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B S T R A C T

ackground: The increasing incidence of pediatric food allergy results in significant health care burden and
mily stress. Oral immunotherapy (OIT) can induce tolerance to peanut, milk, and egg. OIT for other foods,
articularly multiple foods simultaneously, has not been thoroughly studied.
bjective: To summarize our experience with OIT for multiple foods in a pediatric allergy clinic setting.

Methods: Medical records were reviewed for patients undergoing OIT for multiple foods. Methods and
outcomes of OIT were summarized. Outcomes were analyzed for correlation with baseline food allergen skin
prick tests (SPTs) and specific IgE (sIgE) test results.
Results: Forty-five patients aged 1.5 to 18 years undertook OIT for up to 12 foods, including peanut, tree nuts,
seeds, legumes, and egg. At the time of review, 35 patients were receiving daily maintenance dosing, 4 had
completed OIT and were continuing to eat their foods 3 times weekly, and 6 had stopped OIT because of
anxiety, inconvenience, or allergy symptoms. A total of 49% of patients had reactions during the up-dosing
process, mostly oral itching (33%), perioral hives (40%), and abdominal pain (35%). There was no correlation
of baseline skin prick test (SPT) and sIgE test results with reaction threshold for baseline food challenge,
lowest dose causing reactions during up-dosing, or time to reach maintenance. Higher baseline sIgE level but
not baseline SPT result was associated with an increased number of allergic reactions during OIT. Baseline
SPT correlated with stopping OIT.
Conclusion: A similar approach to that used for peanut OIT can be taken for nonpeanut foods and for
multiple foods simultaneously. High baseline allergy test results are not a contraindication to OIT.
� 2019 American College of Allergy, Asthma & Immunology. This is an open access article under the CC BY-

NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

The incidence of food allergy has increased in recent years.1,2

Until we have effective strategies for primary prevention, the role
of the allergist is to help patients live safely with their food al-
lergies. Avoidance is not always successful; 66% of patients reported
a history of more than 5 reactions to their peanut or tree nut al-
lergens/3,4 Food-induced anaphylaxis increases health care
burden,5 and the stress of living with food allergies has a major
effect on patient and family quality of life.6 The health-related
quality of life is lower with multiple vs single food allergy and
improves when suspected allergies are cleared through oral food
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challenges (OFCs).7 However, many patients have multiple
confirmed food allergies.8,9 and the burden of avoidance is
significant.

There is much interest among allergists, patients, and their
families in finding safe and effective methods for food allergen
desensitization. Studies have found that oral immunotherapy (OIT)
for peanut is effective in increasing the threshold for reaction10 and,
with long-term maintenance dosing, can lead to sustained unre-
sponsiveness to peanut in a minority of patients.11,12 However, for
patients who are allergic to multiple foods, OIT with only one food
is not as helpful; they still need to restrict their diets. Epstein-Rigbi
et al13 found lower health-related quality of life improvement with
single-food OIT in patients with multiple food allergies. One
effective approach for these patients may be to include multiple
food allergens in their OIT.

To date, only 1 trial of multiple-food OIT without omalizumab
pretreatment has been published: Bégin et al14 included up to 5
foods simultaneously for OIT in 25 patients, of whom 22 were able
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to reach daily doses of 10 times their original reaction thresholds
for each food. Additional successful trials of multiple-food OIT have
been performed in conjunction with omalizumab treatment.15-18

This article reports our clinical experience with multiple-food OIT
without omalizumab treatment in a nonresearch pediatric allergy
clinic setting during a 2-year period.

Methods

Electronic Medical Record Review

All patients of one of the authors (M.B.L.) undergoing OIT for
multiple foods were identified by electronic medical record review,
which was approved by the Cincinnati Children’s Hospital Institu-
tional Review Board. Patients who were receiving daily mainte-
nance dosing, patients who had successfully completed OIT, and
those who had stopped OIT were included in this analysis. Patients
who were still up-dosing were not included. Data extracted from
the electronic medical record included food allergy history, other
allergic conditions, baseline allergy test results, OFC results, OIT
visits, and documented communications with the families between
visits.

