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1  | INTRODUC TION

Peanut allergy is a common disease1-3 and is one of the major causes 
of anaphylaxis.4 In Japan, peanuts account for 4.6% of anaphylactic 
food reactions.5 In some persons, even a trace amount of peanut 
ingestion can lead to anaphylaxis.6 Annually, 12% of Canadians with 
peanut allergy accidentally ingest peanuts.7 Considering that pea-
nuts are among the most common food ingredients, the quality of 

life of such patients would improve if they were able to consume 
peanuts in small amounts.8,9 In general, only 20% of children with 
peanut allergy develop tolerance10,11; hence, most of these individu-
als remain at constant risk of anaphylaxis from accidental ingestion.

Although oral immunotherapy (OIT) has been attracting atten-
tion as treatment for peanut allergy, adverse clinical events, in-
cluding severe anaphylactic symptoms, such as shortness of breath 
and fainting, may develop during OIT. Moreover, studies regarding 
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Abstract
Background: Oral immunotherapy (OIT) is a promising treatment for persons with 
allergy; however, it can also cause adverse allergic reactions. In this study, we inves-
tigated the efficacy of low- dose OIT for anaphylactic peanut allergy.
Methods: Twenty- four children (median age, 9.6 years) with anaphylaxis to peanuts 
were hospitalized for 5 days and then gradually fed increasing amounts of peanut 
powder up to 133 mg/day. One year later, they underwent an oral food challenge 
after 2 weeks of peanut avoidance. Those who were asymptomatic after ingesting 
795 mg of peanut protein were defined as having achieved sustained unresponsive-
ness. We measured peanut-  and Ara h2- specific immunoglobulin (Ig) E, IgG, and IgG4 
levels at 0, 1, 3, 6, and 12 months in the OIT group and at 0 and 12 months in the 
control group.
Results: At baseline, all children in the OIT group and 8 in the control group had a 
history of anaphylaxis. The median peanut- /Ara h2- specific IgE levels in the OIT and 
control groups were 55.4/48.6 and 58.2/38.1 kUa/L, respectively. One year later, 8 
(33.3%) children in the OIT group exhibited sustained unresponsiveness, while none 
in the control group did. In the OIT group, the median peanut- specific IgE levels sig-
nificantly increased to 194.0 kUa/L, after 1 month and then significantly decreased 
to 57.5 kUa/L at 12 months. Meanwhile, the median peanut-  and Ara h2- specific IgG 
and IgG4 levels increased significantly after 1 month.
Conclusion: Low- dose OIT induces immunological changes and has the capability of 
achieving sustained unresponsiveness in children with peanut anaphylaxis.
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OIT among patients with anaphylactic food allergy are sparse.12-14 
We previously reported the efficacy of low- dose OIT for patients 
who had anaphylactic reactions to hen’s egg and cow’s milk.15,16 
Additionally, low- dose peanut OIT was previously investigated by 
Vickery et al; however, they excluded patients who developed se-
vere anaphylaxis from their trial.17 Therefore, data on the efficacy of 
low- dose peanut OIT in children with anaphylaxis are limited.

In this study, we investigated the effects of OIT in children who 
are anaphylactic to peanuts, using a lower target dose than is con-
ventionally used.

2  | METHODS

2.1 | Study design

This study was a prospective clinical trial performed at 
Sagamihara National Hospital between July 2013 and March 2016 
(UMIN000011202). Neither the OIT group nor the historical con-
trol group was randomly selected. The historical control group was 
selected from patients who were matched for OIT patients. They 
did not ingest placebo powder. The OIT group was enrolled in an 
open- label study.

2.2 | Participants

Participants were 5-  to 18- year- old individuals with a history of 
anaphylaxis or high levels of peanut- specific immunoglobulin (Ig) E 
(>50 kUa/L).

Participants who developed objective symptoms during an oral 
food challenge (OFC) of 133- mg peanut protein were included in 
the OIT group. Exclusion criteria were poorly controlled bronchial 
asthma, atopic dermatitis, or participation in any other immunother-
apy (Figure 1). Patients who had a history of severe peanut anaphy-
laxis or those with high levels of specific IgE were not excluded.

