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Abstract
Background: Thirty percent of children with food allergy are allergic to more than one food. Previous studies on
oral immunotherapy (OIT) for food allergy have focused on the administration of a single allergen at the time. This
study aimed at evaluating the safety of a modified OIT protocol using multiple foods at one time.
Methods: Participants underwent double-blind placebo-controlled food challenges (DBPCFC) up to a cumulative
dose of 182 mg of food protein to peanut followed by other nuts, sesame, dairy or egg. Those meeting inclusion
criteria for peanut only were started on single-allergen OIT while those with additional allergies had up to 5 foods
included in their OIT mix. Reactions during dose escalations and home dosing were recorded in a symptom diary.
Results: Forty participants met inclusion criteria on peanut DBPCFC. Of these, 15 were mono-allergic to peanut and
25 had additional food allergies. Rates of reaction per dose did not differ significantly between the two groups
(median of 3.3% and 3.7% in multi and single OIT group, respectively; p = .31). In both groups, most reactions
were mild but two severe reactions requiring epinephrine occurred in each group. Dose escalations progressed
similarly in both groups although, per protocol design, those on multiple food took longer to reach equivalent
doses per food (median +4 mo.; p < .0001).
Conclusions: Preliminary data show oral immunotherapy using multiple food allergens simultaneously to be
feasible and relatively safe when performed in a hospital setting with trained personnel. Additional, larger,
randomized studies are required to continue to test safety and efficacy of multi-OIT.
Trial registration: Clinicaltrial.gov NCT01490177
Keyword: Food allergy, Oral immunotherapy (OIT), Specific oral tolerance induction (SOTI), Multiple, Safety,
Efficacy

Introduction
Food allergy is the leading cause of fatal and recurring
anaphylaxis in children and teenagers in both Europe
and the United States [1-3]. The current standard of care
is to practice strict avoidance of the food allergens and
have injectable epinephrine readily available, in case of
accidental exposure [1]. Unfortunately, unintentional ingestion is a common occurrence [4].
Oral and sublingual allergen-specific immunotherapies
have been proposed as possible methods of desensitization
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and, possibly, of induction of tolerance, with several prior
studies having shown some success in using these approaches for single specific food allergens such as milk
[5-11], egg [10-14], peanut [15-20], and hazelnut [21].
These monotherapies appeared relatively safe when conducted in a supervised and controlled setting, with severe
reactions requiring epinephrine being rare.
Despite these promising results, there is lack of information regarding simultaneous administration of multiple foods within the same treatment. This is an
important caveat considering that 30% of food allergic
participants under 18 years old are estimated to be allergic to more than one food [22-24]. This estimate has
been reported to increase to 70% when considering
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highly atopic children [25]. Compared to those with single food allergies, these participants experience a greater
decrease in quality of life [26], are more likely to suffer
from dietary deficiencies [27] and are less prone to spontaneously outgrowing their allergies [28].
Since OIT relies on allergen ingestion on a daily basis,
mostly at home, the main concerns with simultaneous
allergen administration are about safety. Previous studies
using non-specific anti-IgE stimulation showed that
binding of only 200 to 500 of the 250, 000 surface IgE
molecules on a basophil are required to trigger degranulation [29]. A concern is that administration of multiple allergens simultaneously would in theory result in an
increased number of specific IgE molecules being simultaneously bound and cross-linked on mast cells and basophils, increasing the risk of reaching this threshold. It is
also unknown whether such an approach would affect
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treatment efficacy. One could hypothesize that immunologic responses and memory responses to each food would
be allergen specific; however, synergic effects cannot be
excluded.
The primary endpoint (safety) of our investigation was
the occurrence of allergic reactions throughout the course
of the study, comparing food allergic participants with either peanut alone or multiple foods in their treatment.