Emergency department (ED) visits for OIT-related allergic re-
actions were recorded for the patients undergoing OIT. Medical
records of a control group of patients with food allergy who were
accepted for the OIT program andwerewaiting for appointments to
start OIT were also reviewed for the number of ED visits for food
allergy reactions during the preceding 18 months, which is the
mean time patients spent up-dosing and on daily maintenance.

Inclusion Criteria

The diagnosis of each food allergy was based on 1 or more of the
following: (1) convincing clinical history of immediate-type hy-
persensitivity reaction to the food, with positive skin prick test
(SPT) and/or sIgE test results for the food; (2) reaction to OFC with
the food; and (3) inclusion of additional foods in OIT based on al-
lergy test results alone if the patient met criteria 1 and/or 2 for
some foods. All patients had at least 1 food allergy confirmed by
clinical reaction or OFC or by reaction during up-dosing.

Patients were selected for OIT based on the following criteria:
(1) food allergies that were unlikely to resolve spontaneously, (2)
patient and family motivated to participate in OIT and well orga-
nized enough to adhere to the protocol, and (3) no history of
eosinophilic esophagitis (EoE) or symptoms suggestive of EoE
(dysphagia, heartburn, vomiting or abdominal pain). Patients were
not excluded from OIT based on large SPTs, high sIgE levels, or
severity of initial allergic reactions to foods. Asthma control was
optimized before initiating OIT.

OIT Initiation

The starting dose for OIT was based on the highest tolerated
dose at OFC, if available. In cases with clinical history suggestive of a
higher threshold for reaction and no OFC, a graded series of
doubling test doses starting from 1

64 tsp was given initially; the
patient’s daily home dose started with the highest tolerated dose in
clinic. Patients with a history of reacting to trace amounts of the
food had initial test dosing starting at 1

64 tsp of a 1:10 dilution of the
food mixture (or in the case of peanut, with peanut powder diluted
in water to give 1 mg/mL of peanut protein).

The parents purchased the foods and processed them at home if
needed, per our instructions (eAppendix 1). Foods were brought to
clinic the first OIT day and measured by allergy nurses with in-
structions to parents on how tomeasure the doses at home. Parents
were provided with measuring spoon sets with increments down
to 1

64 tsp and/or syringes for measurement of liquid doses.
Measurements were taken by volume (milliliters for liquids or
fractions of teaspoons) rather than by weight because this was
more practical for the parents to reproduce at home. eAppendix 2
gives the approximate milligram protein content for each food at
a given volume measurement.

The OIT test doses were given in clinic, with injectable
epinephrine and diphenhydramine oral suspension available; pa-
tients were monitored for 1 hour after the final dose. Once a safe
starting dose was established, the patient was sent home with in-
structions to take this dose daily until the next visit. Up-dosing
visits were at least 2 weeks and up to 4 weeks apart. At each
visit, the dose was doubled, and the patient was observed in clinic
for 1 hour after the dose and then sent home with the new dose.

Parent Instruction

Parents were advised to give OIT doses with a meal or snack at a
time when (1) they would be available to monitor the child for 1
hour after the dose, (2) the child would not exercise or be in a hot
environment (including hot bath or shower) just before or for 2
hours after the dose, and (3) the child was not sick with fever,
malaise, or significant respiratory symptoms. Parents were
instructed in management of OIT reactions at home, with appro-
priate doses of diphenhydramine (for mild itching or perioral hives)
and ranitidine (for post-OIT abdominal pain or nausea) included in
postvisit instructions. They were instructed to inject epinephrine if
the patient had allergy symptoms that involved at least 2 organ
systems, generalized hives, respiratory distress, or protracted
abdominal symptoms. If epinephrine was administered, the patient
was taken to the nearest ED immediately.

Adverse Events Monitoring

Adverse events were documented by parent report or observa-
tion during clinic visits and by telephone call or encrypted e-mail
between visits. Parents were provided with the senior author’s e-
mail address and cell phone number and were asked to report any
reactions. If allergic symptoms occurred with a dose, the patient
was treated with appropriate medications, and the dose was
reduced to the previously tolerated dose, then advanced more
slowly as tolerated. All dose escalations were done in the clinic.

