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Abstract

Objective: Dietary factors have been indicated to influence the pathogenesis and nature course of inflammatory bowel
diseases (IBD) with their wide variances. The aim of the study was to assess the prevalence and clinical significance of 14
serum food specific immunoglobulin G (slgG) antibodies in patients with IBD.

Methods: This retrospective study comprised a total of 112 patients with IBD, including 79 with Crohn's disease (CD) and 33
with ulcerative colitis (UC). Medical records, clinical data and laboratory results were collected for analysis. Serum IgG
antibodies against 14 unique food allergens were detected by semi-quantitative enzyme linked immunosorbent assay
(ELISA).

Results: Food slgG antibodies were detected in 75.9% (60/79) of CD patients, 63.6% (21/33) of UC patients and 33.1% (88/
266) of healthy controls (HC). IBD patients showed the significantly higher antibodies prevalence than healthy controls (CD
vs. HC, P=0.000; UC vs. HC, P=0.001). However no marked difference was observed between CD and UC groups (P=0.184).
More subjects were found with sensitivity to multiple antigens (=3) in IBD than in HC group (33.9% vs.0.8%, P=0.000). Egg
was the most prevalent food allergen. There was a remarkable difference in the levels of general serum IgM (P=0.045) and
IgG (P=0.041) between patients with positive and negative slgG antibodies. Patients with multiple positive allergens (=3)
were especially found with significant higher total IgG levels compared with slgG-negative patients (P=0.003). Age was
suggested as a protective factor against the occurrence of slgG antibodies (P=0.002).

Conclusions: The study demonstrates a high prevalence of serum IgG antibodies to specific food allergens in patients with
IBD. slgG antibodies may potentially indicate disease status in clinical and be utilized to guide diets for patients.
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Introduction immune reaction in gut with the involvement of intestinal flora
and eventually leads to the bowel inflammation and ulceration [3].

Inflammatory bowel diseases (IBD) include two main types, IBD has long been regarded as a problem threatening public

Crohn’s disease (CD) and ulcerative colitis (UC), both character- health in the Western world. However in recent decades the rising
ized by mucosal ulceration in gut. Patients with IBD suffer from incidence of it in developing nations has made IBD a global issue.
abdominal pain, diarrhea, weight loss and fatigue. As diseases In Asia, according to an epidemiological survey, the rapid
progress, they can cause perianal lesion, abdominal abscess, westernization and modernization may attribute to the condition
intestinal perforation or even canceration as diverse complications. [4]. Among various environmental factors, diet has been
Extraintestinal manifestations including oral ulcer, arthritis, iritis implicated to play a considerable role in the course of IBD [5—
and cholangitis may also occur simultancously [1]. The tenden- 8]. A Japanese study suggested the intake of a high fat diet and
tiousness of the constant alternation of relapses and remissions sweets may associate with CD and UC [9]. Another research also
seriously affects the quality of life in IBD patients [2]. For the pointed an increased consumption of alcohol and red meat might
moment the mechanisms involved in the pathogenesis can be cause higher incidence of relapse in UC patients [10]. Meanwhile
summarized that the influence of environmental factors to food intolerance, which is defined as a reproducible adverse
genetically susceptible individuals triggers abnormal mucosal reaction to specific food or food ingredients, has become more

common in recent years [11-12]. Banai J. considered all kinds of
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food could be antigenic properties to cause chronic mild
inflammation in gut and eventually lead to ulcerative colitis [13].
For example, intolerance to milk has long been believed involving
in the pathogenesis of IBD [14,15]. Glassman et al reported during
infancy stage the frequency of symptoms compatible with milk
protein sensitivity was greater in UC compared with control
population (P<<0.03) [16]. Furthermore patients who underwent
milk intolerance were found to develop UC at an earlier age
compared to those without a history of hypersensitivity to milk
(P<<0.02) [16]. The statistics suggested the early antigenic stimuli
might play a role in development of IBD at a later age [17].
However the causality of food intolerance and IBD still remains
controversial and needs further researches to figure out.