Methods
This phase 1 study was performed in a single center in a
hospital setting with Institutional Review Board approval, under Investigational New Drug (IND) approval.
Participant selection, study medication and design are
described in the Additional file 1. Briefly, participants
older than 4 years were eligible for inclusion if they had
proven sensitivity to the food allergen documented by

A

B

Figure 1 OIT trial design including (A) screening and trial flow chart and (B) immunotherapy protocol timeline. Amount of maintenance
dose depends on number of allergen in mix (4000 mg per allergen).
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both a skin prick test greater than 7 mm (wheal) and
specific IgE greater than 2kU/L to peanut as well as
positive allergic reaction in a double-blind placebocontrolled oral food challenge (DBPCFC) up to a cumulative dose of 182 mg as per Bock’s criteria [30].
Further DBPCFC were also performed following the
same protocol to nuts, sesame seed, dairy or egg to document additional food allergies. Exclusion criteria (which included severe anaphylaxis requiring ICU admission and
poorly controlled asthma) are listed in the Additional file 1.
Participants who reacted only to peanut on their inclusion DBPCFC were assigned to the single OIT group
while those who reacted to additional foods were assigned
to multiple food therapy (Figure 1A). The multi OIT
Table 1 Baseline characteristics
Multiple food Single peanut
allergy group allergy group
Number of participants

25

15

Median Age in yrs. (range)

8 (4–25)

10 (5–46)

Male

14 (56%)

8 (53%)

regimen (up to five food allergens could be used) was customized to what the participant was found to be allergic
to by DBPCFC. The OIT protocol for both groups (single
OIT and multi OIT) consisted of three phases: (1) the
initial escalation day (or modified rush day), (2) home
dosing with biweekly visits for dose escalations and (3)
the maintenance phase (Figure 1B) which are detailed
in the Additional file 1. Participants were instructed to
take oral cetirizine (dosed as per each product insert)
1 hour before home doses and trained on the use of
epinephrine (see details in the Additional file 1). The
primary goal of the OIT was to achieve a 10-fold increase from initial DBPCFC threshold. The dosing
protocol was designed to continue dose increases up to
a daily maintenance dose of 4000 mg protein of each
allergen (up to 20,000 mg cumulative dose for those
on 5 allergens).
Serological analysis

Atopic Dermatitis

17 (68%)

8 (53%)

Allergic Rhinitis

13 (52%)

9 (60%)

Asthma

17 (68%)

10 (66%)

Sera at baseline and at 12 months were analyzed for
food-specific IgE and IgG4 levels by immunoCAP FEIA
(Thermofisher Scientific/Phadia, Kalmazoo, MI) when
available. IgE antibody levels < 0.1 kUA/L and IgG4 antibody levels <0.01 kUA/L were considered undetectable.
IgE antibody levels between 0.1 and 0.35 kUA/L currently have an undetermined clinical significance.

15 (7–25.5)

12 (7–22)

Statistical analysis

90.4 (2.43-100)

80 (3.66-100)

50 (0.1-100)

25 (1.6-100)

Skin

20 (80%)

12 (80%)

Upper airways

18 (72%)

12 (80%)

GI

17 (68%)

12 (80%)

Lower airways

6 (24%)

3 (20%)

Coexisting atopic disease

Baseline testing to peanut (median and range)
SPT in mm
Specific IgE in kUA/L
DBPCFC step eliciting symptoms
(mg protein)
Symptoms upon peanut DBPCFC

Other food allergies meeting DBPCFC criteria for inclusion

Clinical characteristics and safety data were compared
between the groups using student T test for continuous
and Pearson’s chi-square for dichotomic variables. Dose
progression was measured as time to reach 10-fold increase from initial cumulative dose eliciting a reaction
on DBPCFC to peanut as well as doses of 300, 1000 and
4000 mg protein per food allergen. Groups were compared with Kaplan-Meier curves using the Breslow test.
Table 2 Reaction rates
Multi (n = 25) Single (n = 15) p-value

Walnut

14 (56%)

N/A

Cashew

13 (52%)

N/A

Pecan

7 (28%)

N/A

Milk

7 (28%)

N/A

Egg

6 (24%)

N/A

Sesame

6 (24%)

N/A

Almond

5 (20%)

N/A

Hazelnut

3 (12%)

N/A

2

6 (24%)

N/A

3

8 (32%)

N/A

4

5 (20%)

N/A

5

6 (24%)

N/A

Number of food in mix

Initial escalation day
Reactions (Reaction rate)
Epinephrine use

15 (60%)

6 (40%)

.22

0

0

1.00

Dose escalations
Total doses
Median reaction rate [range]
Epinephrine use

603 doses

277 doses

3.4% [0–23.1]

3.7% [0–16.6]

.31

0

0

1.00

Home dosing
Total doses

12030 doses

Median reaction rate [range] 3.1% [0.6-29.2]
Epinephrine use (per dose)
Epinephrine use
(per participant)

7830 doses
2.9% [0.1-59.0]

.65

2 (0.02%)

2 (0.03%)

.67

2 (8%)

2 (13%)

.62
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Changes in serologies were assessed by Wilcoxon
matched-pairs signed rank test.