OIT Maintenance

The daily maintenance dose was determined based on the
number of foods included. For peanut, the most common mainte-
nance dose was 2 tsp of peanut butter (2332 mg of peanut protein)
or 10 peanuts daily (for preschool-aged children and those with
strong aversion, 1 tsp peanut butter [1166 mg of peanut protein] or
5 peanuts daily). Peanut was often dosed separately. For multiple
other foods, the maintenance dose was between 2 to 4 tsp of the
mixture, determined by the patient’s willingness for daily
ingestion.

At the first 6-month maintenance visit, patients were chal-
lenged with 2 to 4 times the maintenance dose to test their toler-
ance to larger amounts of the foods. Daily dosing was then
continued with at least the original maintenance dose, but the
patient could eat more of their OIT foods (up to the amount they
had tolerated in clinic), if desired. At the 12-month maintenance
visit, patients were challenged up to full servings of each food. SPTs
and sIgE tests were repeated every 6 months after the maintenance
dose was reached, until the SPT wheal was less than 8 mm and the
sIgE level was less than 1 kUA/L and the patient was able to tolerate
full servings of the food allergens; at this point, patients were
advised they could decrease dosing of their allergenic foods to 2 to
3 times weekly. It was emphasized that the food allergies could
recur if patients stopped eating the foods regularly.



Table 2
Foods Included in OIT and Baseline Allergy Test Results

Food No. of patients
receiving
OIT for each
food

Baseline sIgE,
median
(range),
kUA/La

Baseline SPT result,
median
(range)
wheal diameter, mm

Cashew 34 11.3 (0.2-75) 17 (5-32)
Pistachio 34 13.9 (0.34-64.4) 15 (5-41)
Walnut 25 20.3 (0.2-64.5) 11 (0-20)
Pecan 25 7.6 (0b-42) 10 (0-23)
Peanut 20 35.8 (0.8-100b) 16 (8-28)
Hazelnut 13 13.1 (0.3-79.5) 9 (2-18)
Almond 8 1.8 (0.31-6.64) 5 (0-13)
Brazil nut 8 2.6 (0-8.8) 5 (0-16)
Sesame seed 4 27.1 (1.2-71) 11 (2-22)
Macadamia nut 4 7.5 (2.7-21.1) NA
Pine nut 3 1.3 (0.7-2.5) NA
Sunflower seed 2 1.9 (0.7-3.2) 7 (3-12)
Soy 1 2.5 0
Coconut 1 2.8 NA
Pumpkin seed 1 0.2 NA
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Statistical Analysis

Descriptive analysis was reported as number (percentage) for
categorical variables and median and (interquartile range) for
continuous variables. Bivariate analysis (Spearman correlation)
was used to assess r (correlation coefficient) and P value for
baseline sIgE and baseline SPT diameter in millimeters with re-
action threshold, lowest dose, and weeks to reach maintenance.
Continuous outcomes (baseline sIgE test and SPT results) were
compared with reaction ever and antihistamines used (yes/no)
variables using nonparametric (Mann-Whitney U and Kruskal
Wallis) tests. Paired t tests were used to assess differences in
serum IgE levels and SPT results from baseline to 6 months, 6 to 12
months, and baseline to 12 months. The Fisher exact test was used
to compare incidence of ED visits between patients undergoing
OIT and wait-listed patients.