Studies on food adverse reactions mediated by immunoglobulin
G (IgG) in certain intestinal diseases, such as irritable bowel
syndrome (IBS), have been increasingly reported [18-19]. Re-
searchers used to mainly focus on food intolerance classically by the
presence of serous IgE antibodies but it seemed that the
characteristically immediate allergic reactions were quite rare in

PLOS ONE | www.plosone.org

Table 1. Demographic data of all subjects.

Clinicopathological features CD (N=79) UC (N=33) HC (N=266)
Male (n, %) 47(59.5) 18(54.5) 146(54.9)
Female (n, %) 32(40.5) 15(45.5) 120(45.1)
Age (yr) (mean, 95% Cl) 36.5(33.6-39.4) 40.7 (35.9-45.7) 46.4(45.2-47.6)
Age range (yr) 18-68 17-73 24-71
Duration of disease (yr) (n, %)

<1 21 (26.6) 13 (39.4) /

1-5 38 (48.1) 11 (33.3) /

5-10 16 (20.3) 7 (21.2) /

>10 4 (5.1) 2 (6.1) /
Disease activity (n, %)

Remission 7 (8.9) 0(0) /

Mild 16 (20.3) 12 (36.4) /
Moderate 33 (41.8) 14 (42.4) /

Severe 23 (29.1) 7 (21.2) /
Localization of disease (n, %)

L1 (terminal ileum) 40 (50.6) / /

L2 (colon) 10 (12.7) / /

L3 (ileocolon) 29 (36.7) / /

E1 (rectum) / 1(3.0) /

E2 (left-sided colon) / 14 (42.4) /

E3 (entire colon) / 18 (54.5) /
Complications of disease (n, %)

None 32 (40.5) 31 (93.9) /

1 item 42 (53.2) 2 (6.1) /

2 items 5 (6.3) / /
Extraintestinal manifestations (n, %)

None 60 (75.9) 26 (78.8) /

1 item 18 (22.8) 7 (21.2)) /

2 items 1(1.3) / /
Intestinal surgery 15 (19.0) 0 (0.0) /

CD: Crohn'’s disease; UC: ulcerative colitis; HC: healthy controls; yr: year; 95% Cl: 95% confidence interval; L1,L2,L3: disease localization of Crohn’s disease by Montreal
Classification; E1,E2,E3: disease localization of ulcerative colitis by Montreal Classification.

doi:10.1371/journal.pone.0112154.t001

some conditions [20-21]. By contrast, the circulating IgG
antibodies provide a more delayed or even asymptomatic response
after the exposure to a unique food antigen [22]. Considering that
IBD patients mostly suffer a long course of the chronic disease, we
hypothesize IgG may have a stronger relevance with IBD than IgE.
Food is a complicated field to study because of its enormous
varieties. In another way this feature also makes it a resource palace
for us researchers to explore. In this study we aimed to identify the
prevalence and significance of 14 food specific IgG antibodies in
IBD patients through serological investigation. We expected the
results may provide a more clear and detailed connection between
food intolerance and IBD in our patient population as well as a
supporting evidence for the antibody test to serve the clinical.

Subjects and Methods

Ethics Statement
This study was approved by Medical Ethics Committee of Ren
Ji Hospital of Shanghai Jiao Tong University School of Medicine.
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Figure 1. Positive rate of food-specific IgG antibodies in
Crohn’s disease (CD), ulcerative colitis (UC) and healthy control
(HC) groups. Chi-square test, *** P<0.001, **P<0.005, n.s. not
significant.

doi:10.1371/journal.pone.0112154.g001

Informed consent wasn’t applied as the medical records and
private information of all the subjects were anonymized and de-
identified prior to analysis.

Subjects

The study included a total of 112 patients with CD (n=79) or
UC (n=33) in Ren Ji Hospital from June 2011 to December 2013.
All patients met the diagnostic criteria for CD or UC according to
the consensus on the diagnosis of IBD drawn up by European
Crohn’s and Colitis Organization (ECCO) [23,24] and were
serologically tested of the food sIgG antibodies during their visit in
hospital. In addition another 266 people, who came to our Health
Care Centre to do checkups which contained the test as a routine
item, were randomly chosen to represent the general population as
healthy controls (HC).