Results
A total of 40 participants ranging in age from 4 to
46 years met inclusion criteria on DBPCFC and were enrolled in an OIT protocol. Fifteen (15) with single peanut allergy documented by DBPCFC were assigned to
peanut single OIT. The 25 remaining eligible participants received multi OIT for multiple allergens. Detailed
allergen combinations in the multi group are available in
the Additional file 1. Clinical characteristics of each
group are compared in Table 1. There were no statistically significant differences between the groups. Both
groups were also comparable with regards to their
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peanut allergy SPT, specific IgE and DBPCFC results. Allergy evaluation results for other foods included in the
multi group are available in the Additional file 1.
There were no serious adverse events in the study. Over
the study period, there were 5 drop outs for reasons which
included non-compliance with study medication (n = 4)
and change of residence (n = 1). One participant in the
multi OIT group was unable to increase doses due to eczema flares that prevented initial escalation and was categorized a treatment failure (n = 1). These participants
were included in safety analyses but censored at the point
where they were excluded. Overall, a total of 277 hospital
escalation doses and 7,830 home doses were given in the
peanut monotherapy group; while 603 hospital escalation
doses and 12,030 doses were given to the participants

A

B

C

Figure 2 Symptom occurrence with (A) initial escalation day, (B) dose escalations and (C) home dosing during OIT to multiple foods.
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receiving multi-allergen OIT (Table 2). No more than 3
doses were missed consecutively by any one participant,
based on dose diary review.
Most reactions to multiple food OIT doses were mild,
with abdominal pain being the most frequently reported
symptom, both in hospital setting and at home. Figure 2
presents symptom profiles per doses while Table 2 reports
distribution of participants’ individual reaction rates for
each OIT phase. Most participants experienced symptoms
on the initial escalation day (60%) which were mild. Our
data showed no statistical difference in adverse event rate
or severity when comparing customized multi OIT regimens (i.e. there were not higher rates of allergic reactions
with particular or with greater number of foods in mix).
Participants in the monotherapy group had a similar
reaction profile (Additional file 1: Figure S1). Of note,
one patient in this group reported frequent mild abdominal cramping with 369 of 630 home doses (59%)
(not shown in Additional file 1: Figure S1). She was able
to progress normally with dose escalations and these reactions eventually subsided while on maintenance.
Table 2 compares reaction rates in both groups, which
did not differ significantly.
Two severe reactions requiring epinephrine occurred in
each group after home dosing (Additional file 1: Table S3).
In the monotherapy group, one participant had abdominal
pain and wheezing within 20 minutes of food allergen
ingestion and was immediately treated with injectable
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epinephrine; symptoms resolved within 6 minutes of treatment. Another participant had urticaria and wheezing
within 40 minutes of food allergen ingestion and was immediately treated with injectable epinephrine; symptoms
resolved within 5 minutes of treatment. In the multiallergen group, one participant had wheezing and angioedema around the eyes within 25 minutes of food allergen
ingestion, and the reaction resolved within 3 minutes following administration of injectable epinephrine. The other
participant on multi OIT with a severe reaction had abdominal pain, urticaria, and wheezing within 35 minutes
of food allergen ingestion and was immediately treated
with injectable epinephrine; symptoms resolved within
6 minutes of treatment.
Kaplan-Meier curves showing time to reach a 10-fold
increase in threshold dose of food allergen protein, as well
as time to reach a dose of 300 mg, 1000 mg and 4000 mg
food allergen protein are presented in Figure 3. Participants undergoing monotherapy reached these 4 secondary
endpoints significantly faster than those on multi-allergen
OIT (p = .004, p < .0001, p = .0007, and p = .005, for respective outcomes) which was expected given each allergen represented only a fraction of the whole dose in the
latter group. COX regression analysis showed no statistical
difference in dose progression comparing number or combinations of foods in the OIT mix (data not shown).
One year into OIT, peanut-specific IgE remained unchanged in both groups while peanut specific IgG4