Because OIT is performed at many facilities in Japan,18 patients 
and their guardians visited our hospital expecting to receive this 
therapy. Therefore, we were unable to designate a strict control 

group. Instead, we assigned a historical control group for comparing 
outcomes. For this group, we selected all patients aged 5 to 18 years 
who presented with objective symptoms during an OFC of 133- mg 
peanut protein at our hospital between 2013 and 2015 and who 
completely avoided peanuts before undergoing a second OFC more 
than 1 year (from 2014 to 2016) after the first OFC (Figure 1).

2.3 | Oral food challenge

We used a pumpkin cake that included 133 mg of peanut protein for 
the first OFC and 795 mg for the final OFC; recipes are described 
in Table S1. The quantitative value of peanut protein was assessed 
using the Kjeldahl method. The pumpkin cake, containing 33.2 mg or 
99.8 mg of peanut protein, was offered to the children in 2 consecu-
tive feedings with a 60- minute interval. OFC was regarded as posi-
tive when the first objective allergic symptoms were observed. We 
provided appropriate treatment based on the severity of symptoms 
according to the Japanese guidelines for food allergy (Table S2).19,20 
Symptom severity was determined based on the organ with the most 
severe symptoms; the threshold dose was defined as the accumu-
lated dose at the time objective symptoms appeared.

2.4 | Oral immunotherapy protocol

The OIT protocol is illustrated in Figure 2. Patients received 
10 mg of loratadine as pre- medication. On the first day, peanut 
powder at half the threshold dose of the OFC was administered 
twice daily at 2- hour intervals. The OIT protocol consisted of 8 
increments, starting from 8 mg of peanut protein and gradually 
increasing to 133 mg (Table S3). Patients ingested peanut powder 
twice daily during the 5 days of hospitalization. If symptoms were 
mild or non- existent, the next amount was administered the fol-
lowing day. Up to 1 month after discharge, intake was continued 
at the amount decided at the time of discharge. After 1 month, if 
asymptomatic intake continued for 5 consecutive days, the intake 
dose was increased by 1 step. Patients gradually increased the 
amount of peanut powder up to 133 mg/day (the target dose). To 

F IGURE  1 Flowchart of participant 
selection (OIT and historical control 
groups). DBPCFC, double- blind, placebo- 
controlled food challenge; OFC, oral food 
challenge; OIT, oral immunotherapy
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treat adverse reactions, we prescribed 10 mg of epinastine, 1 mg/
kg of prednisolone, salbutamol sulfate, and an adrenaline autoin-
jector (0.15 mg or 0.3 mg) to all patients. Both the children and 
their guardians were instructed regarding proper use of the drugs; 
the guardians recorded the presence/absence of symptoms daily. 
When Grade 1 symptoms appeared, dosing for the next day did not 
change; when Grade 2 symptoms appeared, dosing was decreased 
by 1 step; and when Grade 3 symptoms appeared, dosing was 
decreased by 2 steps. Throughout the study, a direct telephone 
hotline was available 24 hours a day. Patients took maintenance 
doses daily after the buildup phase and visited our hospital every 
1- 3 months. When they were able to consume 133 mg without 
symptoms for 1 month, the pre- medication was withdrawn. One 
year after commencing the OIT, patients temporarily discontinued 
therapy for 2 weeks, after which they underwent a 133- mg and 
795- mg OFC on 2 consecutive days. Because we conducted OIT 
for preventing anaphylaxis, if patients were able to ingest peanut 
protein after 2 weeks of avoidance, risk of anaphylaxis was con-
sidered to have decreased. Indeed, more than half of the patients 
were able to ingest peanut protein without symptoms. Patients 
who passed these OFCs were instructed to ingest another 795 mg 
of peanut protein once a week, and those who did not develop 
any symptoms 3 months after the OFC were considered to have 
achieved “sustained unresponsiveness.” If patients did not achieve 
sustained unresponsiveness, we instructed them to ingest 133 mg.

2.5 | Immunological parameters

We measured peanut-  and Ara h2- specific IgE, IgG, and IgG4 lev-
els (ImmunoCAP assay system, Thermo Fisher Scientific, Uppsala., 
Sweden) at 0, 1, 3, 6, and 12 months in the OIT group and at the first 
and second OFCs in the historical control group.

2.6 | End- points

The primary end- point was the achievement of sustained unre-
sponsiveness after 1 year in the OIT group as compared to the his-
torical control group. The secondary end- points were decreased 
levels of peanut-  and Ara h2- specific IgE, IgG, and IgG4 in both 
groups.

