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ABSTRACT

Background: Wheat allergy is not an uncommon event among Thai children. Despite strict 
avoidance, some patients developed reactions after accidental exposure to minute amount 
of wheat and thus disturbed their quality of life. Wheat oral immunotherapy (OIT) has been 
reported to be an alternative treatment for such patients.
Objective: We designed a new 3-step wheat OIT protocol for treatment of severe wheat allergy 
in Thai patients. The feasibility of the protocol is evaluated and is reported here in this paper.
Methods: We retrospectively reviewed medical records of 26 patients who had undergone 
wheat OIT during a 30-month period. The 3-step protocol consisted of an initial phase of 
double-blind, placebo-controlled food challenge (DBPCFC) and initiation of OIT, a build-up 
phase, and a maintenance phase. Patient retention in the protocol was the main outcome for 
this feasibility study. Adverse effects during OIT were recorded. Correlation between serum 
specific IgE (SpIgE) to wheat and eliciting dose in phase I was determined.
Results: Fourteen females and 12 males with a median age of 6 years were studied. Their 
median age when wheat allergy began was 8 months. Median SpIgE to wheat was high (198 
kUA/L). All patients developed reactions during DBPCFC with 17 of 26 patients had moderate 
to severe reactions required adrenaline injections. Median of eliciting dose of wheat was 
exceedingly low, i.e., 20 mg of wheat protein. At the end of the study, 23 of 26 patients (88%) 
were still in the study. Adverse reactions during the build-up phase was frequent (13 patients, 
50%), with adrenaline required in 6 occasions. Six patients reached maintenance phase.
Conclusion: The new 3-step wheat OIT protocol was feasible in these highly wheat-sensitized 
patients. Despite a high retention rate, a high rate of adverse effects was observed both 
during DBPCFC and build-up phases.
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INTRODUCTION

IgE-mediated reactions to wheat, particularly anaphylaxis and exercise-induced anaphylaxis 
has been increasingly observed worldwide [1]. In Japan, wheat allergy has become the third 
leading cause of anaphylaxis in children following egg and cow’s milk [2]. Elsewhere in Asia, 
reports of wheat allergy came from countries such as Thailand [3, 4], Korea [5], China [6, 7], 
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and Iran [8]. Paucity of reported cases from Hong Kong [9] and Singapore [10] could be due 
to differences in food selections and food preparation in their daily lives. In Thailand, onset 
of wheat allergy is primarily observed among infants around 1–2 years of age [11]. Remission 
of wheat allergy can occur among patients with low degree of wheat sensitization [3, 12, 13].  
In highly wheat-sensitized patients, especially those with wheat specific IgE (SpIgE) > 50 
kUA/L, remission was uncommon [12]. Oral immunotherapy (OIT) to wheat among these 
individuals has been tried with good results as noted in reports from several countries 
around the world [8, 14-16]. OIT has been shown to reduce reactions after accidental 
exposure to a small amount of wheat and eventually to a complete oral tolerance, i.e., 
sustained unresponsiveness [16]. Various schedules of wheat OIT have been reported with 
varying degree of success [8, 14-17]. Sato et al. [15] reported a high degree of success (over 
60%) using a rush protocol to reach 5.2 g of wheat protein. Similarly, a report from Spain 
indicated that rush OIT to wheat can be performed successfully in 4 out of 6 children with 
few adverse effects [14]. Our group reported a successful semi-rush protocol for wheat OIT in 
2 very highly wheat-sensitized patients [4]. Systemic reactions requiring several adrenaline 
injections were observed indicating that there was a need for a modification of protocol for 
our population. We, therefore, devised a new 3-phase protocol for wheat OIT for use in our 
patients with high degree of wheat sensitivity. In this report, we described the feasibility of 
the protocol during its first 30-month period at our institution.

MATERIALS AND METHODS

Type of study
The study was a retrospective review of medical records of patients underwent wheat OIT at 
Samitivej Allergy Institute (SAI) from January 1, 2016 to June 30, 2018.

