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Abstract
Background: Oral immunotherapy (OIT) use in patients with wheat anaphylaxis is 
not well studied. We assessed the efficacy of low-dose OIT for patients with wheat-
induced anaphylaxis.
Methods: Eligible subjects were aged 5-18 years with a history of wheat anaphylaxis 
and confirmed symptoms during oral food challenge (OFC) to 53 mg of wheat pro-
tein. After admission to the hospital for a 5-day buildup phase, patients in the OIT 
group gradually increased wheat ingestion to 53 mg/day and then ingested 53 mg 
daily at home. One year later, they underwent 53- and 400-mg OFCs after OIT ces-
sation for 2 weeks. The historical control group was defined as patients who avoided 
wheat during the same period.
Results: Median wheat- and ω-5 gliadin-specific immunoglobulin E (sIgE) levels were 
293 and 7.5 kUA/L, respectively, in the OIT group (16 children). No patients dropped 
out. Within 1 year, 88% of patients in the OIT group reached 53 mg. After 1 year, 69% 
and 9% patients passed the 53-mg OFC and 25% and 0% passed the 400-mg OFC 
in the OIT and control groups (11 children), respectively (P = .002 and 0.07, respec-
tively). In the OIT group, wheat- and ω-5 gliadin-sIgE levels significantly decreased to 
154 and 4.1 kUA/L, respectively, at 1 year, and wheat- and ω-5 gliadin-specific IgG 
and IgG4 levels significantly increased at 1 month. Anaphylaxis developed 7 times 
and promptly improved without adrenaline.
Conclusion: For patients with wheat anaphylaxis, low-dose OIT safely induces im-
munologic changes, achieves low-dose desensitization, and may allow for a 400 mg 
dose.
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1  | INTRODUC TION

Wheat is a major cause of food allergy1,2 accounting for 17.7% of ana-
phylactic food reactions in Japan.3 While most infants with wheat al-
lergy acquire tolerance, school-aged children are unlikely to do so.4,5 
Furthermore, patients with severe wheat allergy, such as those with 
high wheat-specific immunoglobulin E (sIgE) levels and a history of ana-
phylaxis, have difficulty in acquiring tolerance.4,5 Even if wheat allergy 
patients ingest low doses of wheat, anaphylaxis may develop.6

Although the efficacy of oral immunotherapy (OIT) has been 
reported, severe adverse reactions often occur.7-10 Particularly, 
high levels of antigen sIgE pose a risk for severe adverse reactions 
during wheat OIT.11-15 Therefore, safer methods of wheat OIT are 
necessary.

The efficacy of low-dose OIT for patients with hen's egg, cow's 
milk, and peanut allergy has been recently reported.16-20 Moreover, 
low-dose OIT is safer than conventional OIT, enabling patients to 
ingest low doses in their diet without developing symptoms.9,21 
Furthermore, low-dose OIT may be effective in preventing symp-
toms caused by accidental ingestion. 20,22 Herein, we assessed low-
dose OIT efficacy and safety for children with severe wheat allergy 
with the aim of preventing symptoms from accidental exposure by 
contamination.

2  | Methods

2.1 | Study design

This was a prospective nonrandomized trial conducted at 
Sagamihara National Hospital between 2013 and 2015. The par-
ticipants were children aged 5-18 years with a history of wheat ana-
phylaxis. Anaphylaxis was defined according to the World Allergy 
Organization guidelines.23,24 The criterion for eligibility was devel-
opment of objective reactions during an oral food challenge (OFC) to 
53 mg of wheat protein.

Because many facilities perform OIT in Japan and our facility is 
an allergic care core hospital,25 patients visited our hospital to re-
ceive OIT; thus, it was difficult to conduct a randomized controlled 
trial (RCT). Therefore, we designed a historical control group con-
sisting of children aged 5 years or over with a history of anaphylaxis 
who developed reactions upon 53-mg OFC between 2013 and 2015 
and who strictly avoided wheat up to the second OFC for 1 year. 
All patients underwent a 53-mg OFC 1 year later. If they passed the 
53-mg OFC, they underwent a 400-mg OFC (Figure 1).