2.7 | Statistical analysis

The derived values are expressed as median and range. Differences 
in continuous variables between groups were assessed using 
Wilcoxon rank- sum tests, while differences in categorical data were 
examined using the Fisher’s exact test. A P- value <.05 was consid-
ered statistically significant. All analyses were performed using SPSS 
24.0 software (IBM Corp., Armonk, NY, USA).

2.8 | Ethical considerations

This study was conducted in accordance with the principles of 
the Declaration of Helsinki and was approved by the Sagamihara 
National Hospital Ethics Committee. The study design and risk 
of symptoms were fully explained orally and in writing to the pa-
tients and their guardians. Informed consent/assent was obtained 
from all patients and guardians. All data were anonymized prior to 
analysis.

3  | RESULTS

3.1 | Participant background

Twenty- seven children with peanut anaphylaxis underwent OFC, 
25 of whom showed objective symptoms. One child did not consent 
to participate in the OIT; hence, 24 children (median age, 9.6 years) 
underwent peanut OIT (Figure 1). The historical control group con-
sisted of 10 children (median age, 7.6 years). In the OIT group, all 
children had a history of anaphylaxis to peanuts; the median number 
of anaphylactic episodes was 2. The median peanut- specific IgE level 
was 55.4 (2.3- 400) kUa/L, while the Ara h2- specific IgE level was 
48.6 (1.5- 303) kUa/L. Prior to OIT, the mean threshold that induced 
objective symptoms was 87 mg. The proportion of children who had 
a history of anaphylaxis was higher in the OIT group than in the his-
torical control group (100% vs 80%) (P = .02) (Table 1).

3.2 | Clinical outcomes

In the OIT group, all children completed the protocol, and 22 (92%) 
achieved desensitization within 1 year (median 3 months, range 
1- 5 months). After 1 year, 16 children (67%) passed the 133- mg OFC, 
and 14 (58%) passed the 795- mg OFC. Only 1 child (10%) in the his-
torical control group passed the 133- mg OFC (P = .006). Ultimately, 
8 children (33%) in the OIT group achieved sustained unresponsive-
ness, whereas no child in the historical control group was able to 
consume the 795- mg peanut protein (P = .03) (Table 2).

3.3 | Adverse reactions and treatments

During admission, 79 of the 119 total doses (66.4%) resulted in al-
lergic reactions; however, no severe symptoms developed. A total of 
26% of adverse reactions required treatment, and no child received 
intramuscular adrenaline during admission.

F IGURE  2 OIT protocol. OFC, oral food challenge; OIT, oral 
immunotherapy
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During the home dosing phase, total doses resulted in symptoms 
in 9.1% of the participants. Meanwhile, severe symptoms occurred 
in 0.01%. One child received intramuscular adrenaline at home due 

to continuous repetitive coughing after intake (Table 3). Moreover, 
there was no accidental peanut exposure in the historical control 
group during the study period.

3.4 | Laboratory data

The median peanut-  and Ara h2- specific IgE levels significantly 
increased from baseline to 1 month (194.0 kUa/L, 156.7 kUa/L, 
respectively) (P < .001) and significantly decreased (compared 
to 1 month) at 3, 6, and 12 months. The median peanut-  and Ara 
h2- specific IgG levels in the OIT group increased significantly 
from baseline (7.39 mgA/L, 6.94 mgA/L, respectively) to 1 month 
(36.8 mgA/L, 28.6 mgA/L, respectively) (P < .001). Similarly, 
peanut-  and Ara h2- specific IgG4 increased significantly from 
baseline (0.43 mgA/L, 0.23 mgA/L, respectively) to 1 month 
(2.3 mgA/L, 1.8 mgA/L, respectively) (P < .001) (Figure 3). No 
significant changes were observed in the historical control group 
(Figure S1).

