance in IBD have
largely focused on classic food allergies based on IgEmediated antibody responses (14, 15). The levels of total or
food-specific IgEs have been observed to be increased in the
sera of IBD patients (14, 16), and IgE-mediated food allergies are more frequent in IBD patients than in those without
IBDs (17, 18). Nevertheless, reactions mediated by foodspecific IgGs, featuring a more delayed response following
exposure to a particular antigen, are also expected to contribute to adverse reactions in IBD (15), and food-specific
IgGs help physicians identify the candidate food for elimination in IBD patients (19). Furthermore, IgG-mediated adverse reactions have also been reported to be involved in
some cases of food hypersensitivity (20, 21).
Abdominal pain, vomiting and diarrhea are general symptoms of gastrointestinal food allergy resulting from immune
responses. IBD and food allergy may become associated
comorbidities through their pathophysiological progress. In
IBD patients, because of gastrointestinal inflammation and
the subsequent treatment with antibiotics, bacterial dysbiosis
often occurs, breaking the immunologic tolerance to food
antigens, which further facilitates the incidence of food allergy (22). Moreover, allergies to certain foodstuffs enhance
the risk of IBD in genetically susceptible individuals. However, the mechanisms underlying the observed association
between IBD and food allergy have yet to be defined.
With this background, the present study examined the immune responses to dietary antigens in IBD patients and explored the clinical relevance of food allergy to the pathogenesis of IBD. We compared the levels of food-specific
IgGs against 14 food antigens (rice, egg, mushroom, milk,
pork, chicken, beef, crab, codfish, corn, soybean, tomato,
shrimp, and wheat) between IBD patients and healthy controls. The correlation between food-specific IgGs and total
serum IgG and IgE levels was also investigated. Finally, we

examined whether or not infliximab (IFX) treatment was
able to regulate the immune responses induced by food antigens.

2. Materials and methods
2.1 Patients

This study recruited a total of 301 patients with IBD (CD,
n=201; UC, n=100) and 178 healthy controls from June
2013 to January 2016 at the Department of Gastroenterology, the Shanghai Tenth People’s Hospital of Tongji University (Shanghai, China). The diagnoses of CD and UC were
based on clinical, radiological, endoscopic, and histological
criteria. The disease phenotypes of CD patients (age at the
onset, disease location, and behavior) were determined according to the Montreal classification (23). The disease location of UC patients was determined from the endoscopic
findings. The disease activity was scored by the Crohn’s disease activity index (CDAI) in CD patients (24) and the
Clinical Activity Index (CAI) in UC patients (25), and the
severity of intestinal mucosal lesions was graded by the simple endoscopic score for CD (SES-CD) (26). According to
the consensus on the diagnosis of IBD drawn up by European Crohn’s and Colitis Organization (ECCO) (27, 28),
each patient met the diagnostic criteria for CD or UC, and
serum food-specific IgGs were tested during the hospital
visit. Another 178 healthy volunteers were randomly chosen
to represent the general population as healthy controls,
whose checkups were finished in our hospital as a routine
item. Written informed consent was obtained from each participant before experiments. The study was approved by the
Ethics Committee of the Shanghai Tenth People’s Hospital.
All studies involving human subjects conformed to the provisions of the latest revision of World Medical Association’s
Declaration of Helsinki.
2.2 Data collection

The medical records and clinical data of all selected IBD
patients were comprehensively reviewed, and the general
demographic data were summarized with details. The clinical data of IBD patients regarding their gender, age, body
mass index (BMI), duration, classification, treatment (e.g.,
5-aminosalicylate, corticosteroids, azathioprine, and IFX),
CDAI, SES-CD, and laboratory parameters, such as Creactive protein (CRP), erythrocyte sedimentation rate
(ESR), hemoglobin (Hb), and albumin (Alb), were collected.
2.3 An enzyme-linked immunosorbent assay for
food-specific IgG antibodies against 14 common
food-derived antigens