Figure 3 Kaplan-Meier curves showing time to dose of 300 mg (A), 1000 mg (B), and 4000 mg (C) per allergen in mix. Panel D shows
time to reach the dose corresponding to a 10 fold increase from the threshold at which the patient reacted to peanut on initial DBPCFC. P-values
from χ2 analysis were calculated using Breslow method.
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antibody increased significantly (p = 0.001 and p = 0.008
in multi and single OIT respectively) (Figure 4). Similar
trends were found to other foods in the multi OIT group
(Additional file 1: Figure S2).

Discussion
In this phase 1 study, we have shown that participants
allergic to multiple foods can be safely desensitized to
up to five foods simultaneously using a modified OIT
protocol. Despite the increasing interest in food OIT in
recent years, the safety or efficacy of using multiple food
flour/powder allergens in parallel has, to our knowledge,
not been published. These findings are particularly relevant considering the already high and likely growing
number of food allergic participants who are allergic to
more than one food allergen [22-25].
The multi OIT study was designed as a proof of concept, phase 1 study; therefore, safety measurements were

Figure 4 Comparison of peanut-specific IgE (A) and IgG4 (B) at
baseline and after one year of OIT. *p = 0.001; **p = 0.008.

Page 6 of 8

the primary endpoint. The rate of reactions observed in
the multi-allergen OIT group was within the acceptable
range for an OIT study and was similar to a reference
cohort of peanut mono-allergic participants undergoing
the same protocol to peanut only. This supports the
view that it is not the diversity or multiplicity of the food
allergen binding surface IgE but rather the total dose of
allergen administered that determines OIT reactions.
However, this data should be viewed as proof of concept
data until randomized, controlled, double-blinded phase
2 studies with larger sample sizes are performed.
In previous single OIT studies, overall reaction rates
tended to vary, possibly due to differences in escalation protocols, allergens, selection of participants or use of antihistamine pre-medication [7-9,13-15,19]. However, severe
reactions needing epinephrine injections have been consistently shown to be an occurrence, albeit rare, when performing OIT. In our study, 2 participants from each group
required epinephrine during the study period. Although the
number of allergens did not seem to increase the risk of severe reactions, a state of continual vigilance is needed to
perform OIT. As most reactions occurred at home (including those severe reactions requiring injectable epinephrine),
participants and families carry reaction medications at all
times and are educated on the proper use of injectable epinephrine and on the recognition of severe reactions that
warrant its use. It is also important that the food doses be
from a verifiable and reproducible source, that they be carefully measured and cross-checked by clinical staff and
stored and dispensed from an appropriate facility.
We chose to proceed with a single dose of each food in
an equal protein stoichiometric ratio. In some smaller children that are slow eaters, the process of eating their dose
could take up to 1 hour with a mix of 5 nuts at full dose. In
such cases, it would not have been feasible to wait in between foods for the occurrence of a reaction. Our final
maintenance dose was 4000 mg per allergen. The optimal
long term maintenance dose for food OIT has not been
identified yet and may need to be individualized. More
studies are needed to determine this parameter of OIT
which may have an impact on subject compliance with
ingestion.
Except for one participant who was excluded due to eczema flares and two drop-outs, all participants reached a 10
fold increase in their reaction threshold during the study
period. The median time at which participants on single allergen OIT reached this dose was 14 weeks earlier than for
those on the multi-allergen therapy. Participants undergoing multi-allergen OIT also took more time reaching the
300 mg, 1000 mg and 4000 mg doses. This delay is to be
expected since there were up to 5 food allergens given simultaneously and the dose for each individual food allergen
was divided evenly. Importantly, this phase 1 study demonstrates that it is possible and feasible to test the effect of
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multi food allergen therapy simultaneously, rather than performing single immunotherapy in sequence for patients, a
process that could take many years for patients who are
multi-sensitized to food allergens.
Although no SCORAD was calculated, it is worth noting that the participant that failed the initial dose escalation had significantly more severe eczema than other
participants, for which he reported a history of systemic
treatment and a clear relation with ingestion of food
allergens. The eczema was active at enrolment despite
topical treatment.
Despite showing proper dose progression, our study did
not prove treatment efficacy. To measure true clinical tolerance, participants would have to stop their maintenance
dose and demonstrate sustained unresponsiveness on a
challenge after weeks to months of avoidance, which was
beyond the scope of this study [31].
Serological analysis did show an increase in peanutspecific IgG4 similar to the monotherapy group. Peanutspecific IgE were stable after one year but this was not
unexpected, as previous reports have shown that food
specific IgE may start decreasing below baseline levels
only after the first year of therapy [8,13,16,32].
One limitation to this study was the absence of
randomization. This said, this is not a requirement for
phase 1 studies. The single and multiple allergic participant were part of the same protocol. We cannot rule out
that the molecular sensitization profile could be different
in multi-allergic participants that exhibit cross-reactivity
with other nuts as it was not tested fully. Regardless,
these proof of concept results show that OIT to multiple
foods might be as safe as peanut OIT in single-allergic
participants.
In conclusion, using a modified OIT protocol we have
shown that simultaneous desensitization to multiple
foods is feasible and worthy of further study. The reaction profile compared to that of peanut single-allergic
participants undergoing monotherapy and participants
showed comparable changes on serological examination.
At this time, OIT should be considered an experimental
treatment and should be conducted by trained research
personnel in a hospital setting. Randomized, placebocontrolled phase 2 multicenter trials are needed to continue to determine safety and efficacy parameters of
multi OIT in multi-allergic participants.