Data Collection
Medical records and clinical data of all the IBD patients were
comprehensively reviewed and the general demographic data were

summarized. The disease severity of CD or UC was based on
Harvey-Bradshaw Index [25] or Modified Truelove-Witts Classi-
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Figure 2. Distribution of the number of positive allergen(s)
with positive rate of food-specific IgG antibodies in patients
with inflammatory bowel diseases (IBD) and healthy controls
(HCQ). Chi-square test, *** P<<0.001, n.s. not significant.
doi:10.1371/journal.pone.0112154.g002

November 2014 | Volume 9 | Issue 11 | e112154



100+

80+

60

40+

20+

Positive rate of food-specific IgG antibodies(%)

ATIIITIIITITTTITIITTTTTTTTET T T TS SEERUUUUURRRS

AN

ol

2 O & &
Q~‘° ('/Q’Q@O Q\\

&~

& & & 0»
$ ) () >
Q° ,&a*' X

<

Food Specific IgG antibodies in Patients with IBD

AN

. e oy

(]
s‘\\"}\ O‘o z?o & \@Q ,000
Gob o * O& 6&
%0

Figure 3. Distribution of positive food allergens in Crohn’s disease (CD), ulcerative colitis (UC) and healthy control (HC) groups.

doi:10.1371/journal.pone.0112154.g003

fication [26], respectively. The disease localization of both CD and
UC was determined by Montreal Classification [27]. The
complications that patients carried consisted of fistula, abdominal
abscess, intestinal obstruction, perianal disease, hemorrhage of
gastrointestinal tract and acute perforation. The simultaneous
extraintestinal manifestations included oral ulcer, sacro-ilitis,
rheumatoid arthritis, iritis, primary sclerotic cholangitis, hepatic
adipose infiltration and cholelithiasis. Relevant laboratory findings
contained peripheral white blood cell (WBC) counts, eosinophile
granulocyte (EOS) counts, lymphocyte (LYM) counts, haemoglo-
bin (Hb), serum albumin, erythrocyte sedimentation rate (ESR),
high-sensitivity C-reactive protein (hs-CRP), serum total immu-
noglobulin (IgM, IgA and IgG) and anti double-stranded DNA
antibodies (anti-dsDNA).

Enzyme Linked Immunosorbent Assay (ELISA)

ELISA tests for the semi-quantitative analysis of serum IgG
antibodies to 14 unique food allergens, including rice, ecgg,
mushroom, milk, pork, chicken, beef, crab, codfish, corn, soybean,
tomato, shrimp and wheat, were performed by the detection kit
according to the operation manual (Biomerica, Inc. USA). The
IgG concentration less than 50U/ml was considered negative

Table 3. Distribution of food specific IgG antibodies in different

(Grade 0). The values between 50-100U/ml, 100-200U/ml and
more than 200U/ml were represented mild sensitivity (Grade +1),
moderate sensitivity (Grade +2) and high sensitivity (Grade +3),
respectively.

Data Analysis

Statistics were performed with SPSS 19.0 (SPSS Inc. USA).
Enumeration data were analyzed using chi-squared test, in which
rates of multiple samples were compared by RxC contingency
table analysis. Continuous numerical variables were expressed in
the form of mean with 95% confidence interval (95% CI) and
analyzed by Student’s ¢ test. Regression analysis was utilized to
identify the correlation/risk factors among variables. Two-tailed
P-value<<0.05 was regarded statistically significant.

Results

Demographic data of all subjects
The characteristic information of IBD patients and healthy
controls were summarized in Table 1.

disease localizations.

Localization slgG antibodies (+) slgG antibodies (—)
(n, %) (n, %)

Only small intestine (N=40) 33 (82.5) 3(17.5)

Only large intestine (N=43) 26 (60.5) 17 (39.5)

Both small & large intestine (N=29) 22 (75.9) 7 (24.1)

P-value 0.072%

doi:10.1371/journal.pone.0112154.t003
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A Chi-square test (RxC contingency table analysis), not statistically significant (P>0.05).

November 2014 | Volume 9 | Issue 11 | e112154



Food Specific IgG antibodies in Patients with IBD

Table 4. Distribution of food specific IgG antibodies at different IBD activity status.

