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Abstract
Background: In order to prevent total elimination of wheat from their diet, we introduced a 
very-low-dose (VLD) oral food challenge (OFC) in patients with severe wheat allergy in 2019. 
Objective: This study investigated the efficacy of starting VLD wheat intake for achieving full-
dose OFC. 
Material and Methods: Patients with a history of overt allergic reactions to low-dose (LD; 
80-mg wheat protein) wheat or lesser within 6 months and those with complete wheat elim-
ination were included in the study. We retrospectively compared the proportion of passing 
a full-dose OFC (2650-mg wheat protein) between patients who underwent an LD OFC prior 
to 2019 (LD group) and those who underwent a VLD OFC (26.5-mg wheat protein) after 2019 
(VLD  group). The period for passing the full-dose OFC was evaluated using Kaplan–Meier 
survival analyses. 
Results: We enrolled 200 and 58 patients in LD group and VLD group, respectively. The 
median age at OFC initiation was 2.1 (1.6–4.2) and 1.9 (1.4–3.6) years in LD group and VLD 
group, respectively. Wheat- and ω-5 gliadin-specific immunoglobulin E (IgE) levels were 25.2 
(7.7–59.8) kUA/L and 2.5 (0.8–12.6) kUA/L, respectively, in the LD group and 21.9 (7.4–94.9) 
kUA/L and 3.3 (1.2–9.4) kUA/L, respectively, in the VLD group. Over 4 years, the LD group and 
VLD group passed the full-dose OFC at proportions of 50% and 75%, respectively, with a signif-
icant difference (Log-rank test, P < 0.01). 
Conclusion: Starting VLD wheat intake may contribute to achieving a full-dose OFC in patients 
with severe wheat allergies.
© 2026 Codon Publications. Published by Codon Publications.
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The inclusion criteria regarding patients who underwent 
wheat OFC were as follows: a clear history of immediate 
allergic reactions to ≤80 mg of wheat protein or positive 
OFC to similar doses within the past 6 months, and complete 
wheat elimination at the time of visit to our institution.The 
patients were categorized into the following two groups: 
those who underwent LD OFC prior to 2019 (LD group) and 
those who underwent VLD OFC from 2019 onwards (VLD 
group). Blood tests were performed within 6 months of the 
initial OFC to confirm sensitization to wheat- or ω-5 gliadin-
specific IgE (sIgE) levels ≥0.7 kUA/L. Patients who under-
went OFC to confirm the threshold for initiating OIT were 
excluded. Patients who discontinued follow-up at our hospi-
tal during the study or transitioned to OIT were considered 
dropouts. Patients who were missing laboratory and clinical 
data were excluded.

This study was conducted according to the principles 
of the 1965 Declaration of Helsinki (as revised in Brazil 
in 2013), and the Ethics Committee of Showa Medical 
University School of Medicine approved all procedures (No. 
2024-221-A). The families and guardians provided written 
informed consent.

Outcome definition

The minimum dose for performing the wheat OFC prior 
to 2019 was 80-mg wheat protein (LD). However, 26.5-mg 
wheat protein (VLD) was subsequently introduced from 
2019 onwards. Since then, VLD OFC has been conducted 
based on the attending physician’s assessment of patients 
with a history of allergic reaction induction after ingest-
ing <80-mg wheat protein or those with high wheat or ω-5 
gliadin-sIgE levels.11,17

The primary outcome in the LD and VLD groups was 
the duration from the first LD OFC to a negative full-dose 
OFC (2650-mg wheat protein) and from the first VLD OFC 
to a negative full-dose OFC, respectively. Secondary out-
come measures included an assessment of the safety of 
the initial LD and VLD OFC. Subgroup analysis within the 
VLD group assessed the duration from the first VLD OFC to 
achieving negative results in the LD OFC (80-mg wheat pro-
tein) and medium-dose OFC (640-mg wheat protein). The 
analysis also included an evaluation of age at the time of 
undergoing VLD OFC negativity and duration from the first 
VLD OFC to the negative full-dose OFC. 