2.2 | OFC

We used approximately 2 g of boiled udon noodle, containing 53 mg 
of wheat protein, for the baseline OFC, and 15 g of boiled udon noo-
dle, containing 400  mg of wheat protein (equivalent to a piece of 
cookie/biscuit), for the final OFC for both groups.

A quarter of OFC food was provided initially, and the remaining 
three-quarters were provided 60  minutes later. Positive OFC was 
defined as objective symptom appearance, at which point the intake 
was discontinued. We assessed the severity of symptoms as mild, 
moderate, or severe based on the Japanese guidelines for food al-
lergy (Table S1).26 If the baseline OFC was positive, OIT was started 
the next day.

2.3 | OIT protocol

Patients were admitted to the hospital for 5 days. Premedication with 
10 mg of loratadine was administered, and then, patients consumed 
the wheat at half the threshold of the baseline OFC (Figure 2). Our 
OIT protocol entailed an 8-step increase in the dose starting from 2.7 
to 53 mg. If there were no or mild symptoms, the amount for the next 
day was increased by 1 step (Table S2). At the beginning of OIT, we 
instructed guardians on symptom management and that adrenaline 
auto-injector should be promptly used in case of anaphylaxis.23,24 
We asked them to keep a daily record of ingestion detail and sever-
ity of symptoms. Furthermore, we offered direct telephone support 
for OIT patients 24  hours a day, 365  days a year. After discharge, 
the same dose as that ingested on the fifth day was to be continued 
every day for 1 month. After that, if the patients were able to ingest 
wheat while asymptomatic for 5 consecutive days, as with other pre-
viously described antigen low-dose OIT protocols,17-19 the dose was 
increased at the patients’ home by 1 step up to 53 mg per day. If mod-
erate or severe symptoms appeared, the dose was decreased by one 
or two steps, respectively. If patients were able to ingest 53 mg for 
1 month without being symptomatic, premedication was terminated. 
One year after initiation of OIT, patients underwent 53- and 400-mg 
OFCs on 2 consecutive days after the cessation of OIT for 2 weeks. If 
patients had passed these OFCs, they were allowed to ingest 15 g of 
udon noodle or a piece of cookie/biscuit in their daily diet.

2.4 | Definition

“Low-dose desensitization” was defined as when patient could in-
gest 53 mg without symptoms. Meanwhile, “short-term unrespon-
siveness to 400 mg” was defined as passing the 400-mg OFC after 
2 weeks of complete elimination. Japanese food allergy guideline de-
fines 50-75 mg as a “low dose,” equal to the lowest level of contami-
nation, and 400-1300-mg as a “medium dose.”26 If patients were able 
to ingest 400 mg, they were allowed to intake 15 g of udon noodle 
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or a piece of cookie/biscuit in their daily diet. Therefore, the risk of 
symptom from accidental exposure would decrease if patients could 
consume 400 mg. In addition, the risk of resuming intake after an 
unexpected discontinuation due to viral infections would decrease if 
patients were able to consume wheat after 2 weeks of avoidance. 27

2.5 | Immunologic parameters

sIgE, specific IgG (sIgG), and specific IgG4 (sIgG4) to wheat and ω-5 
gliadin were measured using ImmunoCAP assay system (Thermo 
Fisher Scientific/Phadia AB) at baseline and after 1, 3, 6, and 
12 months in the OIT group and at baseline and 12 months in the 
historical control group.

2.6 | End-points

The primary end-point was short-term unresponsiveness to 400 mg 
after 1 year. The secondary end-points were passing the 53-mg OFC 
after 2 weeks of avoidance, changes in laboratory data, and adverse 
reactions within 1 year.

2.7 | Statistical analysis

The derived values are summarized as the median and range. 
Differences in categorical data were analyzed using Fisher's exact 
test, while differences in continuous variables between the 2 groups 
were tested using Wilcoxon rank-sum tests. A P-value  <  .05 was 

F I G U R E  1   Patient inclusion flowchart. 
OFC: oral food challenge; OIT: oral 
immunotherapy

2 had no or mild symptoms

19 patients underwent baseline wheat OFC
(2013 July–2015 March) 

1 did not receive OIT
(did not agree to the protocol)

16 patients received wheat OIT
(OIT group)

1 had ingested a small amount
of wheat until 2nd OFC 

42 patients showed objective symptoms with
less than 53 mg of wheat protein

11 patients underwent 2nd OFC from 2014 to 2016
(Historical control group)

597 patients underwent baseline wheat OFC
(2013-2015)

168 patients were over 5 years of age

28 did not undergo 2nd OFC
(developed symptoms due to accidental
exposure and did not agree)

2 underwent 2nd OFC within 1 year 

F I G U R E  2   OIT protocol. OIT: oral 
immunotherapy; OFC: oral food challenge
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considered significant. All data were processed and summarized 
using SPSS 24.0 software (IBM Corp.).