An enzyme-linked immunosorbent assay (ELISA) for the
semi-quantitative analysis of serum food-specific IgGs
against 14 food-derived antigens (i.e., rice, egg, mushroom,
milk, pork, chicken, beef, crab, codfish, corn, soybean, tomato, shrimp, and wheat) was performed using a detection
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gens and total serum IgG, total serum IgE, and CDAI. The
chi-squared test and Fisher’s exact test were used to test for
an association between positive food-specific IgG distribution and age, sex, disease location, and disease behavior. Parameters, including food-specific IgGs against 14 dietary antigens, CRP, ESR, Hb, Alb, and SES-CD, were compared
before and 10 weeks after IFX induction using Student’s ttest. Similar immune responses induced by 14 dietary antigens among IBD patients and healthy controls were clustered by a hierarchical cluster analysis using the Ward
method and the squared Euclidean distances. A discriminant
analysis was used to distinguish between the groups (CD,
UC, healthy controls), and multinomial logistic regression
was used to fit models predicting group membership.
All statistical analyses were performed using the PASW
Statistics software program (version 18.0; SPSS Inc., Chicago, IL, USA). Graphs were generated in the Graphpad
Prism software program (version 3.02; GraphPad Software
Inc., San Diego, CA, USA). A p-value of less than 0.05 (2sided significance testing) was regarded as statistically significant in all analyses.

kit (Biomerica, Inc., Newport Beach, CA, USA) according
to the operation manual. Briefly, the samples were first diluted (1:100) and loaded into the microwells which were
precoated with 14 food-derived antigens together with
blanks and positive controls. The loaded microwells were incubated at room temperature for 60 minutes, and 100 μL of
food-specific IgG-HRP conjugate was then added into each
well. Thereafter, the plates were incubated for another 30
minutes at room temperature, and 100 μL of working substrate mixture were added to each well. The reaction was
stopped using 50 μL of 1N sulphuric acid per well. Finally,
the optical densities were read using an ELISA plate reader
(BioTek, Winooski, VT, USA) at 450 nm. A level of foodspecific IgGs <50 U/ml was considered negative (marked as
”-”), while values of 50-100, 100-200, and !200 U/ml were
referred to as grade +1 (mild sensitivity), grade +2 (moderate sensitivity), and grade +3 (high sensitivity), respectively.
2.4 Total serum IgG & IgE assay

The total serum IgG level was measured by immunonephelometry on a Beckman Image Immunochemistry
System using standard laboratory techniques (Beckman
Coulter, Brea, CA, USA; reference range for healthy people:
total serum IgG: 7-16 g/L). The total serum IgE level was
determined with a fluorescent enzyme immunoassay by ImmunoCAP (Phadia; Uppsala, Sweden) and expressed as kU/
L.

3. Results
3.1 Demographic data of all subjects

The demographics and clinical characteristics of IBD patients and healthy controls (HCs) are shown in Table 1. A
total of 301 IBD patients, including 201 CD (130 males and
71 females) and 100 UC (62 males and 38 females) patients,
as well as 178 HCs (115 males and 63 females) were recruited for our study. In the CD group, the mean diagnostic
age was 35.14±14.21 years. The average disease duration
was 44.41±53.90 months, and the mean BMI was 19.94±
3.38. A total of 52.24% (105/201) of patients had ileocolonic lesions, and 50.25% (101/201) had received IFX treatment. However, the mean diagnostic age was 45.87±17.20
years in the UC group. The average disease duration was
34.56±36.50 months, and the mean BMI was 21.65±3.40.
The proportions of proctitis, left-sided, and extensive type
were 10% (10/100), 27% (27/100), and 63% (63/100), respectively. A total of 58% (58/100) of the patients had received treatment with 5-ASA and corticosteroids drugs. The
majority of CD patients (68.66%, 138/201) were in the active stage, while more than half of UC patients (57%, 57/
100) were in remission or had a mild disease activity (Table 1).

2.5 Flow cytometry

Cells were fixed by 2% paraformaldehyde for 1 hour. After washing with phosphate buffered saline, cells were incubated with PE-conjugated anti-CD20 (BD PharMingen; San
Diego, CA, USA). The cells were analyzed by a flow cytometry (BD FACSCanto II, BD Biosciences; San Diego,
California, USA).
2.6 Detection of food-specific IgGs before and after
IFX treatment

Thirty-one patients were all naïve to biological agent therapy and received anti-TNF mAb (5 mg/kg IFX; Cilag AG,
Schaffhausen, Switzerland) treatment at weeks 0, 2, and 6.
Infusions were delivered over a 2-h period. After the first
session of IFX therapy, the patients were monitored weekly
during follow-up, and serum samples were collected at
weeks 0 and 10 after the first infusion and analyzed for
food-specific IgGs according to the method described previously.
2.6 Data analyses