Stepwise OFC protocols for wheat

The details of OFC protocol are described in the text 
(Figure  1). VLD OFC was performed as part of diagnostic 
and management strategies. However, these procedures 
were not intended as formal OIT protocols. OFC used 
udon noodles. Udon is a popular noodle made from wheat, 
water, and salt, and is eaten regularly in Japan. The LD 
group underwent management through a three-level step-
wise OFC, which included LD (3-g udon–80-mg wheat pro-
tein), medium-dose (24-g udon–640-mg wheat protein), 
and full-dose (100-g udon–2650-mg wheat protein) wheat 
administration. However, the VLD group was managed 

Introduction

Wheat is one of the most prevalent and causative foods for 
childhood food allergies (FAs) globally.1–4 In Japan, wheat 
accounts for 11.7% of immediate-type FAs with frequent 
induction of symptoms because of accidental ingestion.1 
Therefore, managing FAs, including those caused by wheat, 
should involve minimally necessary elimination of causative 
foods based on an accurate diagnosis.1 Thus, to achieve 
effective management, appropriate threshold doses in each 
patient should be determined, considering their symptom 
induction thresholds. Additionally, the intake should be 
gradually increased based on the results of the oral food 
challenge (OFC).5–8 Japan adopts a universal health insur-
ance system, enabling the OFC to be conducted as a part 
of insured medical services. Consequently, performing the 
OFC in hospital settings is recommended.1 The Japanese 
guidelines currently recommend a three-step approach to 
performing an OFC: low-dose (LD), medium-dose, and full-
dose OFC.1 Previous reports have indicated that a stepwise 
OFC approach can be used to avoid the complete elimina-
tion of the causative food, thereby improving FA manage-
ment and safety.9,10

However, in the cases of severe wheat FAs, approxi-
mately 50% of patients may exhibit immediate-type allergic 
symptoms even with the intake of wheat protein equivalent 
to 100 mg of wheat protein.11 Under the current manage-
ment method using minimal necessary elimination, which 
involves evaluation of symptom-induced threshold level 
through the three-step OFC, many patients with severe 
wheat FA show positive LD OFC results. These patients 
should continue a complete elimination of causative food. 

In such acute cases, oral immunotherapy (OIT) is a suit-
able approach.12–15 However, wheat OIT is not as well stud-
ied as immunotherapy for other foods, such as milk, egg, 
and peanut. Furthermore, OIT can cause adverse reactions, 
including anaphylaxis; thus, it cannot be casually started in 
many cases.16

Therefore, in 2019, our institution introduced a very-
low-dose (VLD) OFC to avoid the complete elimination of 
wheat in patients with severe wheat-induced FAs. The 
rationale was to administer a minimal amount of wheat 
to shorten the duration of complete elimination, with the 
ultimate goal of influencing the subsequent negativity pro-
portion in full-dose OFC. Currently, the efficacy of VLD OFC 
on the full-dose OFC negativity proportion in wheat allergy 
management remains unclear. 

Therefore, in this study, we aimed to investigate the 
effectiveness of introducing a VLD OFC in influencing 
the  subsequent negativity proportion in full-dose OFC for 
wheat allergy management.

Materials and Methods

Study design and population

This retrospective, single-center cohort study included 
patients diagnosed with immunoglobulin E (IgE)-related wheat 
allergy who underwent wheat OFC at Showa Medical University 
Hospital between January 1, 2012 and December 31, 2024.  
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a positive reaction occurred, following the same proto-
col. However, complete removal guidance was provided if 
a positive result occurred in the LD OFC in the LD group 
or the VLD OFC in the VLD group. In participants with a 
positive outcome at a given OFC level, a rechallenge was 
considered based on the severity of induced symptoms. An 
allergy specialist made the decision to perform a rechal-
lenge. After assessing the severity of allergic symptoms 
and monitoring changes in total and specific IgE levels, an 
OFC was conducted again after an appropriate interval.