Additional file
Additional file 1: Supplemental methods and figures [33,34].
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Page 7 of 8

Competing interests
This project was approved by the IRB committee at Stanford University.
The authors have no relevant conflict of interest to disclose.
Authors’ contributions
KN conceived and designed the study. PB, LW, TD, LB, TT, BK, AM, AB, GO
and MW assessed the patient and acquired clinical data. PB, LW, LB and KN
analysed and interpreted the data. MW and AB performed work on food
flours/powders. PB, LW and KN drafted the manuscript. All authors revised
the manuscript and approved the final version. RH performed serological
analyses.
Acknowledgment
The authors would like to acknowledge Bruce Barnett PhD and Jelena
Berglund PhD for their review of good manufacturing practices. We would
like to thank members of the DSMB for their review of the safety data. We
thank the FDA for their review of the IND and CMC sections. Philippe Bégin
MD FRCPC was supported by AllerGen NCE Inc. (the Allergy, Gene and
Environment Network), a member of the Networks of Centre of Excellence
Canada program.
Funding
Funding for this study was provided by philanthropy and by the Food
Allergy Research and Education.
Author details
1
Allergy, Immunology, and Rheumatology Division, Stanford University, CCSR
3215, Stanford, CA 94305, USA. 2Johns Hopkins University School of
Medicine, Dermatology, Allergy and Clinical Immunology Reference
Laboratory, Baltimore, MD, USA.
Received: 23 October 2013 Accepted: 15 December 2013
Published: 15 January 2014
References
1. Muraro A, Roberts G, Clark A, Eigenmann PA, Halken S, Lack G, MoneretVautrin A, Niggemann B, Rance F: The management of anaphylaxis in
childhood: position paper of the European academy of allergology and
clinical immunology. Allergy 2007, 62(8):857–871.
2. Hompes S, Kohli A, Nemat K, Scherer K, Lange L, Rueff F, Rietschel E, Reese T,
Szepfalusi Z, Schwerk N, et al: Provoking allergens and treatment of
anaphylaxis in children and adolescents–data from the anaphylaxis registry
of German-speaking countries. Pediatr Allergy Immunol 2011, 22(6):568–574.
3. Huang F, Chawla K, Jarvinen KM, Nowak-Wegrzyn A: Anaphylaxis in a New
York city pediatric emergency department: triggers, treatments, and
outcomes. J Allergy Clin Immunol 2012, 129(1):162–168. e161-163.
4. Fleischer DM, Perry TT, Atkins D, Wood RA, Burks AW, Jones SM, Henning
AK, Stablein D, Sampson HA, Sicherer SH: Allergic reactions to foods in
preschool-aged children in a prospective observational food allergy
study. Pediatrics 2012, 130(1):e25–e32.
5. Pajno GB, Caminiti L, Ruggeri P, De Luca R, Vita D, La Rosa M, Passalacqua
G: Oral immunotherapy for cow’s milk allergy with a weekly up-dosing
regimen: a randomized single-blind controlled study. Ann Allergy Asthma
Immunol 2010, 105(5):376–381.
6. de Boissieu D, Dupont C: Sublingual immunotherapy for cow’s milk
protein allergy: a preliminary report. Allergy 2006, 61(10):1238–1239.
7. Longo G, Barbi E, Berti I, Meneghetti R, Pittalis A, Ronfani L, Ventura A:
Specific oral tolerance induction in children with very severe cow’s
milk-induced reactions. J Allergy Clin Immunol 2008, 121(2):343–347.
8. Skripak JM, Nash SD, Rowley H, Brereton NH, Oh S, Hamilton RG, Matsui EC,
Burks AW, Wood RA: A randomized, double-blind, placebo-controlled
study of milk oral immunotherapy for cow’s milk allergy. J Allergy Clin
Immunol 2008, 122(6):1154–1160.
9. Meglio P, Bartone E, Plantamura M, Arabito E, Giampietro PG: A protocol for
oral desensitization in children with IgE-mediated cow’s milk allergy.
Allergy 2004, 59(9):980–987.
10. Fisher HR, du Toit G, Lack G: Specific oral tolerance induction in food
allergic children: is oral desensitisation more effective than allergen
avoidance?: a meta-analysis of published RCTs. Arch Dis Child 2011,
96(3):259–264.