Statistical significance was determined at P < .05. Analysis was
performed using SPSS software, version 21.0 (IBM Corp).
Poppyseed 1 2.1 NA
Egg 1 20.7 15
Flaxseed 1 10 NA
Fish (mix of cod,
tilapia, and
salmon)

1 Tilapia: 12.3;
cod: 10.3;
salmon: 8.12

Cod: 20

Abbreviations: NA, not applicable; OIT, oral immunotherapy; sIgE, specific IgE; SPT,
skin prick test.
aSerum sIgE for the food (Phadia ImmunoCAP).
bFor analysis purposes, sIgE results reported as less than 0.09 kUA/L were assigned
the value of 0, and results reported as greater than 100 kUA/L were assigned the
value of 100.
Results

Forty-five patients were receiving daily maintenance or 2 to 3
times weekly ingestion of their food allergens or had stopped OIT at
the time of this report. Demographic characteristics are given in
Table 1. The foods included most often were peanut, tree nuts, and
seeds (Table 2). Most patients (76%) were receiving OIT for 4 or
fewer foods, although a few patients have more foods (up to 12) in
their OIT mixture (Fig. 1). Thirty-five patients started OIT based on
positive OFC results to some of or all their food allergens; 10 pa-
tients started therapy based on a history of clinical reaction to the
food (ranging from 1 to 12 years before starting OIT) and still had
positive allergy test results. Three of these 10 patients had allergic
reactions during up-dosing. At the time of this submission, 35 pa-
tients are undergoing daily maintenance dosing; the mean time to
reach maintenance was 24 weeks (range, 9-54 weeks). Four pa-
tients met the criteria for 3 times weeklymaintenance dosing (after
6, 8, 10, and 24 months of daily maintenance for each patient,
respectively). Six patients (13%) stopped OIT: 1 because of sched-
uling difficulty, 2 for anxiety and aversion to the foods, 1 for
persistent oral allergy symptoms, and 2 because of reactions to the
doses (recurrent abdominal pain in 1 and a single generalized ur-
ticarial reaction in 1).
Table 1
Demographic Characteristics and Diagnoses

Variable Findinga

Age at start of OIT, median (range), y 9.8 (1.5-18.7)
Sex
Female 20 (44)
Male 25 (56)

Race/ethnicityb

White 41 (91)
Black 3 (7)
Hispanic 1 (2)

Asthma
Mild intermittentc 15 (33)
Mild persistent 11
Moderate 3
Severe 1

Allergic rhinitis 37 (82)
Atopic dermatitis 12 (27)

Abbreviation: OIT, oral immunotherapy.
aData are presented as number (percentage) of patients unless otherwise indicated.
bThe racial mix in our area is 79% white, 12% black, 3% Hispanic, and 3% Asian (2017
US Census Report).
cAsthma severity based on National Heart, Lung, and Blood Institute scoring.30
Allergic Reactions During OIT

Reactions occurred in 22 patients (49%) during up-dosing or in
the first 3 months of maintenance dosing (Table 3) during clinic
visits or with a home dose. No patients reported reactions after the
first 3 months of daily maintenance. Twenty-three patients (51%)
had no reaction during the OIT process, 10 (22%) had 1 reaction, and
12 (27%) had 2 or more reactions (Fig. 2). Reactions were scored per
eAppendix 3: 91% weremild (grade 1), 9% weremoderate (grade 2),
and there were no severe reactions (grade 3). The most common
reactions were mouth and throat pruritus in 12 patients (27%) and
hives or abdominal pain in 10 patients each (22%). Most of these
reactions resolved with H1 antihistamines for rash/oral pruritus
and/or H2 antihistamine for abdominal pain. Three reactions were
treated with injected epinephrine and 1 with albuterol. These
medications were given at home, and the patients were sent to the
emergency department. Twenty-nine patients (64%) required no
medication for allergy symptoms, 11 (24%) took an H1 antihista-
mine, 8 (18%) took an H2 antihistamine, and 3 (7%) took both.
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Figure 1. Number of foods included in oral immunotherapy per patient.