3.2 A comparison of food-specific IgGs against 14
common food-derived antigens between IBD patients and HCs

Continuous numerical variables are expressed as the mean
±standard deviation (SD). Differences in the levels of foodspecific IgGs against 14 dietary antigens between groups
were analyzed by a one-way analysis of variance (ANOVA),
with Tamhane’s T2 test used in cases of non-homogeneity of
variances. Pearson’s correlation was used to evaluate the
correlation between food-specific IgGs against dietary anti-

The mean levels of food-specific IgGs for each of the 3
groups against 14 food-derived antigens are shown in Table 2. CD patients had significantly higher levels of foodspecific IgGs than the other 2 groups against corn (p<0.01),
codfish (p<0.01), soybean (p<0.01), milk (p<0.01), rice (p<
3
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Baseline Demographic and Clinical Characteristics of IBD Patients.

Variables

CD (n=201)

Females(%)
Age at diagnosis(years)

71 (35.32%)
35.14±14.21 (13, 74)
A1(≤16 years): 14 (6.97%)
A2(17-40 years): 122 (60.70%)
A3>40 years: 65 (32.34%)
19.94±3.38 (13.02, 29.39)
44.41±53.90 (0.25, 360)
L1–Terminal ileum: 43 (21.39%)
L2–Colon: 49 (24.38%)
L3–Ileocolon: 105 (52.24%)
L4–Upper gastrointenstina: 8 (3.98%)
L2+L4: 2 (1%)
L3+L4: 2 (1%)
B1–Non stricturing, non penetrating : 91 (45.27%)
B2–Stricturing: 83 (41.29%)
B3–Penetrating: 27 (13.43%)
P–Perianal disease: 15 (7.46%)
Remission: 63 (31.34%)
Active: 138 (68.66%)

BMI(Kg/M2)
Duration(months)
Location of disease

Disease behavior

Disease activity

UC (n=100)

Incipient/Recurrence
Treatment
5-ASA
Azathioprine
Corticosteroids
IFX
Enteral nutrition
Surgical intervention

142 (70.65%)
76 (37.62%)
82 (40.59%)
101 (50.25%)
29 (14.36%)
58 (28.71%)

HC (n=178)

38 (38%)
45.87±17.20 (17, 83)

63 (35.39%)
47.36±10.78 (24, 80)

21.65±3.40 (13.22, 28.28)
34.56±36.50 (0.5, 168)
E1–Proctitis: 10 (10%)
E2–Left-sided colitis: 27 (27%)
E3–Extensive/pancolitis: 63 (63%)

Remission: 18 (18%)
Mild: 39 (39%)
Moderate: 25 (25%)
Severe: 18 (18%)
Incipient: 38 (38%)
Recurrence: 62 (62%)
97 (97%)
17 (17%)
75 (75%)
5 (5%)
6 (6%)
1 (1%)

HC: healthy controls, BMI: Body Mass Index, 5-ASA: 5-aminosalicylate, IFX: infliximab

Table 2. Levels of Food-specific IgGs against 14 Food Antigens between IBD Patients and Healthy
Controls.
CD (n=201)

Beef
Chicken
Codfish
Corn
Crab
Egg
Mushroom
Milk
Pork
Rice
Shrimp
Soybean
Tomato
Wheat

UC (n=100)

Control (n=178)

Mean

Standard error
of mean

Mean

Standard error
of mean

Mean

Standard error
of mean

p value

0.83
3.91
17.23**##
83.28**##
11.42#
150.06**##
16.45
53.62**##
9.65
73.52**##
8.99
53.76**##
79.62**##
33.94**##

4.59
22.90
53.73
114.79
19.01
199.89
38.48
115.18
51.53
94.89
26.47
92.96
120.52
64.30

0.15
0.61
3.95
7.55
7.04
54.21
10.30
19.13
3.33
3.00
4.11
6.39
10.77
7.55

0.77
2.87
11.75
9.90
14.21
109.42
12.47
50.55
11.80
6.79
9.68
21.58
27.82
10.69

0.93
0.89
4.17
10.67
8.48
36.18
11.46
8.69
3.81
5.94
10.09
4.78
12.34
10.75

4.89
3.34
10.47
14.55
17.51
61.38
15.03
22.78
10.60
10.93
18.81
14.43
21.88
21.86

0.30
0.08
0.00
0.00
0.09
0.00
0.10
0.00
0.17
0.00
0.07
0.00
0.00
0.00

** p<0.01, CD patients vs healthy controls; # p<0.05, ## p<0.01 CD patients vs UC patients

4

Intern Med Advance Publication

DOI: 10.2169/internalmedicine.9377-17

Figure 1. The levels of food-specific IgGs against 8 common daily foods increased markedly in CD
patients. A comparison of food-specific IgGs against corn, codfish, and soybean (A); milk, mushroom,
and pork (B); rice, crab, and wheat (C); shrimp, chicken, and beef (D); and egg and tomato (E) between CD patients, UC patients, and HCs. ** p < 0.01.