Bégin et al. Allergy, Asthma & Clinical Immunology 2014, 10:1
http://www.aacijournal.com/content/10/1/1

11. Staden U, Rolinck-Werninghaus C, Brewe F, Wahn U, Niggemann B, Beyer K:
Specific oral tolerance induction in food allergy in children: efficacy and
clinical patterns of reaction. Allergy 2007, 62(11):1261–1269.
12. Dello Iacono I, Tripodi S, Calvani M, Panetta V, Verga MC, Miceli Sopo S:
Specific oral tolerance induction with raw hen’s egg in children with
very severe egg allergy: a randomized controlled trial. Pediatr Allergy
Immunol 2013, 24(1):66–74.
13. Burks AW, Jones SM, Wood RA, Fleischer DM, Sicherer SH, Lindblad RW,
Stablein D, Henning AK, Vickery BP, Liu AH, et al: Oral immunotherapy for
treatment of egg allergy in children. N Engl J Med 2012, 367(3):233–243.
14. Garcia Rodriguez R, Urra JM, Feo-Brito F, Galindo PA, Borja J, Gomez E, Lara
P, Guerra F: Oral rush desensitization to egg: efficacy and safety. Clin Exp
Allergy 2011, 41(9):1289–1296.
15. Hofmann AM, Scurlock AM, Jones SM, Palmer KP, Lokhnygina Y, Steele PH,
Kamilaris J, Burks AW: Safety of a peanut oral immunotherapy protocol in
children with peanut allergy. J Allergy Clin Immunol 2009, 124(2):286–291.
291 e281-286.
16. Blumchen K, Ulbricht H, Staden U, Dobberstein K, Beschorner J, de Oliveira
LC, Shreffler WG, Sampson HA, Niggemann B, Wahn U, et al: Oral peanut
immunotherapy in children with peanut anaphylaxis. J Allergy Clin
Immunol 2010, 126(1):83–91. e81.
17. Clark AT, Islam S, King Y, Deighton J, Anagnostou K, Ewan PW: Successful
oral tolerance induction in severe peanut allergy. Allergy 2009,
64(8):1218–1220.
18. Jones SM, Pons L, Roberts JL, Scurlock AM, Perry TT, Kulis M, Shreffler WG,
Steele P, Henry KA, Adair M, et al: Clinical efficacy and immune
regulation with peanut oral immunotherapy. J Allergy Clin Immunol
2009, 124(2):292–300. 300 e291-297.
19. Yu GP, Weldon B, Neale-May S, Nadeau KC: The safety of peanut oral
immunotherapy in peanut-allergic subjects in a single-center trial. Int
Arch Allergy Immunol 2012, 159(2):179–182.
20. Fleischer DM, Burks AW, Vickery BP, Scurlock AM, Wood RA, Jones SM,
Sicherer SH, Liu AH, Stablein D, Henning AK, et al: Sublingual
immunotherapy for peanut allergy: a randomized, double-blind,
placebo-controlled multicenter trial. J Allergy Clin Immunol 2013,
131(1):119–127. e111-117.
21. Enrique E, Pineda F, Malek T, Bartra J, Basagana M, Tella R, Castello JV,
Alonso R, de Mateo JA, Cerda-Trias T, et al: Sublingual immunotherapy for
hazelnut food allergy: a randomized, double-blind, placebo-controlled
study with a standardized hazelnut extract. J Allergy Clin Immunol 2005,
116(5):1073–1079.