Table 3
Number and Type of Reactions at Each Oral Immunotherapy Dosea

Dose, tsp No. of patients
receiving each
dose

No. of reactions No. of patients
reactingb

Grade 1 reactionc Grade 2 reaction

Skin Mouth and throat Abdominal Cardiovascular Chest

1
128

7 3 0 1 0 0 3 3 0

1
64

31 5 1 3 0 0 9 8 0

1
32

33 2 2 1 0 0 5 4 1

1
16

38 0 1 5 0 0 5 5 0

1/8 41 2 1 0 0 0 3 2 1
¼ 41 0 1 2 1 0 4 4 0
½ 41 1 2 1 0 0 3 3 0
1 tsp 41 2 4 3 0 0 10 9 1
1.5 tsp 4 1 0 0 0 0 1 1 0
2 tsp 38 1 2 0 0 0 2 2 0
3 tsp 3 1 1 1 0 1 1 0 1
4 tsp 13 0 0 0 0 0 0 0 0
Total reactions 18 15 16 1 1 46d 41 4

aOnly doses that were associated with reactions are shown; there were several additional doses of diluted peanut, tree nuts, or sesame to which none of the patients had
reactions.
bNot every patient received every dose (some started with higher doses based on tolerance at oral food challenge, some stopped oral immunotherapy before reaching higher
doses, and many stopped with 2 tsp as their maintenance dose).
cGrade 1 reactions were of mild severity; grade 2 were moderate. The scoring system used for grading reaction severity is given in eAppendix 3.
dSome patients reacted to more than one dose; some reactions involved more than one symptom. Only 22 patients had any reaction to oral immunotherapy; 23 patients had
no reactions.
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Oral allergy symptoms improved when the food allergens were
taken with other foods and/or with drinking fluids immediately
after the dose. Urticarial reactions were noted to occur when the
patient exercised or took a hot shower within 2 hours of dosing and
rarely occurred when exercise and heat were avoided. Mild perioral
rashes were often seen in young children who had perioral skin
contact with foods and could be prevented by careful feeding and
immediate wiping of the mouth.

All patients with abdominal pain had resolution of this problem
by the time they reached their maintenance dose, except for 1
patient who stopped OIT because of ongoing problems with nausea
and abdominal pain at low doses.
ED Visits During OIT

Our 45 patients had 4 ED visits for food allergy reactions during
OIT compared with 7 in the 44 wait-listed patients during a similar
period of 18 months (Table 4 and Table 5). In each case of the 4
patients undergoing OIT, their parents gave appropriate treatment
at home. All patients experienced symptom resolution by the time
of arrival to the ED, although 1 patient had a relapse of mild urti-
caria 2 hours later and was observed in the ED for 6 hours.
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Figure 2. Number of food allergy reactions during oral immunotherapy per patient.
Changes in Allergy Test Results During OIT

Additional sIgE test and SPT results after 6 and 12 months of
maintenance dosing were available for a subset of the patients
(Fig. 3 and Fig. 4). These test results indicate a decrease in SPT size
after the first 6 months of maintenance dosing; the sIgE levels
typically decreased after 12 months of maintenance dosing.
Correlations of Baseline Allergy Test Results With Outcomes of OIT

Table 6 gives the correlations between baseline SPT and sIgE test
results and OIT outcomes for the most commonly included foods.
Correlations were found for some foods between baseline allergy
test results and threshold for reacting to OFC, lowest dose causing
an allergic reaction during up-dosing, time to reach maintenance
dose, and need for antihistamine treatment. The results of baseline
sIgE tests and SPTs for pecan, pistachio, and hazelnut (data not
shown) indicated no significant correlations with clinical out-
comes, except for correlation of pecan sIgE and SPT with OFC and
OIT reaction thresholds.
Table 4
Characteristics of ED Patients Undergoing OIT vs a Control Group of Patients on the
Waiting List to Start OIT During a Similar Period of 18 Months

Characteristic OIT patients
(n ¼ 45)

Wait-list patients
(n ¼ 44)

Age, mean (range), y 9.8 (1.5-18.7) 8.3 (1.2-18.6)
Male sex, % 58 43
Race, %a

White 91 84
Black 7 11
Hispanic 2 2
Asian 2

Food allergy reactions with ED visit,
No. (%)

4 (11) 7 (16)b

Epinephrine doses given, No. (%) 3 (7) 5 (11)

Abbreviations: ED, emergency department; OIT, oral immunotherapy.
aThe racial mix in our area is 79% white, 12% black, 3% Hispanic, and 3% Asian (2017
US Census Report).
bP ¼ .35 (Fisher’s exact test).