0.01), wheat (p<0.01), egg (p<0.01), and tomato antigens (p
<0.01). No significant differences were observed in beef- (p
=0.3), shrimp- (p=0.07), crab- (p=0.09), chicken- (p=0.08),
pork- (p=0.17), or mushroom- (p=0.10) specific IgGs compared with HCs. However, no significant differences in the
food-specific IgGs against 14 dietary antigens were observed
between UC patients and HCs (Table 2) (Fig. 1).
A discriminant analysis showed that patients with CD
could be differentiated by their food-specific IgGs against
14 food antigens, and in the 2-dimensional plot, the clustering between patients with CD and HCs was readily apparent; however, no obvious separation was observed between
the UC group and HCs (Fig. 2). Statistical classification
based on multinomial logistic regression demonstrated the
predictive value to be 74.6% for the CD group, 88.2% for
HCs, and 11% for the UC group, respectively (Table S1). A
cluster analysis suggested that there might be shared allergenic relationships when food-specific IgGs against 14 food
antigens from patients with IBD and HCs were considered
together. For instance, there appeared to be associations between corn and rice, between mushroom and pork, and between beef, chicken, shrimp, and crab (Fig. 3).

3.3 Correlation of food-specific IgGs with the total
serum levels of IgG, IgE, and CDAI in patients with
CD

A Pearson analysis was performed between food-specific
IgGs (against corn, codfish, soybean, milk, rice, wheat, egg,
and tomato antigens) and total serum IgG and IgE levels in
CD patients. The average levels of total serum IgG in patients with CD and UC and HCs were 13.94±3.98, 12.39±
4.30, and 11.42±3.30 g/L, respectively. CD patients had
markedly higher levels of total serum IgG than HCs (p<
0.001), whereas UC patients did not (Fig. 4A). CD patients
showed significantly positive correlations between foodspecific IgGs against corn (r=0.23, p<0.01), tomato (r=
0.173, p<0.05), and the levels of total serum IgG. However,
no significant correlations of food-specific IgGs against codfish (p=0.288), egg (p=0.397), milk (p=0.391), wheat (p=
0.097), rice (p=0.085), or soybean (p=0.910) with total serum IgG were found (Table 3).
The average levels of total serum IgE from subjects with
CD and UC and HCs were 110.72±224.23, 48.61±90.55,
and 29.45±25.09 kU/L, respectively. The average levels of
total serum IgE in CD patients differed significantly from
those in HCs (p<0.01), while there was no marked difference between UC patients and HCs (Fig. 4B). CD patients
5
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Figure 3. The presence of cross-reactive antigen epitopes between food antigens. A dendrogram of all food-specific IgG
data. The dendrogram was developed using the Ward method
of clustering to show food antigens that elicited similar immune
responses in IBD patients and HCs.

Figure 2. Classification of IBD patients and HCs. A linear
discriminant analysis revealed a weighted linear combination
of the 14 “independent variables” (all food-specific IgGs
against 14 food antigens) where the three groups (CD, UC and
HCs) differed as much as possible.

showed significantly positive correlations of food-specific
IgGs against egg (r=0.219, p<0.05), milk (r=0.204, p<0.05),
and wheat (r=0.274, p<0.01) with the levels of total serum
IgE. Nevertheless, no significant correlations of foodspecific IgGs against codfish (p=0.223), corn (p=0.575), rice
(p=0.878), tomato (p=0.873), or soybean (p=0.742) with total serum IgE were seen (Table 3).
In addition, a Pearson analysis showed no correlation between food-specific IgGs against eight food antigens (corn,
codfish, soybean, milk, rice, wheat, egg, and tomato antigens) and CDAI (Table 3).

shown in Table S3, IFX treatment reduced the levels of
food-specific IgGs in these CD patients, although it did not
reach statistical difference, except for egg-specific IgG (p<
0.01). The levels of serum CRP (p<0.01), ESR (p<0.01),
and SES-CD (p<0.01) were found to be significantly decreased, while the levels of Hb (p<0.01) and Alb (p<0.01)
were markedly increased after IFX treatment (Fig. 5). We
also noted that the levels of total serum IgE and percentages
of CD20+ B cells in peripheral blood were not markedly different after IFX treatment from before (Fig. S1). Therefore,
these results suggest that IFX may help reduce the potential
food allergic response by suppressing intestinal inflammation and promoting mucosal healing.