OIT group (n = 24)
Historical control group 
(n = 10) P- value

Age (y) 9.6 (6.1–16.2) 7.6 (5.7- 12.7) ns**

Male, n (%) 18 (75.0%) 7 (70.0%) ns*

History of anaphylaxis due to 
peanut, n (%)

24 (100.0%) 8 (80.0%) .02*

Number of incidents of 
anaphylaxis

2 (1–3) 1 (0–3) ns**

Complications

BA, current, n (%) 8 (33.3%) 4 (40.0%) ns*

AD, current, n (%) 11 (45.8%) 4 (40.0%) ns*

AR, current, n (%) 16 (66.7%) 5 (50.0%) ns*

Severity of symptoms during first OFC

Mild 1 1 ns*

Moderate 22 7

Severe 1 2

Mean threshold of first OFC 
(mg)

87 (33–133) 98 (33–133) ns**

Specific IgE

Peanut (kUa/L) 55.4 (2.3–400) 58.2 (2.8–167) ns**

Ara h2 (kUa/L) 48.6 (1.5–303) 38.1 (0.05–71.3) ns**

Specific IgG4

Peanut (mg/L) 0.43 (0.03–3.95) 0.45 (0.03–2.3) ns**

Ara h2 (mg/L) 0.23 (0.03–2.9) 0.15 (0.03–1.25) ns**

Skin prick test

Wheal (mm) 12 (6–23) 15 (10–21) ns**

Erythema (mm) 24 (11–48) 30 (18–37) ns**

AD, atopic dermatitis; AR, allergic rhinitis; BA: bronchial asthma; ns, not significant; OFC, oral food 
challenge; OIT, oral immunotherapy.
Values with parentheses denote median (range).
*Fisher’s exact test.
**Wilcoxon’s rank- sum test.

TABLE  1 Patients’ profiles

TABLE  2 Results following the 12- month treatment or 
elimination period

OIT group 
(n = 24)

Historical control 
group (n = 10) P- value

Desensitization to 
133 mg

22 (91.7%) 1 (10%) <.0001

Passed 133- mg OFC 16 (66.7%) 1 (10%) .006

Passed 795- mg OFC 14 (58.3%) 0 (0%) .001

Sustained unrespon-
siveness to 795- mg 
peanut protein

8 (33.3%) 0 (0%) .03

OFC, oral food challenge; OIT, oral immunotherapy.
P- values were calculated using Fisher’s exact test.
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3.5 | Predictor of sustained unresponsiveness

We compared the baseline characteristics of the OIT group partici-
pants who achieved sustained unresponsiveness with characteristics 
of the participants who did not achieve sustained unresponsiveness. 
At baseline, Ara h2- specific IgE level was 29.9 kUa/L in the sustained 
unresponsiveness group and 71.1 kUa/L in the allergic group. Ara 
h2- specific IgE level was the only predictive factor for the achieve-
ment of sustained unresponsiveness (Table S4).

4  | DISCUSSION

To our knowledge, this is the first study to show that low- dose OIT 
induces immunological changes and sustained unresponsiveness in 
patients with peanut anaphylaxis. Although some trials have dem-
onstrated the efficacy of peanut OIT, knowledge regarding OIT for 
patients with anaphylactic peanut allergy is sparse.12-15,21 Here, all 
patients had a history of previous anaphylaxis, and peanut- specific 
IgE levels were high (median, 55.4 kUa/L), factors which may lower 
the efficacy of conventional OIT.21,22

The efficacy and safety of low- dose OIT for those allergic to 
hen’s egg, cow’s milk, and peanut have recently been reported.15-17 
The frequency of moderate- to- severe symptoms, including those 
requiring treatment, was lower with low- dose OIT than with con-
ventional OIT.23 In terms of low- dose peanut OIT, Vickery et al 

reported that 85% of patients in their OIT study’s low- dose group 
(300 mg) and 71% in their high- dose group (3000 mg) achieved 
sustained unresponsiveness.17 Their data suggested that low- 
dose peanut OIT may effectively induce sustained unresponsive-
ness. However, their trial appears to have enrolled patients with 
relatively mild peanut allergy, as the median peanut- specific IgE 
was only 14.4 kUa/L and those with severe anaphylaxis were ex-
cluded. By contrast, all patients in our study had a history of ana-
phylaxis as well as high levels of peanut-  and Ara h2- specific IgE, 
and our approach showed marked efficacy of low- dose OIT, as 
evidenced by 92% of our patients achieving desensitization and 
33% achieving sustained unresponsiveness.