Table 5
ED Visits for Food Allergy During OIT

Patient No. No. of ED visits
during OIT

Dose/food Symptoms Treatment
at home

Treatment
in ED

Status on
arrival in ED

13 1 1 tsp mixed C/Pi OAS Epi, DP Pred Symptoms resolved
15 1 8 PN, 8 Pi, 4 C OAS, N, W, U Alb, DP SM Symptoms resolved
28 1 1/8 tsp mixed A, B, C, Coc, PineN,

Mac, Pi, H, WN, Pe
N, U Epi, DP DP Symptoms resolved on arrival;

relapse of mild hives 2 hours later
36 1 1/32 tsp C, Pi OAS, U Epi, DP None Symptoms resolved

Abbreviations: A, almond; Alb, albuterol aerosol; B, Brazil nut; C, cashew; Coc, coconut; DP, diphenhydramine orally; ED, emergency department; Epi, epinephrine injection
subcutaneously; H, hazelnut; Mac, macadamia nut; N, nausea or abdominal pain; OAS, oral allergy symptoms (includes itching of mouth or throat, perioral rash); OIT, oral
immunotherapy; Pe, pecan; Pi, pistachio; PineN, pine nut; PN, peanut; Pred, prednisone or prednisolone orally; SM, Solu-Medrol intravenously; WN, walnut; W, wheezing; U,
urticaria.
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Discussion

OIT is an emerging treatment for food allergies, and there is
much to be learned about this process. Our experience with
multiple-food OIT in a clinical setting demonstrates that it is
feasible and reasonably safe compared with multiple-food avoid-
ance. Most patients can reach amaintenance dose that gives them a
safety margin against reactions to unintentional ingestion of the
food. After 6 to 12 months of this maintenance dose, patients
tolerate full servings of the foods and can have an unrestricted diet,
although they are still at risk for relapse of the allergy if they stop
eating the foods daily. Four of our patients have reached the point of
3 times weekly ingestion of the food to maintain long-term toler-
ance. This recommendation is based on the patient tolerating full
servings of the food for several months, a skin test wheal smaller
than 8 mm, and an sIgE level of less than 1 kUA/l. These parameters
are arbitrary, but of the 4 patients described in this report and
others undergoing single-food OIT in our practice who have met
these criteria, none have had relapse of their food allergies.

The OIT regimen described here was tailored to the individual
patient for practical reasons. Starting doses could be higher for
patients who had demonstrated tolerance to the higher dose at
OFC, thus decreasing the number of up-dosing visits required to
reach maintenance dosing. The final maintenance dose was also
individually determined based on the number of food allergens
included in the OIT and the child’s tolerance for daily ingestion of
the foods. Dose-response studies have not been performed for most
foods. Bègin et al14 used a target maintenance dose of 4000 mg of
each food protein, roughly equivalent to 3.5 tsp of peanut butter or
other nut butter, which would be challenging as a daily mainte-
nance dose for a child taking several foods. Nachson et al12

compared adherence and efficacy of 3000 mg and 1200 mg of
peanut protein as a maintenance dose for peanut OIT and found
that adherence was significantly better with the lower dose,
whereas efficacy was similar. Vickery et al19 also found that a lower
maintenance dose of 300 mg of peanut protein was as effective as
3000 mg for achieving peanut desensitization in preschool chil-
dren. In our practice, we aim for the highest dose of each food that
the child is willing to eat daily on a long-term basis. As we gather
more long-term data, comparisons of outcomes with different
maintenance doses of each food will become possible.

Some nuts, such as cashew/pistachio and walnut/pecan, are
cross-reactive and may be cross-desensitizing. We elected to
include all nuts indicated by each patient’s sensitization and reac-
tion history because complete cross-desensitization is not
guaranteed.