Disease status slgG antibodies (+)

Multiple positive (=2)

High sensitivity

n (%) n (%) n (%)
Remission (N=7) 6 (85.7) 5(71.4) 3 (42.9)
Mild (N=28) 18 (64.3) 7 (25) 9 (32.1)
Moderate (N =47) 35 (74.5) 23 (48.9) 18 (38.3)
Severe (N=30) 22 (73.3) 14 (46.7) 14 (46.7)
P-value 0.647° 0.079" 0.719%

doi:10.1371/journal.pone.0112154.t004

Prevalence of serum IgG antibodies to 14 unique food

allergens

Food specific IgG antibodies were detected positive in 75.9%
(60/79) of CD patients, 63.6% (21/33) of UC patients and 33.1%
(88/266) of HC (Table 2). The antibodies showed a significantly
higher frequency in both CD and UC groups than in healthy
controls (CD vs HC, P =0.000; UC vs HC, P =0.001) (Figure 1).
However, there was no significant difference between CD and UC
groups (P =0.184). In general the total positive rate of all IBD
patients was 72.3% (81/112), higher than the control group
(P =0.000). Among them 28.6% (32/112), 9.8% (11/112) and
33.9% (38/112) of subjects were respectively sensitive to one, two
and more than two food allergens while the corresponding ratios
of healthy controls were 26.7% (71/266), 5.6% (15/266) and 0.8%
(2/266). There were more subjects who got intolerant to 3 or more
antigens in IBD group than in HC group (P =0.000) (Figure 2).

In the present study, the top five prevalent food allergens which
caused positive sIgG antibodies in CD patients were egg (44/60,
73.3%), rice (34/60, 56.7%), corn (34/60, 56.7%), tomato (28/60,
46.7%) and soybean (26/60, 43.3%). Besides, the top five
prevalent food allergens in UC group were egg (17/21, 81.0%),
rice (3/21, 14.3%), corn (3/21, 14.3%), tomato (2/21, 9.5%) and

“Chi-square test (RxC contingency table analysis), not statistically significant (P>0.05).

milk (2/21, 9.5%). And healthy controls demonstrated the
compositions of egg (61/88, 69.3%), milk (13/88, 14.8%), crab
(13/88, 14.8%), codfish (5/88, 5.7%) and shrimp (5/88, 5.7%),
which were similar to the results of a reported epidemiological
survey in general population [28]. Figure 3 showed the
distribution of positive food allergens in CD, UC and HC groups.

Association of food specific IgG antibodies with
inflammatory segments

To analyze the association between food sIgG antibodies status
and disease extent in gut, all 112 patients were divided into three
subgroups according to endoscopic results (Table 3). The positive
rate was found higher (82.5%) in patients with only small intestine
involved but the statistical difference wasn’t remarkable

(P=0.072).

Relevance of food specific IgG antibodies with disease
activity

We divided all 112 IBD patients into four subgroups according
to clinical disease activity and compared the ratios of patients with
positive IgG antibodies, multiple positive antibodies (=2) and high
sensitivity to at least one food allergen (Table 4). Although the

Table 5. Comparison of laboratory results in IBD patients with positive and negative food specific IgG antibodies.

slgG antibodies (+)

slgG antibodies (—)

Laboratory results P-value
(N=81) (N=31)

WBC (x10%/L) 7.15(6.50-7.86) 6.66(5.79-7.56) 0.437
EOS (x10%/L) 0.16(0.12-0.23) 0.15(0.10-0.21) 0.833
LYM (x10°/L) 1.44(1.31-1.59) 1.54(1.32-1.81) 0.501
Hb (g/L) 114.31(109.52-119.06) 114.23(104.84-122.58) 0.986
Albumin (g/L) 36.19(34.82-37.72) 35.98(33.67-38.28) 0.889
ESR (mm/h) 28.07(23.01-33.58) 21.35(15.65-27.61) 0.160
hs-CRP (mg/L) 18.84(13.78-23.89) 11.75(6.51-18.51) 0.083
IgM (g/L) 1.22(0.99-1.49) 0.79(0.60-1.03) 0.045*
1gA (g/L) 2.80(2.37-3.27) 2.60(2.13-3.05) 0.597
19G (g/L) 12.90(11.94-13.94) 10.92(9.50-12.48) 0.041*
anti-dsDNA (IU/mL) 3.31(2.85-3.75) 3.56(2.72-4.61) 0.609

Statistics were expressed as mean with 95% confidence interval.