Oral food challenges were conducted based on the 
Japanese guidelines for FAs.1 OFCs using udon were con-
ducted in a hospital setting under the supervision of a 
board-certified allergist at our institution. To minimize the 
potential influence of medications on the test results, anti-
histamines and leukotriene receptor antagonists were dis-
continued 3 days and 1 day prior to the OFC, respectively.1 
Participants were observed for 3 h following wheat inges-
tion to monitor for adverse reactions. If the allergist respon-
sible for OFC confirmed that the patient had a positive 
result with Sampson grade ≥2 symptoms,18 antihistamines 
and inhaled beta-adrenergic agonists were administered to 
patients with cutaneous and respiratory symptoms, respec-
tively. Adrenaline was also administered intramuscularly at 
the lateral thigh. Grade 1 symptoms were classified as inde-
terminate and were reassessed at home. Therefore, to con-
firm the reproducibility of allergic symptoms, patients were 
instructed to consume udon repeatedly at home. A patient 
continued to ingest udon repeatedly at home and was con-
sidered to have a negative test result if no allergic symptoms 
appeared. However, the test result was considered positive 
if reproducible allergic symptoms appeared at home. 

through a four-level stepwise OFC. In addition to the three-
level stepwise OFC (low-, medium-, and full-dose OFC), the 
VLD group underwent a VLD OFC (1-g udon–26.5-mg wheat 
protein).

In the event of negative results of each OFC, the partic-
ipants were advised to continue consuming wheat until the 
follow-up after OFC at home, with the negative amount as 
the upper limit. Patients were instructed to consume udon 
at home, using a measuring instrument, to ensure precise 
and consistent intake. The frequency of ingestion at home 
was left to the parents’ discretion; however, ingestion was 
recommended at least two times weekly. The patient was 
instructed to take udon once daily and monitor for any 
signs of allergic reactions for 2 h following each intake. 
Subsequently, the next step of OFC was conducted 3–6 
months later. An allergy specialist individually determined 
the timing for progressing to the next step of OFC based on 
the patient’s medical history and laboratory test results. 
In cases where allergy symptoms appeared at home, the 
patients were advised to reduce the intake by one step. 
For instance, if symptoms appeared at the medium dose 
(24-g udon), the intake was reduced to the lower dose (3-g 
udon). If allergic symptoms occurred at the LD (3-g udon) 
in the LD group or at the VLD (1-g udon) in the VLD group, 
complete elimination was advised; the patients were 
instructed to seek immediate outpatient treatment. 

Furthermore, if anaphylactic or similar symptoms 
occurred, wheat intake was to be discontinued, and 
patients were advised to seek immediate outpatient care. 
For positive results in each OFC, the participants were 
advised to continue ingestion at a smaller level at home, 
with the dose at one step being below the level at which 

Figure 1  Wheat OFC consumption protocol and study flow chart. Notes: LD: low dose; VLD: very low dose; OFC: oral food 
challenge; OIT: oral immunotherapy.
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presented as numbers (%) and medians (interquartile range 
[IQR]). Notably, all analyses were performed using JMP Pro 
17 (SAS Institute, Cary, NC).

Results

The number of patients enrolled in the LD and VLD groups 
was 276 and 112, respectively. After excluding those who 
met the exclusion criteria, the analysis included 200 and 58 
patients in the LD and VLD groups, respectively (Figure 1). 
The characteristics of the patients included in the study 
are presented in Table 1. The two groups showed no signif-
icant differences in background. The median OFC interval 
was 4 months (IQR, 3–6 months).

The Kaplan–Meier curve for the negative proportion of 
full-dose OFC is shown in Figure 2. A significant difference 
was observed between the VLD and LD groups, with the 
VLD group having a higher negative proportion for full-dose 
OFC (P < 0.01). Four years after the initial LD OFC or VLD 
OFC, the full-dose OFC negative proportions were 50% and 
75%, respectively.