2.8 | Ethical considerations

This study was conducted in accordance with the Declaration of 
Helsinki and was approved by the Sagamihara National Hospital 
Ethics Committee (Approval No.: 2013070916). The study design 
and risk of symptoms were explained to all patients and their guard-
ians, and written informed consent and assent were obtained. All 
data were anonymized prior to analysis.

3  | RESULTS

3.1 | Study population

Nineteen patients with wheat anaphylaxis underwent the 53-mg 
OFC. Two had no symptoms during OFC. One did not agree to the 
OIT protocol. Therefore, 16 patients received the low-dose wheat 
OIT. The historical control group consisted of 11 patients (Figure 1). 
In the OIT group, the median threshold of baseline OFC was 39.8 mg, 
and the median wheat- and ω-5 gliadin-sIgE levels were 293 kUA/L 
and 7.5 kUA/L, respectively. There were no significant differences 
between the 2 groups (Table 1).

3.2 | Clinical outcomes

None of the patients dropped out from the protocol. During the 
hospitalization at the beginning of OIT, 5 of the 16 patients (31%) 
had no symptoms. Within 1 year, 14 patients (88%) achieved low-
dose desensitization (median, 2 months; range, 1-8 months). Two pa-
tients (13%) did not reach 53 mg because of adverse reactions (one 
due to skin symptoms and one due to mucosal and gastrointestinal 
symptoms) at home. Ingestion amount was 39.8 mg and 18.6 mg at 
12  months, respectively. One year after start of OIT, 11 patients 
(69%) passed the 53-mg OFC, following 2 weeks of OIT cessation. 
Furthermore, 4 patients (25%) passed the 400-mg OFC the next 
day; therefore, they were defined as having a short-term unrespon-
siveness to 400 mg. By contrast, a single patient passed the 53-mg 
OFC, and no patient passed the 400-mg OFC in the historical con-
trol group. The proportion of patients passing the 53-mg OFC was 
significantly higher in the OIT group than in the historical control 
group (P =  .002). Meanwhile, the number of participants achieving 
short-term unresponsiveness to 400 mg tended to be higher in the 
OIT group than in the historical control group (P = .07) (Figure 3).

3.3 | Adverse reactions

We analyzed adverse reactions for all patients from baseline to 
12  months in both OIT and historical control groups (Table 2). We 

  OIT group (n = 16)
Historical control 
group (n = 11) P value

Age (years) 6.7 (5.8-10.7) 6.4 (5.0-8.1) .33

Male, n (%) 12 (75.0%) 9 (81.8%) .68

History of anaphylaxis to wheat, n (%) 16 (100.0%) 11 (100.0%) -

Current complications, n (%)

BA 9 (56.2%) 5 (45.5%) .58

AD 10 (62.5%) 4 (36.4%) .18

AR 5 (31.3%) 4 (36.4%) .78

Severity of symptoms during OFC Mild: 2; Moderate: 
12; Severe 2

Mild: 1; Moderate: 
8; Severe: 2

>.999

Threshold of baseline OFC (mg) 39.8 (3.4-53) 53.0 (10.6-53) .87

Specific IgE (kUA/L)

Wheat 293 (4.5-3340) 41.6 (8.2-2370) .14

ω-5 gliadin 7.5 (0.1-469) 3.5 (0.15-59.6) .30

Specific IgG (mgA/L)

Wheat 19.8 (8.3-67.2) 23.4 (7.9-41.2) .41

ω-5 gliadin 6.0 (2.2-23.4) 5.5 (4.4-22.6) .82

Specific IgG4 (mgA/L)

Wheat 2.07 (0.09-21.9) 2.84 (0.24-18.6) .57

ω-5 gliadin 0.07 (0.03-1.1) 0.03 (0.03-0.79) .89

Abbreviations: AD, atopic dermatitis; AR, allergic rhinitis; BA, bronchial asthma; OIT, oral 
immunotherapy; OFC, oral food challenge.