3.4 The relationship between food-specific IgGs and
age, sex, disease location, and disease behavior

4. Discussion

No significant correlations were observed between positive food-specific IgG distribution and sex (p=0.685), disease location (p=0.605), or disease behavior (p=0.758) in
CD patients. However, correlations between age and positive
food-specific IgG distribution were observed (p<0.05) (Table S2).

The gastrointestinal tract, which is the largest immunologic organ in the body, is constantly exposed to an enormous array of exogenous antigens, including commensal
bacteria and ingested food proteins. The intestine has the
unenviable task of identifying and responding to constant
environmental stimuli that can be both dangerous and beneficial. Therefore, failure to induce tolerance to food antigens
is thought to result in food allergies, which is the most
prevalent food-induced pathology (30). IBD results from
complex interactions involving dysregulated immune responses to the microbiota in the gut lumen. Studies on gut
mucosal antigen behavior have shown that in vivo and in vitro data from CD patients both exhibit sensitization in response to specific food antigens (31). The ingestion of different categories of food, e.g. yeast, wheat, corn, and vegetables, sometimes contributes to the worsening of clinical
symptoms in CD patients. Therefore, dietary elimination is
recommended and may be beneficial (19), suggesting the direct association of the food intake with the pathophysiology
of CD. However, thus far, immunological evidence for die-

3.5 Effects of IFX treatment on the levels of food
specific-IgGs against 14 common food antigens

Our previous study demonstrated that IFX treatment was
able to improve the intestinal barrier (29). Therefore, we examined whether or not this kind of therapy could regulate
the levels of food-specific IgGs in the sera from CD patients. To this end, we chose 31 patients in whom foodspecific IgGs against 14 food antigens had been measured
before and 10 weeks after IFX induction, as described previously (29). Among those patients, 19 showed a reduced
number of positive food allergens and a decreased degree of
food allergen sensitivity simultaneously, 10 showed a reduced degree of food allergen sensitivity with an unchanged
number of positive food allergens, and only 2 showed an increased food allergen sensitivity (Table 4). Similarly, as
6
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vation of soybean-specific IgG4 was also reported in CD but
not in UC patients (33). In another study, Lerner et al. reported that patients with CD had higher IgGs against BSA
and β-lactoglobulin A and B than HCs (34). Under other
atopic conditions, increased IgGs against food antigens have
also been reported. Patients with eczema and asthma caused
by milk intolerance have shown raised levels of IgG4 (36).
Similarly, Awazuhara et al. (20) demonstrated strongly reactive IgG4 in patients with atopic dermatitis and/or bronchial
asthma (caused by soybean hypersensitivity). Food-allergic
patients (e.g. peanut allergy and milk allergy) also showed
high levels of allergen-specific IgGs (37, 38). Thus, elevated
food-specific IgGs may play an important etiologic role in
the pathogenesis of CD patients, suggesting that CD is
closely correlated with atopy diseases.
The extent of antibody responses to dietary antigens is the
result of many factors. Regarding protein-rich products, such
as cow’s milk, codfish, and egg, the antigenicity of a specific protein is of great importance. It was reported that, in
cow’s milk, BSA, BLG, and bovine gammaglobulin are the
most antigenic proteins despite their low concentrations.
Specially, caseomorphin, a specific component of casein, is
found to evoke chemotactic responses, which may be involved in the perpetuation of inflammatory process (34).
Jowett et al. (39) have suggested that undigested sulfur proteins may have multiple functions within the colon; for example, their metabolism provides energy for intestinal bacteria, but their final metabolites (e.g. hydrogen sulfide) may
exert toxic effects on the intestines, which may result in intestinal epithelial dysfunction, thereby contributing to the
occurrence of IBD. Foodstuffs such as rice, wheat, corn,
soybean, and tomato are traditional products and some of
the most commonly used ingredients in China. As such,
most Chinese people are frequently exposed to these intestinal antigens. In the study by Bentz, it was found that the
elimination of allergen foods from the diet resulted in a decrease in the IgG levels (19), suggesting a close relationship
between the levels of food-specific IgGs and the amount of
antigen intake. In our study, high antibody titers were observed for codfish, egg, milk, wheat, rice, corn, tomato, and
soybeans. Relevant mechanisms may include differences in
the intrinsic antigenicity of various foods, the impact of protein structure modifications during digestive processes, or
the disturbance of the process concerning antigen load presented to the immune cells associated with the differential
permeability of the gut mucosa to different foods. Therefore,
different foods may lead to differential modification of the
gut immune responses. Of note, no marked changes were
observed in the IgG titers against beef, shrimp, crab,
chicken, pork, or mushroom between CD and HCs. This
may be related to the fact that CD patients subconsciously
avoid the triggering foods (e.g., beef, shrimp, crab, chicken,
pork, and mushroom) to alleviate the antibody response. The
IgG antibody response to different food groups can be a
very complicated process.
Patients with active CD, especially pediatric patients, re-