The safety of the initial LD and VLD OFC in the LD and 
VLD groups, respectively, is presented in Table 2. The posi-
tive proportions in each group were 133 (66%) and 30 (52%) 
in the LD and VLD groups, respectively (P = 0.04). The pro-
portions of skin and neurological symptoms were signifi-
cantly lower in the VLD group.

Regarding the subgroup analysis, the graph depicting 
the time to achieve a negative result for VLD, LD, medi-
um-dose, and full-dose OFC in the VLD group is shown in 
Figure 3. The time for 50% of patients to achieve a negative 
result was 0.8, 1.6, and 2.5 years for low-, medium-, and 
full-dose OFC, respectively. The subsequent status of full-
dose OFC negativity was evaluated longitudinally based on 
the age at which a negative result was confirmed for VLD 
OFC (Figure 4). The results indicated that the older the age 
at which a negative result was confirmed for VLD OFC, the 

Laboratory tests

Serum levels of total IgE and specific IgE to wheat and ω-5 
gliadin were measured using Immuno CAP®︎ (Phadia; Thermo 
Fisher Scientific, Waltham, MA, USA) 6 months prior to the 
first OFC. 

Statistical analysis

Kaplan–Meier curves were used for descriptive analyses 
of the duration until LD, median-dose, and full-dose OFC 
negative results were obtained. Data were collected up 
to December 31, 2024. Patients were considered lost to 
follow-up if they dropped out of the study. Notably, all 
patients were followed up from baseline until a negative 
full-dose OFC result was obtained or censoring. The base-
line was defined as the date of the LD OFC prior to 2019 or 
the date of the VLD OFC after 2019. Kaplan–Meier curves 
were analyzed from the date of baseline to the date of 
full-dose OFC negativity. The Chi-squared or Mann–Whitney 
U test was used to perform between-group comparisons 
of the characteristics, the differences between categor-
ical and continuous variables, and the safety of the first 
OFC. The relationship between the factors and failure to 
achieve a full-dose OFC negative was assessed using the 
Log-rank test and Cox proportional hazards regression for 
univariate and multivariate analyses, respectively. A logis-
tic regression analysis was conducted, with the dependent 
variable set as failure to achieve a full-dose OFC nega-
tive. Significant factors were primarily extracted from the 
univariate model and used as explanatory variables. The 
independent variables included were as follows: age at the 
initiation of OFC, gender (male), past history of anaphylaxis 
to wheat, atopic dermatitis, asthma, other FAs, total IgE 
levels, specific IgE levels for ω-5 gliadin, and membership 
in the LD group, which was adjusted accordingly. Statistical 
significance was set at P < 0.05. Numerical values were 

Table 1  Characteristics

LDe group n=200 VLDf group n=58 P value

Age at OFCc started (years) 2.1 [1.6-4.2] 1.9 [1.4-3.6] 0.30a

Male. Gender, n (%)  144 (69) 35 (60) 0.09b

Past history of Anaphylaxis to wheat, n (%) 90 (45) 24 (41) 0.63b

Allergic complications
Atopic dermatitis, n (%) 62 (31) 17 (29) 0.81b

Asthma, n (%) 49 (25) 12 (17) 0.55b

Total IgEd level (IU/mL) 409 [143-854] 386 [200-990] 0.47a

Wheat-specific IgEd (kUA/L) 25.2 [7.7-59.8] 21.9 [7.4-94.9] 0.85a

ω-5 gliadin-specific IgEd (kUA/L) 2.5 [0.8-12.6] 3.3 [1.2-9.4] 0.32a

Variables are expressed % (n) or median [interquartile range]. 
aMann-Whitney U test
bChi-squared test 
cOFC: oral food challenge. 
dIgE: immunoglobulin E. 
eLD: low dose. 
fVLD: very low dose.
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Discussion

In this study, we investigated whether initiating VLD intake 
influenced the negativity proportion in tolerance for wheat 
allergy management. This study’s results indicated that 
introducing a VLD OFC for patients with severe wheat 
allergies—thereby starting wheat intake early and avoiding 
complete elimination (early small ingestion [ESI])—effec-
tively increased the threshold for wheat and ultimately 
induced tolerance. This finding will significantly impact the 
fundamental strategies for managing wheat allergies in the 
future. 