TA B L E  1   Characteristics of the 
patients in the OIT and historical control 
groups
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showed all adverse reactions stratified by severity for each organ sys-
tem. In the OIT group, the rate of symptoms per ingestion during admis-
sion was 32.1%. Anaphylaxis was not observed during hospitalization. 
Meanwhile, the rate of symptoms for the home doses was 4.1%. Five 
patients developed anaphylaxis for a total of 7 events. There were 6 
instances of a combination of moderate skin and respiratory symptoms 
which promptly improved with β2-stimulant inhalation, antihistamine, 

and steroids. A combination of moderate skin and oral mucosal symp-
toms was promptly improved with antihistamine and steroids. Of 5 
patients who developed anaphylaxis, one achieved short-term unre-
sponsiveness and one did not reach low-dose desensitization. All 7 
anaphylactic reactions developed not only on the day of the new dos-
ing, but also when ingesting the same dose as the one on the previous 
day. Five anaphylaxis events occurred in the buildup phase, while two 

F I G U R E  3   Comparison of clinical 
outcomes (53 mg or 400 mg of wheat 
protein). OFC: oral food challenge; OIT: 
oral immunotherapy

TA B L E  2   Adverse reactions and 
corresponding treatments administered 
during the OIT protocol

Adverse reactions and treatments Hospital Home

Total number of intakes of OIT 81 5857

Total number of adverse reactions 26 (32.1%) 242 (4.1%)

Mild Moderate Severe Mild Moderate Severe

Gastrointestinal 
symptoms

11 (13.6%) 0 (0.0%) 0 (0.0%) 78 (1.3%) 8 (0.1%) 0 (0.0%)

Oral mucosal 
symptoms

8 (9.9%) 0 (0.0%) 0 (0.0%) 59 (1.0%) 4 (0.07%) 0 (0.0%)

Skin symptoms 7 (8.6%) 5 (6.2%) 0 (0.0%) 47 (0.8%) 24 (0.4%) 0 (0.0%)

Respiratory symptoms 5 (6.2%) 6 (7.4%) 0 (0.0%) 73 (1.2%) 27 (0.5%) 0 (0.0%)

Cardiovascular 
symptoms

0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Anaphylaxis 0 (0.0%) 7 (0.1%)

Total number of 
reactions needing any 
treatments

15 (18.5%) 82 (1.4%)

Antihistamine 13 (16.0%) 74 (1.3%)

Steroid 1 (1.2%) 15 (0.3%)

β2-inhalation 8 (9.9%) 43 (0.7%)

Adrenaline 0 (0.0%) 0 (0.0%)

OIT, oral immunotherapy.
We analyzed all patients’ adverse reactions and treatment from the initiation of OIT to one year 
later.
No patient developed eosinophilic gastro-intestinal disorder included eosinophilic esophagitis, 
eosinophilic gastritis, eosinophilic gastroenteritis, eosinophilic enteritis, and eosinophilic colitis.
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occurred in the maintenance phase. During the OIT protocol, no severe 
symptoms developed. Furthermore, no patient had accidental wheat 
exposure in the historical control group.

3.4 | Laboratory data

Median 12-month wheat- and ω-5 gliadin-sIgE levels were signifi-
cantly decreased compared to those at baseline in the OIT group 
(153.5 kUA/L, 4.1 kUA/L, respectively) (P = .04, P = .009). Meanwhile, 
median wheat- and ω-5 gliadin-sIgG levels increased significantly 
from baseline to 1  month (24.1 and 7.3 mgA/L, respectively) 
(P =  .004, P =  .02). Median wheat- and ω-5 gliadin-sIgG4 levels in-
creased significantly from baseline to 1  month (4.7 mgA/L, 0.09 
mgA/L, respectively) (P = .01, P = .009) (Figure 4). By contrast, median 
wheat- and ω-5 gliadin-sIgE levels were unchanged in the historical 
control group. The 12-month median wheat-sIgG and wheat-sIgG4 
levels were significantly lower than those at baseline, while median 
ω-5 gliadin-sIgG and ω-5 gliadin-sIgG4 levels were unchanged (Figure 
S1). At 12 months, wheat-sIgG4 levels for the OIT group were sig-
nificantly higher than those for the historical control group (P = .01); 
there was no significant difference in other laboratory data.