Figure 4. A comparison of the total serum IgG and IgE levels
between CD patients, UC patients, and HCs. The levels of serum IgG and IgE were determined using the method indicated.
A: Total serum IgG levels in CD patients (n=131), UC patients
(n=53), and HCs (n=61); B: Total serum IgE levels in CD patients (n=126), UC patients (n=43), and HCs (n=50). **p < 0.01
CD.

tary allergies in CD has remained elusive.
In the current study, statistical analyses demonstrated an
obvious increase in the levels of food-specific IgGs in Chinese CD patients compared with HCs against codfish, egg,
milk, wheat, rice, corn, tomato, and soybean antigens, consistent with previous studies (32-34). The selection of the 14
food-derived antigens was based on three immediate concerns: first, the 14 food-derived antigens have been reported
to be associated with IBD (35); second, the 14 food-derived
antigens were the most common daily foods in China; third,
all 14 food-derived antigens can be determined in one detection batch using the Allerquant Food Allergy Screening
ELISA Kit (Biomerica, Inc.). In this way, the results may be
more accurate than in other studies, as all evaluations were
performed using the same detection kit. However, considering the subjectivity of the present investigation, we will include more food-associated antigens to encompass more
food allergenic symptoms and improve the efficiency of allergen selection in future studies. High levels of foodspecific IgGs against grains and vegetables in CD patients
and against soybean, corn, and wheat in IL-10-deficient
mice with colitis have been observed (32). The selective ele7
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Table 3. Correlation of Food-specific IgG Antibodies with Total Serum IgG, IgE and CDAI
in Patients with CD.
Food-specific IgGs
codfish
egg
milk
rice
wheat
corn
tomato
soybean

Total serum IgG (n=131)

Total serum IgE (n=126)

CDAI (n=201)

r

p value

r

p value

r

p value

0.094
0.075
0.076
0.151
0.148
0.23**
0.173*
0.01

0.288
0.397
0.391
0.085
0.097
0.008
0.049
0.91

0.107
0.219*
0.204*
0.014
0.274**
0.05
0.014
0.03

0.223
0.014
0.022
0.878
0.002
0.575
0.873
0.742

0.023
0.124
0.038
-0.057
-0.024
-0.041
-0.075
-0.008

0.749
0.081
0.589
0.423
0.738
0.561
0.291
0.912

* p<0.05; ** p<0.01

portedly have increased intestinal permeability (40). A
breached barrier together with active and persistent inflammation enhances the response of the mucosal innate and acquired immune systems to luminal antigens, such as food
antigens. Under such circumstances, the levels of foodspecific IgGs may increase. In addition, the fact that lymphoid aggregates are more frequently found in the small intestine than in the colon would result in increased IgG production against luminal antigens in CD patients, whereas in
UC patients, colonic inflammation is usually restricted to the
mucosa.
Statistical classification based on the discriminant analysis
and multinomial logistic regression showed that patients
with CD could be readily distinguished from HCs, suggesting that food-specific IgGs may serve as an aid in the diagnosis of CD. According to the cluster analysis, cross-reactive
antigen epitopes between food antigens might exist, but the
clinical significance of such cross-reactivity remains to be
determined. To obtain accurate allergenic sources regarding
individual foods for provoking specific clinical allergies, a
thorough analysis of data from carefully obtained clinical
histories and the application of double-blind, placebocontrolled food challenges is warranted.
The general increase in the levels of total serum IgGs in
CD patients may reflect the generation of a more robust immune response and may also account for the increased levels of food-specific IgGs against food antigen epitopes. Mast
cells express Fc receptors, including IgE and IgG receptors,
and therefore respond to both IgE and IgG (41). Furthermore, serum IgGs have been proven to be involved in
allergen-IgE complexes, which result in binding to B cells
via CR2 and CD23 and thereby influence the allergic response (42). It has been shown that corn- and tomatospecific IgGs correlate with the total serum IgG level, suggesting the exposure to such food antigens or otherwise indicating the presence of non-specific IgGs cross-reacting
with shared epitopes. Accordingly, food-specific IgGs are
not an immediate factor functioning in the inhibition in hypersensitivity reaction caused by food intolerance, instead
serving as a mediation element.
The function of IgE is not conclusively defined in gastro-