The proportion of natural tolerance acquisition for 
wheat allergy in Japan is reportedly 66% by the age of 
6  years.19 Other reports on the proportion of the natural 
tolerance acquisition for wheat allergy include 52% by the 
age of 8 years in Poland20 and 56% by the age of 8 years 
in the United States.21 These reports do not account for 
severity; therefore, we infer that the proportion of natural 

less likely it was to achieve a negative result for full-dose 
OFC. Above 3 years of age, the VLD OFC negativity propor-
tion was low at less than 40%. When VLD OFC negativity 
was achieved before the age of 3 years, the full-dose OFC 
negativity proportion was high.

Furthermore, since the median age was 1.9 years, 
we categorized the VLD group into two subgroups: 
those with an undergone VLD OFC at <1.9 years and those 
at ≥1.9 years. Subsequently, we analyzed negative propor-
tion for full-dose OFC (Figure 5). The results showed that 
patients who underwent VLD OFC at <1.9 years had a sig-
nificantly higher full-dose OFC negativity proportion than 
those who underwent VLD OFC at ≥1.9 years (Log-rank test 
P < 0.01). 

A multivariate analysis was conducted to identify risk 
factors that could inhibit a negative result in full-dose OFC. 
The results revealed that being in the LD group was the 
only significant factor (adjusted hazards ratio, 2.93 [1.88–
4.62]; P < 0.01) (Table 3).
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Figure 2  Full-dose OFC negative rate. Note. LD: low dose; VLD: very low dose.

Table 2  Safety of first OFC

LDc  group n=200 VLDd group n=58 P value

OFCb positive rate, n (%) 133 (66) 30 (52) 0.04a

Anaphylaxis, n (%) 25 (13) 4 (7) 0.23a

Organ system affected, n (%)
Skin 50 (25) 6 (10) 0.02a
Respiratory 35 (18) 5 (9) 0.10a

Gastrointestinal 18 (9) 4 (7) 0.61a

Neurological 25 (13) 1 (2) 0.02a

Cardiovascular 9 (5) 1 (2) 0.34a

Treatment
Antihistamines, n (%) 16 (8) 4 (7) 0.78a

Inhaled beta adrenergic agonists, n (%) 17 (9) 4 (7) 0.69a

Intramuscular adrenaline, n (%) 5 (3) 1 (2) 0.73a

Variables are expressed % (n). 

aChi-squared test
bOFC: oral food challenge. 
cLD: low dose. 
dVLD: very low dose.
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Using multivariate analysis, the results similarly indi-
cated that being in the LD group was the sole risk factor. 
The  initiation of symptom-free ingestion of the causative 
food also increases this threshold, as supported by OIT 
studies.12 

Furthermore, we have conducted similar analyses in 
patients with hen’s egg allergies and demonstrated that 
avoiding complete elimination and starting with a small 
intake at an early stage can induce tolerance.10 The guide-
lines in Japan also recommend that assessing the rein-
troduction of wheat in all children presenting with wheat 
allergy is advised, as prolonged total exclusion may lead 
to more persistent allergy and increase dietary and social 
exclusion.1 Therefore, this study supports the importance 
of minimally necessary elimination.

tolerance acquisition for acute cases is likely to be lower. 
However, the proportion of full-dose OFC negative in the 
VLD group, which included more acute cases, was compa-
rable to the proportions of natural tolerance acquisition 
reported in Japan and other countries. These results sug-
gest that the ESI strategy can be applied to all children 
with wheat allergies. Furthermore, it is particularly signifi-
cant in patients with more severe FAs.