Patients
Patients enrolled into the study were 26 children with severe wheat allergy. They presented 
with allergic manifestations such as generalized urticaria and angioedema, respiratory 
involvement (rhinorrhea, wheezing), abdominal symptoms (abdominal pain, vomiting), 
and alteration of consciousness. Their ages were over 2 years of age. All patients had positive 
SpIgE to wheat over 0.35 kUA/L (Thermo-Fisher, Uppsala, Sweden). Skin prick test to 
wheat extracted in 10% alcohol was performed in 16 patients (positive in 15 of 16 patients) 
[18]. Twenty-two patients also had positive SpIgE to omega-5 gliadin. All were counseled 
regarding treatment with wheat OIT. In all cases, families preferred and gave informed 
consent to wheat OIT.

Protocol for wheat OIT
The protocol of wheat OIT consisted of 3 phases. In phase I, a 3-day intensive care admission 
was required for 2 days of double-blind, placebo-controlled food challenge (DBPCFC) with 
wheat powder (10% wheat protein). We followed a protocol as outlined by Sampson et al. 
[19] with a starting dose of 1 mg of wheat flour (0.1 mg of wheat protein) and with log3 
increment every 30 minutes until unequivocal reaction(s) occurred (i.e., eliciting dose [ED]) 
or a maximum dose of 300 mg of wheat protein was reached. On the last day of phase I, 
the first OIT dose (1 dose below ED) was administered with premedications (cetirizine and 
montelukast). Carrying medium used was cow or soy milk. Reactions were recorded using a 
modification of World Allergy Organization (WAO) 2010 grading protocol [20]. Adrenaline 
was required for those who developed symptoms involving 2 organ systems. Patients were 
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then discharged home with packages of premeasured wheat flour to be taken daily with 
premedication for 2 weeks. A 20% dose increase of wheat flour were carried out in SAI at 
biweekly interval following with daily home administration. Wheat flour was switched 
to bread once a dose of 1.8 g of wheat protein was reached. The study was reviewed and 
approved the Internal Review Board Committee of the Bangkok Dusit Medical Services (BMC 
IRB 2018-07-023).

Outcome measures
The primary outcome measure chosen to represent the feasibility of the study was the 
retention rate of patients (%) remained in the protocol during the entire 30-month period. 
Decision to discontinue OIT was made when a patient could not proceed on without severe 
adverse reaction. Secondary outcome measures included adverse reactions observed during 
DBPCFC and build-up phases both at SAI and at home, ED with its relationship to wheat SpIgE, 
maximum dose of wheat ingested and maximum duration of patients remained in the study.

Statistics
Descriptive statistics were used for analyzing demographic data and adverse reactions. Since 
age, SpIgE, ED were not normally distributed, median of these variables with ranges were used. 
Correlation between SpIgE and ED was calculated using a linear correlation module. Statistic 
program used throughout the study was IBM SPSS ver. 18.0 (IBM Co., Armonk, NY, USA).

RESULTS

Demographic data of the 26 patients (14 females and 12 males) studied were shown in Table 1.  
Most patients suffered from wheat allergy since very young age (median age of onset, 8 
months; range, 3–13 months). Their median age at DBPCFC was 6 years (range, 2.6–14 
years). Median SpIgE to wheat and omega-5 gliadin were 198 kUA/L (range, 1.19–1,628 kUA/L) 
and 15.8 kUA/L (range, 0.77–200 kUA/L), respectively. Fifteen out of 26 patients (58%) had 
their wheat SpIgE over 100 kUA/L with 9 had level over 500 kUA/L (maximum, 1628 kUA/L). 
Concomitant allergy to other foods was seen in 17 of 26 patients (65%) (egg 6, seafood 2, soy 
1, peanut 1, over 2 foods in 7 patients). Other allergy comorbidities included allergic rhinitis 
(76%), asthma (15%), and atopic dermatitis (30%).
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Table 1. Demographic data of patients included in the study (total = 26 patients)
Variable Value
Sex, male:female 12:14
Age of onset WA (mo) 8 (3–13)
Age at DBPCFC (yr) 6 (2.8–14)
SpIgE wheat (kUA/L) 198 (1.19–1,628)
SpIgE omega 5 gliain (kUA/L) 15.8 (0.77–200)
Eliciting dose wheat protein (mg) 20 (1–1,200)
Other allergy

Food allergy to other foods 17 (65.4)
AR 20 (76.9)
Asthma 4 (15.4)
Atopic dermatitis 8 (30.8)