Student’s t test, *P<<0.05.
doi:10.1371/journal.pone.0112154.t005

PLOS ONE | www.plosone.org

Normal range: white blood cell (WBC), 3.69-9.16 x10°%/L; eosinophile granulocyte (EOS), 0.02-0.50 x10%/L; lymphocyte (LYM), 0.8-4.0 x10°/L; haemoglobin (Hb), 113-
172 g/L; albumin, 35-55 g/L; erythrocyte sedimentation rate (ESR) 0-20 mm/h; high-sensitivity C-reactive protein (hs-CRP), 0-3 mg/L; immunoglobulin M (IgM) 0.4-
2.3 g/L; IgA, 0.7-4.0 g/L; IgG, 7-16 g/L; anti double-stranded DNA antibodies (anti-dsDNA), 0-7.0 1U/mL
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Figure 4. Serum total IgG values in inflammatory bowel disease
patients with multiple positive food allergens. Statistics were
shown as mean = standard deviation. Chi-square test, * P<<0.05; ** P<
0.005, n.s. not significant.

doi:10.1371/journal.pone.0112154.9g004

general antibodies and multi-antibodies were found more common
in remission group (85.7% and 71.4%) while the patients who
were highly sensitive to specific food allergens seemed to be severer
(46.7%), there was no significant differences among the four
subgroups.

To further analyze the possible association with several
laboratory values related to disease activity, IBD patients were
classified into positive and negative IgG antibodies subgroups
(Table 5). We did find a notable difference in general serum IgM
(P=0.045) and IgG (P =0.041) levels between the two groups.
Mean values of WBC, ESR and hs-CRP in the positive patients
were recognized higher compared with the other group although
no marked differences were found. The rest lab findings of the two
groups were resembled.

Considering the relative levels of total IgG in relation to antigen
specific IgG, we then divided all the IBD patients into 4 groups
according to the number of positive allergen(s) (0, 1, 2, =3) and
compared the difference of serum general IgG values among the
groups (Figure 4). The mean values of each group were 10.92
(9.50-12.48) ¢/L, 12.24 (11.31-13.32) g/L, 13.08 (11.31-14.97)
g/L and 13.42 (12.24-14.58) g/L, respectively. Patients with
multiple positive allergens (=2) were found with significant higher
total IgG levels than sIgG-negative patients (P =0.044, P =0.003,
respectively).

Food Specific IgG antibodies in Patients with IBD

Predictors for the occurrence of food specific IgG
antibodies

To further identify the predictive factors, we utilized binary
logistic regression analyses of several demographic and clinical
parameters. The independent variables contained disease type
(CD/UCQ), gender, age, complication, extraintestinal manifestation
and intestinal surgery (Table 6). Only age was found as a
predisposing as well as protective factor against the development of
serum food-related IgG antibodies (P = 0.002).

Discussion

In the present study, we have demonstrated that IgG antibodies
against food specific allergens are distinctly elevated in IBD
patients compared with healthy controls. This serologic antibody
mnvestigation is served as an aid in the diagnosis and management
of food intolerance in clinical activities [29]. Food intolerance can
be defined as a series of unpleasant symptoms including
eructation, abdominal pain, diarrhea, fatigue, headache and
palpitation after the intake of particular food products [29]. It is
usually caused by enzyme deficiency as well as pharmacological
effects of vasoactive amines present in foods. When certain food
can’t be fully digested, bodies may produce specific IgG antibodies
which would form immune complexes with food particles and lead
to excessive protective immune responses [30]. Food intolerance is
not so similar to food allergy as the latter mainly occurs through
the classically immediate IgE-mediated antibody responses and the
obvious symptoms can be detected by most patients [31].
Meanwhile, IgG-mediated reaction characteristically acts as a
particular delayed-type hypersensitivity response after the expo-
sure to antigens and sometimes the symptoms are too occult for
patients to recognize [22]. Some investigators considered them to
be physiological since that the food sIgG antibodies can appear in
healthy individuals [32], which was also proved in our data.
However, several studies including our results have shown the
higher prevalence of sIgG antibodies to food in IBD patients or
animal models in contrast to normal controls [19,33], which
arouse the attention to the relevance between IBD and food
intolerance. Van Den Bogaerde et al. used colonoscopic allergen
provocation test to determine the gut mucosal response to food
antigens in Crohn’s disease [34]. This intuitionistic study provided
both in vivo and in vitro evidence that CD patients were more
sensitive to exogenous food antigens than healthy people and the
reactions were gut specific.