Despite similar patient backgrounds between the VLD 
and LD groups, proportion of the higher negative full-dose 
OFC observed in the VLD group is attributed to the fact 
that patients who underwent the VLD challenge avoided 
complete elimination and started intake at an earlier 
stage. Previous studies have suggested that the duration 
of complete elimination influences tolerance acquisition.22 
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including the possibility of allergic reactions when consum-
ing amounts greater than those set for the full-dose OFC. 
A risk of allergic reactions may occur if wheat is consumed 
after a specific period of avoidance or under conditions of 
stress, including exercise or illness. These risks have been 
well documented in studies on OIT.25–27 The patients in 
this study were originally those with severe wheat aller-
gies with a history of allergic reactions to small amounts of 
wheat intake. The ESI strategy involves continuous intake 
of small amounts repeatedly and gradual increase while 
confirming the rise in threshold levels, which is similar to 
OIT. Therefore, caution is required when confirming toler-
ance acquisition in these patients.

The importance of ensuring the safety of FA treat-
ments, such as through OFC, has been recently emphasized 
in clinical practice.1 Our comparison of the safety of initial 
LD OFC and VLD OFC demonstrated that VLD OFC poses a 
lower risk. This finding indicates the effectiveness of VLD 
OFC and its greater utility than LD OFC. However, given 

In the VLD group, a significant difference was observed 
in the induction of full-dose OFC negativity based on 
whether wheat intake started before or after the age 
of 1.9  years. Reports have indicated that initiating small 
amounts of wheat intake early in patients with a history of 
immediate reactions to it and in those requiring complete 
elimination can lead to early tolerance acquisition.22 Similar 
findings have been reported for peanut FAs, where early 
introduction has been effective.23,24 This study’s results 
suggest that starting wheat intake at a VLD at a younger 
age can shorten the period of complete elimination and 
induce tolerance earlier.

However, in patients whose VLD OFC results are posi-
tive and who must adhere to complete elimination, future 
research should likely focus on implementing OFC with even 
smaller amounts than VLD to further evaluate the efficacy 
of the ESI strategy. Additionally, this study’s results do not 
necessarily indicate that the patients have acquired com-
plete tolerance to wheat. This is due to several factors, 

Figure 5  Full-dose OFC negative rate between <1.9- and ≥1.9-year old at VLD OFC negative (n = 58). Notes: VLD: very low dose; 
OFC: oral food challenge.
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Table 3  Risk factor for failure to induce full-dose OFC negative in univariate and multivariate analyses

HRe (95% CI) p value aHRe (95% CI)a p value

Age at OFCb a started 1.57 (1.28–1.73) < 0.01 1.02 (0.77–1.19) 0.84
Male 1.51 (0.96–2.39) 0.08 1.44 (0.45–4.57) 0.53
Past history of anaphylaxis to wheat 1.84 (0.97–3.50) 0.06 1.12 (0.95–2.02) 0.07
Atopic Dermatitis 1.66 (0.31–2.15) 0.12 1.65 (0.53–4.87) 0.38
Asthma 1.15 (1.05–1.34) 0.01 1.17 (0.93–1.56) 0.09
Total IgEc (log 10) 0.55 (0.36–0.86) < 0.01 0.63 (0.19–1.99) 0.44
Specific IgE to ω5-gliadin (log 10) 1.96 (1.36–2.72) < 0.01 1.01 (0.45–2.42) 0.08
LDd group 2.10 (1.33–3.23) < 0.01 2.93 (1.88–4.62) <0.01

aAdjusted for age at OFC started, gender (Male), past history of anaphylaxis to wheat, atopic dermatitis, asthma, the level of 
total IgE, the level of specific IgE to ω5-gliadin, and LD group. 
bOFC: oral food challenge; 
cIgE: immunoglobulin E; 
dLD: low dose; 
eHR: hazard ratio; aHR: adjusted hazards ratio.
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Conclusion

This study revealed that introducing a VLD OFC for early 
intake as part of the ESI strategy effectively reduces the 
period of complete elimination of wheat in patients with 
severe wheat allergies. This approach increases the likeli-
hood of obtaining subsequent negative results for the full-
dose OFC. Therefore, as a treatment strategy for patients 
with wheat allergy, irrespective of severity, early imple-
mentation of the ESI strategy is anticipated to efficiently 
induce tolerance.
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