4  | DISCUSSION

We performed low-dose OIT for patients with severe wheat al-
lergy. We found that low-dose OIT induces low-dose desensitiza-
tion and immunologic changes without causing severe symptoms. 
Furthermore, low-dose OIT may yield short-term unresponsiveness 
to 400 mg in some patients.

For patients with severe food allergy, the ability to consume 
low doses of the causative food can reduce the risk of symptoms 
due to accidental ingestion, improving the quality of life. 20,22 In the 
present study, 88% of patients reached low-dose desensitization 
and 69% passed the 53-mg OFC after 2  weeks of avoidance, and 
this rate was significantly higher than that in the historical control 
group (9%). These results are comparable to those achieved in pre-
vious reports using low-dose OIT with target dose of 102 mg of milk 
protein and 133 mg of peanut protein.17,19 Although there was no 
significant difference, the proportion of patients achieving short-
term unresponsiveness to 400 mg was 25%, higher than that in the 
historical control group (0%). We previously conducted a rush OIT 
in which 61% of patients achieved short-term unresponsiveness to 
5200 mg 2 years after starting OIT.12 By contrast, the maintenance 
dose in the current study was 53 mg, and the study was conducted 
in 1 year. Because of the low target dose and short treatment period, 
the rate of achieving short-term unresponsiveness is low compared 
with previous rush OIT.

Although we completed the protocol of low-dose OIT without 
severe symptoms requiring intramuscular adrenaline, some tri-
als of wheat OIT have reported the development of severe symp-
toms.12,13,15 In our previous report on rush OIT that described 

at-home doses taken over 2 years, the rate of symptoms requiring 
treatment was 2.6% and of symptoms requiring β2-stimulant inhala-
tion was 1.7%. Furthermore, 3 of 18 patients received intramuscular 
adrenaline.12 Pacharn et al conducted a wheat OIT for 2 patients, 
both of whom received adrenaline during the OIT protocol, for a total 
of 6 adrenaline injections.15 During the current study, the frequency 
of adverse symptom requiring treatment and β2-stimulant inhalation 
at home was 1.4% and 0.7%, respectively, which were lower than 
those in our previous study with a target dose of 5200 mg.12 Seven 
anaphylaxis reactions were indicated for adrenaline auto-injector 
use,23,24 but not administered at the parents’ discretion. Therefore, 
low-dose OIT was safer than those in previous reports regardless of 
allergy-related characteristic similarities among cohorts (high level 
of sIgE and anaphylactic episodes). The reason for the difference in 
ω-5 gliadin-sIgE level compared to RCT in the United States 13 war-
rants further study.

The current study reported the reduction of wheat- and ω-5 
gliadin-sIgE and the elevation of wheat- and ω-5 gliadin-sIgG and –
sIgG4 during low-dose OIT. In several trials, the reduction of wheat-
sIgE was reported during wheat OIT.12,28 However, these trials did 
not assess ω-5 gliadin-sIgE. In the present study, we showed that 
wheat- and ω-5 gliadin-sIgE significantly decreased after 1  year. 
Additionally, we first demonstrated that wheat- and ω-5 gliadin-sIgG 
and ω-5 gliadin-sIgG4 significantly increased after 1  month from 
baseline. Interestingly, these immunologic changes followed low-
dose OIT. Although the rate of reduction of sIgE was mild compared 
to full-dose OIT, our study revealed that low-dose OIT can still in-
duce immunologic changes. sIgG and sIgG4 significantly increased at 
1 and 3 months from the start of OIT and then gradually decreased. 
These findings are similar to those obtained from low-dose OIT for 
egg, milk, and peanut allergies, while high sIgG and IgG4 levels were 
maintained during high-dose OIT.10,17-19

One limitation of this study is that it is not an RCT. Because many 
facilities perform OIT in Japan, we were unable to establish a strict 
control group. To address this issue, we established a historical con-
trol group. Although there were no significant differences in patient 
characteristics between the two groups, there might be unknown 
confounding factors.