Food sIgG antibodies were discovered frequent in IBD patients
with small intestine involved in the present research, which
resembled the result of a study on the correlation of lactose
malabsorption and disease segments [35]. Mishkin ef al. demon-

Table 6. Correlation of food specific IgG antibodies with demographic and clinical parameters.

Parameters Odds ratio 95% CI P-value
Disease type (CD vs. UC) 1.167 0.389-3.498 0.783
Gender 0.758 0.306-1.879 0.549
Age 0.945 0.912-0.979 0.002**
Complication 2.269 0.719-7.157 0.162
Extraintestinal manifestation 1.302 0.438-3.868 0.635
Intestinal surgery 1.613 0.329-7.905 0.556

95% Cl: 95% confidence interval; CD: Crohn’s disease; UC: ulcerative colitis.
Binary logistic regression, **P<<0.005.
doi:10.1371/journal.pone.0112154.t006

PLOS ONE | www.plosone.org
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strated that CD of the proximal small bowel (duodenum, jejunum),
terminal ileum, terminal ileum plus colon and colon alone were
related with lactose malabsorption of 100%, 68.1%, 54.5% and
43.5%, respectively. Regression analysis of our data indicated age
as a protective factor of food intolerance in IBD patients, which is
opposite to the result of a cross sectional epidemiological study in
other area of China [28]. We assume the difference might be
associated with age structure of onset as inflammatory bowel
diseases, especially Crohn’s disease, tend to occur in younger
people based on our clinical observation.

A survey demonstrated that 15.6% IBD patients believed diet
could initiate the disease while 57.8% were convinced certain
foods could play a role in causing relapses [36]. In our study, we
found food sIgG antibodies were more frequent in patients who
were during remission. Meanwhile, the patients who were highly
sensitive to food allergens tended to be serious in disease activity
and mean levels of ESR and hs-CRP were detected higher in
sIgG-positive patients. Although the results didn’t show statistical
significance, they did provide us with a tendency. We consider the
few remission cases (only 7) contributed to the above conflicting
results.

The increased serum IgM values tested in sIgG-positive patients
may indicate recent infection. Besides, we also found a higher level
of serum total IgG antibodies in patients with positive allergens,
especially with multiple ones in the study. The general increase on
IgG levels may be an important reason for the increased amount
of sIgG antibodies against food epitopes. It has been reported that
mast cells can respond not only to IgE antibodies but also to IgG
antibodies [37]. In addition IgG antibodies in food allergy may
even influence allergen-IgE complex formation and bind to B cells,
which is quite opposite the traditional concept that IgG antibodies
are supposed to inhibit these processes [38]. Therefore IgG
antibodies probably serve as mediation effects rather than
inhibition in hypersensitivity reaction caused by food intolerance.
Serum sIgG antibodies to non-food related antigens are mostly
studied within inhaled antigens in respiratory allergic disorders
such as asthma. Wang et al. investigated the relevance between
asthma morbidity and sIgE/sIgG levels to inhaled allergen
exposure [39]. They concluded that sIgE levels could serve as
markers of asthma however sIgG was not that important as
predictor or modifier. Due to the rich diversity of food and non-
food allergens, we believe that the immune reactions can be very
distinct for different allergens and the mechanisms of how sIgG
functions may be complicated and needs further study.

How IBD and food intolerance interact with each other remains
controversial. Disruption of epithelial tight junctions causes
hyperpermeability in the gut of IBD patients and allows the
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