intestinal food allergy. Analyses of small bowel aspirates of
food-allergic adults, feces of allergic children, and intestinal
washings of children with atopic eczema have revealed elevated IgE levels (43-45). High levels of IgE are readily produced under normal circumstances in certain rat strains,
whereas higher levels of IgE are found to be increased following primary immunization compared with low-responder
strains (46). Furthermore, Baird et al. (47) found that the
levels of IgE measured by passive cutaneous anaphylaxis in
egg albumin-sensitized rats were proportional to the magnitude of antigen-induced physiological changes. Evidence has
shown that patients with CD had higher levels of IgE in
their sera than HCs (14, 16). In line with these previous
findings, the present study showed significantly higher levels
of IgE in CD patients than in HCs. We also found that the
levels of total serum IgE were positively correlated with
food-specific IgGs against egg, milk, and wheat in CD patients. A likely explanation is that the immune system in the
intestinal mucosal of CD patients tends to react more actively against egg, milk, and wheat antigens than other dietary antigens. Such hyperreactivity of the immune response
may lead to IgE-mediated allergic diseases. The prevalence
of three food antigens (egg, milk, wheat) in provoking food
allergy in IBD resembles the presence of food allergy in
non-IBD patients. Therefore, we suspect that egg, milk and
wheat antigens might be important food allergens in CD patients.
No significant correlation was noted between foodspecific IgGs and CDAI in our study. This may be due to
the fact that CD patients do not reflect a distinct pathophysiology, and various social and cultural factors heavily influence the severity and frequency of their symptoms. Consequently, symptoms may fail to be distinguished between different underlying pathophysiologies. SES-CD may be a
more precise method than CDAI for assessing colonic mucosal lesions, which reflects the real state of disease. However, both of these methods are strongly subjective, and their
scores do not represent the actual state of disease (48, 49).
Our study also showed that the immune response induced
by dietary antigens was independent of sex, disease location,
and disease behavior, and age was found to correlate with
8
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Table 4.
CD patients
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

B
A
B
A
B
A
B
A
B
A
B
A
B
A
B
A
B
A
B
A
B
A
B
A
B
A
B
A
B
A
B
A
B
A
B
A
B
A
B
A
B
A
B
A
B
A
B
A
B
A
B
A
B
A
B
A
B
A
B
A
B
A
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Degree of Food-specific IgGs for Indiviual CD Patient before and after IFX Treatment.
beef

chicken

codfish

corn

crab

egg

mushroom

milk

pork

rice

shrimp

soybean

tomato

wheat

-

-

1+
1+
1+
3+
1+
2+
2+
-

1+
1+
2+
2+
1+
2+
2+
3+
3+
2+
1+
2+
2+
1+
3+
2+
2+
1+
2+
2+
2+
2+
3+
2+
1+
3+
3+
1+
3+
1+

1+
1+
2+
1+
-

2+
1+
2+
2+
2+
3+
2+
2+
3+
3+
2+
3+
3+
3+
1+
1+
3+
2+
1+
3+
3+
3+
3+
2+
3+
1+
3+
3+
2+
1+
1+
1+
2+
3+
2+
3+
1+
1+
3+
3+
3+
3+

2+
1+
1+
2+
1+
-

1+
2+
3+
2+
1+
3+
3+
3+
3+
3+
3+
3+
1+
2+
3+
2+
1+
3+
3+
3+
2+
3+
2+
2+
1+
-

-

1+
1+
1+
1+
1+
3+
3+
2+
1+
2+
2+
1+
2+
1+
2+
1+
2+
2+
2+
2+
2+
2+
2+
3+
3+
1+
3+
3+

2+
1+
-

3+
3+
2+
1+
1+
1+
3+
1+
1+
1+
1+
3+
1+
2+
2+
1+
1+
1+
3+
2+
3+
2+

2+
2+
1+
2+
1+
1+
1+
1+
1+
2+
2+
1+
2+
3+
2+
2+
1+
1+
3+
2+
3+
3+
3+
3+
1+
3+
3+
2+
2+
1+