22. Gupta RS, Springston EE, Warrier MR, Smith B, Kumar R, Pongracic J, Holl JL:
The prevalence, severity, and distribution of childhood food allergy in
the United States. Pediatrics 2011, 128(1):e9–e17.
23. Wang J, Visness CM, Sampson HA: Food allergen sensitization in inner-city
children with asthma. J Allergy Clin Immunol 2005, 115(5):1076–1080.
24. Wang J: Management of the patient with multiple food allergies. Curr
Allergy Asthma Rep 2010, 10(4):271–277.
25. Park JH, Ahn SS, Sicherer SH: Prevalence of allergy to multiple versus
single foods in a pediatric food allergy referral practice. J Allergy Clin
Immunol 2010, 125:AB216.
26. Sicherer SH, Noone SA, Munoz-Furlong A: The impact of childhood food
allergy on quality of life. Ann Allergy Asthma Immunol 2001, 87(6):461–464.
27. Christie L, Hine RJ, Parker JG, Burks W: Food allergies in children affect
nutrient intake and growth. J Am Diet Assoc 2002, 102(11):1648–1651.
28. Savage JH, Matsui EC, Skripak JM, Wood RA: The natural history of egg
allergy. J Allergy Clin Immunol 2007, 120(6):1413–1417.
29. MacGlashan DW Jr: IgE-dependent signaling as a therapeutic target for
allergies. Trends Pharmacol Sci 2012, 33(9):502–509.
30. Bock SA, Sampson HA, Atkins FM, Zeiger RS, Lehrer S, Sachs M, Bush RK,
Metcalfe DD: Double-blind, placebo-controlled food challenge (DBPCFC)
as an office procedure: a manual. J Allergy Clin Immunol 1988, 82(6):986–997.
31. Calderon MA, Gerth Van Wijk R, Eichler I, Matricardi PM, Varga EM, Kopp MV,
Eng P, Niggemann B, Nieto A, Valovirta E, et al: Perspectives on
allergen-specific immunotherapy in childhood: an EAACI position
statement. Pediatr Allergy Immunol 2012, 23(4):300–306.
32. Varshney P, Jones SM, Scurlock AM, Perry TT, Kemper A, Steele P, Hiegel A,
Kamilaris J, Carlisle S, Yue X, et al: A randomized controlled study of
peanut oral immunotherapy: clinical desensitization and modulation of
the allergic response. J Allergy Clin Immunol 2011, 127(3):654–660.

Page 8 of 8

33. Johannsen H, Nolan R, Pascoe EM, Cuthbert P, Noble V, Corderoy T, et al:
Skin prick testing and peanut-specific IgE can predict peanut challenge
outcomes in preschool children with peanut sensitization. Clin Exp Allergy
2011, 41(7):994–1000.
34. Simons FE, Ardusso LR, Bilò MB, Dimov V, Ebisawa M, El-Gamal YM, et al:
2012 update: world allergy organization guidelines for the assessment
and management of anaphylaxis. Curr Opin Allergy clin Immunol 2012,
12(4):389–399.
doi:10.1186/1710-1492-10-1
Cite this article as: Bégin et al.: Safety and feasibility of oral
immunotherapy to multiple allergens for food allergy. Allergy, Asthma &
Clinical Immunology 2014 10:1.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