Family history of atopy 22 (84.6)
Values are presented as median (range) or number (%).
WA, wheat allergy; DBPCFC, double-blind, placebo-controlled food challenge; SpIgE, serum specific IgE; AR, 
allergic rhinitis.
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All patients developed reactions during DBPCFC (4 with modified WAO grade I, 9 with grade 
II and 13 with grade III). Table 2 showed details of reactions during both DBPCFC and build-
up phases. Common reactions observed were skin involvement followed by respiratory and 
gastrointestinal systems. Majority of patients developed reactions in more than one body 
system (21 of 26 patients). Adrenaline was used in 17 of 26 patients (65%) during DBPCFC. 
Median ED dose was 20 mg of wheat protein. In Fig. 1, it is quite apparent that there was no 
correlation between ED and level of wheat SpIgE (r = -0.26, p = 0.182). In the build-up phase, 13 
of 26 patients (50%) developed reactions of which requiring 6 administrations of adrenaline.

Three patients dropped out from the protocol during the 30-month observation period 
(retention rate of 88%). Time of drop out was at 3 weeks (severe eczema – 1 patient), 4 weeks 
(persistent vomiting – 1 patient), and 110 weeks (lost to follow-up – 1 patient) after initiation of 
OIT. At the end of the study, 17 of 26 were on the build-up phase while 6 patients reached target 
doses (2 patients – 1 slice of bread/day, 4 patients increased maintenance dose voluntarily to 2–3 
slices/day). The longest duration of patient remained in the study was 127 weeks.
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Table 2. Observed adverse reactions after wheat OIT during DBPCFC and build-up phases (total n = 26 patients)
Variable DBPCFC Build-up phase
No. of patients (cases) 26 13
Frequency of reactions (times) 26 55
No. of adrenaline injections (times) 17 6
System involvement (times)

Skin (S) only 4 35
Respiratory (R) only 0 2
Gastrointestinal (G) only 1 3
Neurological (N) only 0 0
More than 2-system involvement

S+R 7 9
S+G 1 2
S+N 2 0
R+G 1 2
S+R+G 5 1
S+R+N 3 1
S+G+N 1 0
S+R+G+N 1 0

Description of reactions: skin reactions = maculopapular rash, urticaria, flushing, angioedema; respiratory = 
nasal congestion, rhinorrhea, cough, wheeze; gastrointestinal = abdominal pain, nausea, vomiting, diarrhea; 
neurological = alteration of consciousness, change of behavior, drowsiness.
OIT, oral immunotherapy; DBPCFC, double-blind, placebo-controlled food challenge.
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Fig. 1. Correlation between wheat specific IgE to and eliciting dose (r = -0.26, p = 0.182).
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DISCUSSION

We demonstrated that our new relatively low-dose wheat OIT protocol could be carried 
out with a high retention rate (88%) during the 30-month period in this group of patients. 
However, a high rate of adverse reactions was noted during DBPCFC (100%) and build-up 
phases (13 of 26, 50%). Rates of adverse reactions in previous reports were much lower than 
in our study despite their much higher targeted OIT doses. For example, Sato et al. [15] 
reported 6 of 18 patients (35%) developed reactions needing adrenaline during challenge 
phase. A multicenter trial of wheat OIT from USA reported adverse reactions of 15% with 
severe reactions requiring adrenalin despite their high maintenance dose of 4.4 g of wheat 
protein [16]. More recently, Makita et al. [21] using a similar protocol as Sato et al. [15] 
observed no severe reactions required adrenaline during their rush OIT phase. However, 
a study from Finland reported moderate to severe reactions in 60% of their patients 
[17]. Differences in rate of adverse reactions noted among these studies could be due to 
differences in patients' degree of wheat sensitivities, source of wheat used for OIT, OIT 
protocol (and flexibility of protocol), premedication, and cofactors such as exercise and 
infection. Since we were able to dilute patients' sera to know their exact wheat SpIgEs, we 
tended to advise OIT to those with very high levels (15 of 26 had level over 100 kUA/L). This 
could be the most important reason for high rates of adverse reactions in our study as well as 
in the Kulmala's study although further investigation is needed to clarify this contention.