With respect to adverse allergic reactions during conventional 
peanut OIT, Anagnostou et al12 reported low rates of such inci-
dences in their slow OIT study with a target dose of 800 mg of 
peanut protein. In their study, allergic reactions ranged from oral 
itching (6.3%) to wheezing (0.41%); only 1 of their patients self- 
administered intramuscular adrenaline “twice”. However, the fre-
quency of these symptoms tended to be higher in patients from 
this previous study than those in our study (for whom intake at 
home was also a therapy component). Additionally, Hofmann 
et al13 performed an OIT trial with a maintenance dose of 300 mg 
of peanut protein. Adrenaline was administered to 4 of their pa-
tients (14%) during the initial escalation period and to 2 patients 
during the home dosing period. In our study, intramuscular adren-
aline was never administered at the hospital—only “once” at home. 
This rate was lower than that of the aforementioned studies, 
potentially owing to a lower target dose of 133 mg in our trial. 
Accordingly, these findings indicate that our low- dose OIT proto-
col is relatively safe.

Previous studies revealed peanut-  and Ara h2- specific IgE and 
IgG4 changes in rush OIT.21,24 Although the target dose in our 
study was lower than that in other studies, the levels of peanut-  
and Ara h2- specific IgE significantly increased after 1 month of 
treatment and then significantly decreased at 3, 6, and 12 months. 
Furthermore, peanut-  and Ara h2- specific IgG and IgG4 significantly 
increased after 1 month. To our knowledge, we are the first to report 
that low- dose peanut OIT induces such immunological changes and 
that low- dose peanut OIT may be an effective treatment to induce 
immunological changes and sustained unresponsiveness in children 
with severe peanut allergy.

A limitation of this study was the differences in characteris-
tics between the participants in the OIT and historical control 
groups (Table 1). Because patients and their parents expected 
OIT, we were unable to establish a strict control group. However, 
all patients in the OIT group had a history of anaphylaxis to 
peanuts. In general, such patients are unlikely to acquire toler-
ance.25,26 Nevertheless, the treatment outcome was better in the 
OIT group, suggesting that any differences in characteristics had 
a minimal influence on the outcome. Another limitation is that 
2 weeks of avoidance of peanut protein may be insufficient to 
assess achievement of sustained unresponsiveness.27 However, 
the purpose of our study was to prevent anaphylactic symptoms 

TABLE  3 Adverse allergic reactions during the oral 
immunotherapy protocol

Adverse reactions and 
treatment Hospital Home

Total number of intakes 119 8209

Total number of adverse 
reactions, n (%)

79 (66.4%) 744 (9.1%)

Mild, n (%) 46 (38.7%) 608 (7.4%)

Moderate, n (%) 33 (27.7%) 123 (1.5%)

Severe, n (%) 0 (0.0%) 1 (0.01%)

Gastrointestinal symptoms, n 
(%)

34 (28.6%) 744 (9.1%)

Mucosal symptoms, n (%) 29 (24.4%) 354 (4.3%)

Cutaneous symptoms, n (%) 18 (15.1%) 140 (1.7%)

Respiratory symptoms, n (%) 18 (15.1%) 81 (1.0%)

Cardiovascular symptoms, n 
(%)

0 (0.0%) 0 (0.0%)

Treatment

Any treatment, n (%) 31 (26.1%) 174 (2.1%)

Antihistamine, n (%) 27 (22.7%) 166 (2.0%)

Corticosteroid, n (%) 6 (5.0%) 18 (0.2%)

β2 inhalation, n (%) 10 (8.4%) 10 (0.1%)

Adrenaline, n (%) 0 (0.0%) 1 (0.01%)

OIT, oral immunotherapy.
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due to accidental exposure in patients with severe peanut ana-
phylaxis. If patients were able to ingest peanuts after 2 weeks of 
complete avoidance, then the risk of anaphylaxis ought to be low 
in daily life. Additionally, previous studies defined sustained un-
responsiveness as passing the OFC after discontinuing OIT; how-
ever, such patients were still susceptible to developing allergic 
symptoms.28 Therefore, we defined sustained unresponsiveness 
as both passing the OFC and successfully ingesting peanut pro-
tein once a week at home without symptoms. As such, patients 
were essentially able to consume peanuts in real- life settings. 
Moreover, a 2- week abstinence period has been used in other 
OIT trials.16,29

Finally, we excluded those with poorly controlled bronchial 
asthma or atopic dermatitis, because these patients have a high risk 

of adverse reactions.29,30 Therefore, these findings may not be ap-
plicable to those patients.

In conclusion, as compared to conventional OIT, low- dose OIT 
more safely induced immunological changes in patients with ana-
phylaxis to peanuts and appeared to be effective in inducing sus-
tained unresponsiveness.
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