The second limitation was that we did not conduct full-dose 
OFC (2600-5200  mg of wheat protein). Because we performed 
low-dose OIT for the prevention of anaphylaxis due to accidental 
exposure by contamination of processed products, we used 400-
mg OFC, which is equivalent to a piece of cookie. Increasing the 
threshold to 400 mg would reduce the risk of developing symptoms 
from accidental exposure by contamination and may improve the 
quality of life.20,22

The third limitation was that we assessed sustained unrespon-
siveness by OFC after avoidance for 2 weeks instead of 4 weeks or 
more. Although a 2-week avoidance to assess short-term unrespon-
siveness has been used in other OIT trials,10,12,17-19,29,30 sustained 
unresponsiveness is usually defined by OFC after elimination for 
1 month or more.8 However, among patients who passed the OFC 
after a 2-week cessation of OIT and were allowed to ingest wheat in 
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F I G U R E  4   Specific IgE, IgG, and IgG4 changes in the OIT group. Wheat- and ω-5 gliadin-specific IgE levels significantly decreased after 
12 months from baseline. OIT: oral immunotherapy; sIgE: specific IgE; sIgG: specific IgG; sIgG4: specific IgG4
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daily life, 60% did not report the experience of any symptoms during 
the questionnaire survey. 27 Therefore, risk of anaphylaxis would be 
low in patients who were able to consume 400 mg after 2 weeks of 
avoidance. 27

In conclusion, low-dose OIT safely achieved low-dose desensi-
tization and induced immunologic changes for patients with wheat 
anaphylaxis.
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Supplementary Information

Supplementary Table 1. Grading of the severity of adverse symptoms

1 (Mild) 2 (Moderate) 3 (Severe)

Skin Localized hives,

exanthema, wheal,

pruritus

Generalized hives,

exanthema, wheal, pruritus

-

Swollen eyelid or lip Swollen face -

Gastrointestinal

tract

Pruritus of the throat or

oral cavity

Throat pain -

Mild abdominal pain Moderate abdominal pain Cramps

Nausea, emesis, diarrhea Recurrent emesis, diarrhea Continuous emesis, loss of

bowel control

Respiratory tract Intermittent cough, nasal

congestion, sneezing,

rhinorrhea

Repetitive cough Persistent cough,

hoarseness, “barky” cough

- Chest tightness, wheezing

detectable via auscultation

Audible wheezing,

dyspnea, cyanosis, oxygen

saturation <92%,

swallowing or speaking

difficulties, throat tightness,

respiratory arrest

Cardiovascular - Pale face, mild

hypotension, tachycardia

(increase >15 beats/min)

Hypotension, dysrhythmia,

severe bradycardia, cardiac

arrest

Neurological Change in activity level,

lethargy

“Light-headedness,” feeling

of “impending doom,”

Confusion, loss of

consciousness, incontinence



somnolence, headache

The severity score was based on the organ system that showed the most severe reactions. Hypotension was
defined as systolic blood pressure of <70 mmHg for children aged 1 month to 1 year, <70 + (2 × age) mmHg
for children aged 1–10 years, and <90 mmHg for children aged >11 years. Mild hypotension was defined as
systolic blood pressure of <80 mmHg for children aged 1 month to 1 year, <80 + (2 × age) mmHg for children
aged 1–10 years, and <100 mmHg for children aged >11 years. Wheezing detectable via auscultation with a
stethoscope was defined as mild. Audible wheezing was defined as wheezing detected without a stethoscope.



Supplementary Table 2. Dosing schedule of OIT

Step Wheat protein (mg) Udon noodles (g)

1 2.7 0.1

2 5.3 0.2

3 8.0 0.3

4 13.3 0.5

5 18.6 0.7

6 26.5 1.0

7 39.8 1.5

8 53.0 2.0

OIT: oral immunotherapy

The quantitative value of wheat protein was measured via the Kjeldahl method.

In addition, if no symptoms at all or only mild symptoms occurred, the amount of wheat protein ingested
the next day was increased by 1 step. If moderate or severe symptoms appeared, the next day’s dose was
the same or decreased by 1 step, respectively.

2g of boiled udon noodle is equivalent to 5 cm of boiled udon noodle.
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