Retention rate of patients in our study was high (88%). This is comparable to the rate observed 
by Sato et al. [15] from Japan (94%). It is difficult to calculate such rate from the study of Nowak 
et al. [16] but most of their selected patients were able to reach the maximum OIT dose. On the 
contrary, the Finnish report showed only 57% retention rate [17]. Since we were not stringent 
in the criteria of discontinuation in our real-life OIT practice, OIT was continued among 
several children with adverse reactions whom parents requested OIT continuation. Some of 
these patients could have been excluded out from OIT schedule by investigational criteria. 
Such exclusion could have even lowered our retention rate further. One prognostic factor for 
predicting adverse reactions and dropping out/exclusion could be high level of SpIgE to wheat. 
In our analysis (data available upon request), there was no relationship between grade of 
reactions developed during the build-up phase and level of wheat SpIgE in this patient group.

Since reactions noted in DBPCFC were severe (84% had reactions in WAO grade II and III 
with 65% needing adrenaline injections)., it is thus prudent to carry out such challenge in the 
intensive care unit. Severe reactions were also observed in build-up phase and adrenaline was 
needed in 6 occasions. Skin manifestation was the most common system involved and 15 of 
26 (57%) had reactions in 2 or more body systems.

It should be pointed out that ED in this study was low, i.e., median of 200 mg of wheat 
powder (20 mg of wheat protein). Other studies reported varying EDs (range, 43–450 mg) [8, 
14-17]. This is not unexpected since patients selected for various studies had different degree 
of wheat sensitivities. In fact, a negative but nonsignificant relationship between wheat SpIgE 
and ED dose was observed in our study. Taken together, we feel strongly that the starting 
dose for DBPCFC should be equal to or lower than 1 mg of wheat protein for patients with 
high degree of wheat allergy.

The dose of wheat protein chosen for maintenance phase in this study (1.5-g wheat protein 
- one slice of bread) is low compared to a much higher maintenance dose in other studies 
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[14-16]. Most studies selected amount of wheat protein contained in 2–3 slices of bread (i.e., 
4.4–5.2 g) to be their maintenance doses. Aim of OIT is a very important consideration 
in choosing target doses of OIT. For instance, if ones aim to avoid reactions after minute 
exposure to wheat, maintenance OIT dose could be set to a much lower dose such as 
100–400 mg of wheat protein (as contained in reasonable volume of seasoning sauce for daily 
cooking). Such lower maintenance dose is a much readily feasible in real-life situation (i.e., 
low-dose OIT). This is perhaps desirable for parents to allow cooking more palatable foods 
for their children. For those patients desired to consume normal serving of wheat-containing 
food, higher maintenance dose of wheat OIT should be set accordingly. Additionally, low-
dose OIT should be associated with less adverse reactions than conventional OIT [22]. 
We are unable to study sustained unresponsiveness (ability to consume food ad libitum) 
in our study due to a short duration of our study. In the Nowak et al. [16], after 2 years of 
treatment, almost half of their patients lost their tolerance after discontinuing maintenance 
dose for only 8–10 weeks. Similarly, allergic symptoms recurred as early as 1 month after 
passing the final OFC in the study of Makita et al. [21]. Thus, in order to achieve sustained 
unresponsiveness, wheat OIT may require a longer than 2 years maintenance period as 
suggested in studies with egg OIT [23].

Short comings of this study are small number of patients, lack of controls, and short duration 
of follow-up. The study, however, was designed only to learn about the feasibility and safety 
of this new OIT protocol. Moreover, it is performed in a real-life allergy practice and thus 
could represent a more realistic picture than in a strict investigational environment. It is 
possible that with the extension of the study period, more clarifications on retention rate, 
rate of adverse reactions, length of maintenance, and even sustained unresponsiveness could 
be examined further.

In conclusion, we, herein, reported that the new 3-phase wheat OIT protocol can be used for 
highly sensitized wheat allergic patients. However, there were high rates of adverse reactions 
and thus, such therapy should be performed by professionals with thorough knowledge on 
natural history of wheat allergy and also with knowledge in the treatment of anaphylaxis. 
Close home follow-up care is needed to monitor adverse reactions during the build-up phases 
to ensure safety of these patients.
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