2+
1+
1+
1+
1+
1+
1+
1+
1+
3+
1+
3+
3+
2+
1+
3+
2+
3+
2+
-

B: Before IFX treatment, A: After IFX treatment

9

Intern Med Advance Publication

DOI: 10.2169/internalmedicine.9377-17

Figure 5. Infliximab (IFX) therapy induces clinical remission and promotes intestinal mucosal
healing in CD patients. The levels of ESR (A), CRP (B), Alb (C), Hb (D), and SES-CD (E) were determined in IFX-treated patients with active CD before and after IFX treatment, as described in the
Materials and Methods. **p < 0.01 compared with those before IFX treatment.

food-specific IgGs.
In the present study, IFX treatment was able to downregulate the immune responses induced by dietary antigens.
Thus far, no decisive evidence supporting the efficacy of
IFX to reduce food allergies has been obtained. However, it
was reported in a previous study that the levels of antimicrobial antibodies in CD patients receiving anti-TNF
treatment were lower than those in CD patients that did not
receive anti-TNF treatment (50). In the present study, we
observed decreased levels of food specific-IgGs after IFX
administration. We hypothesized that food antigens and microbial antigens were all environmental antigens. Therefore,
we inferred that IFX treatment might alleviate food intolerance induced by food specific-IgGs. If anti-TNF treatment
affects the levels of food specific-IgGs, it is unlikely to be
due solely to the effects of this treatment on dampening active disease and acute inflammation, since the levels of food

specific-IgGs are independent of clinical disease activity.
However, anti-TNF therapy is the most effective approach
for the induction of long-term remission and mucosal healing. It is conceivable that suppression of intestinal inflammation and repair of intestinal barrier defects may lead to
decreased food induced immune responses (29, 51), Furthermore, the long-term inhibition of intestinal inflammation and
direct targeting of memory T and B lymphocytes by IFX
may also lead to a reduction in the levels of food-specific
IgGs (52, 53). Therefore, we should interpret these findings
with caution. More samples will be included in our future
study to confirm the current hypothesis. Due to the rich diversity of food and non-food allergens in the gut lumen, the
immune reactions can be very distinct for different allergens,
and the mechanisms underlying how food specific-IgG functions after IFX treatment may be complicated, meriting further study.
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A similar investigation to the present study was performed previously (35). However, conspicuous differences
exist between that study and our own. In the previous study,
the authors first identified the positive state against 14 common food allergens for every CD and UC patient as well as
HC. Then, based on these positive subjects, the positive
rates of food-specific IgG antibodies against 14 common
food allergens were determined. In this way, the authors
found that the top five most-prevalent food allergens causing
positive IgG antibodies in CD patients were egg, rice, corn,
tomato, and soybean. However, with this data processing
method, the authors could not tell if there were significant
differences in the 14 common food allergens among the CD,
UC, and HC groups. Our study’s sample size (301 patients)
was much larger than that in the preceding study (112 samples). With this enlarged sample size, we were able to perform comparisons among the CD, UC, and HC groups and
assess the significance of differences among these groups
from a statistical perspective, which has yielded more direct
implications for clinical practice.
However, despite efforts to improve our study, limitations
still exist. First, the IBD patients initially included in this
study were on different medications, and these medical
treatment certainly could have influenced the measured parameters. However, we kept the medications constant for the
study period in order to minimize such bias. Second, we
only tested 14 common food antigens in this study, which
may have resulted in an insufficient assessment of food intolerance. Therefore, more foodstuffs should be included in
future studies to identify sensitivities. Third, more patients
who received IFX treatment should be recruited in the future, and the follow-up time should be sufficient for each
patient.
In summary, this study has demonstrated that CD patients
have elevated food-specific IgGs against common daily food
antigens, such as egg, milk, wheat, corn, rice, tomato, codfish, and soybean. These food-specific IgGs may mediate
similar pathophysiological routes in CD and other atopic
diseases. Our study also revealed that egg, milk, and wheat
allergy are more frequent in CD patients than other common
daily foods, suggesting that optimizing CD dietary categories may be warranted. IFX treatment may inhibit the immune response induced by food antigens by suppressing intestinal inflammation and promoting mucosal healing.
Therefore, food-specific IgGs may serve as an aid in the diagnosis and management of food allergy in cases of clinically active IBD.
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