Most of the allergic reactions experienced by our patients
were enteric local reactions (oral itching, perioral rashes, or
transient abdominal pain). Systemic allergic reactions were rare,
and none were severe. Only 1 episode of wheezing occurred
among our patients; however, our patients’ asthma was mostly
mild (Table 1), and their asthma was well controlled. Mild local
reactions usually responded well to administration of H1 anti-
histamines for oral or skin symptoms, and/or H2 antihistamines
for stomach symptoms. None of our patients reported ongoing
problems with allergic reactions after the first 3 months of daily
maintenance dosing. Other studies have also noted that reactions
to OIT are more common during up-dosing than during main-
tenance.19,20-22 In our cohort, frequency of ED visits during OIT
was not significantly different than the frequency of ED visits for
unintentional food allergen ingestion in a similar cohort of pa-
tients on the waiting list to start OIT during a similar timeframe.
High positive sIgE levels or large SPT reactions do not preclude a
patient participating in OIT, although patients with higher
baseline allergy test results might have lower reaction thresholds
and take longer to reach maintenance dosing than patients with
lower test results.

There are several limitations to this study. These data were
collected from a clinical practice not a controlled clinical trial. There
was less rigorous standardization compared with a research trial.
There was no blinding or control group. Our results cannot be
directly compared with those of published research trials of OIT.

OFCs were not done for all the foods included in the OIT mixes,
so we do not know the baseline reaction threshold for each food.
Every patient had a positive OFC result or a convincing clinical re-
action history for at least some of the foods, although in some cases
the clinical reaction was up to 12 years before the onset of OIT; it is
possible that some of these food allergies had resolved spontane-
ously. Multiple OFCs are expensive and time consuming, so some
families preferred to include additional foods in the OIT without
OFC confirmation of all food allergens.

There is selection bias in our patient population. Our patients
and families self-selected by their level of motivation and desire
for OIT and were also informally screened by the medical staff to
determine that they were reliable and well organized. This
regimen is demanding: it places significant responsibility on the
caregivers and the allergic patient to maintain the regular daily
dosing, prepare the food allergen doses correctly, and keep the
up-dosing appointments. OIT is not appropriate or necessary for
all patients with food allergy. Some patients are comfortable
living with their food allergies and do not feel the need to un-
dergo OIT. In other families, the caregivers are too busy or not
sufficiently competent to safely and consistently administer the
OIT doses at home.

There is also a question of how consistent the doses are because
families prepare doses themselves. However, use of a compounding
pharmacy to prepare doses adds significant costs, inconvenience,
and complications. We had similar rates of adverse reactions
compared with OIT in studies using standardized food doses pre-
pared by research pharmacies14,19-22; thus, the potential dosing
variability did not appear to be clinically detrimental for our
patients.

The risk of developing EoE is a concern in the implementation of
OIT. Studies have documented development or exacerbation of
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Figure 3. Changes in serum specific IgE (sIgE) levels during oral immunotherapy. Data are shown only for those patients who had data available from baseline through 6 or 12
months of maintenance dosing for the most commonly included foods. Changes in sIgE are not statistically significant except as marked. 1P value is shown for the change in
pistachio sIgE from 6 months to 12 months; the change from baseline to 12 months was not statistically significant.
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previously unrecognized EoE in patients undergoing OIT for pea-
nut23,24 or other foods.25 The typical symptom pattern for these
patients is abdominal pain, nausea, or vomiting unrelated to the
timing of the food allergen dosing, occurring randomly throughout
the day. Typically, the gastrointestinal symptoms resolve when OIT
is stopped. This symptom pattern is different from that reported by
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Figure 4. Changes in skin prick test (SPT) results during oral immunotherapy. Data are shown only for those patients who had data available from baseline through 6 or 12
months of maintenance dosing for the most commonly used foods. Changes are not statistically significant except as marked. 1P value is shown for comparison of baseline and
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22% of our patients, who had onset of abdominal discomfort within
an hour of the dose and in most cases had quick resolution of the
symptoms with administration of ranitidine. Patients should be
warned about the development of symptoms suggestive of EoE, and
if these symptoms develop, the patient should undergo endoscopy
or stop OIT.



Table 6
Correlations Between OIT Outcomes: Baseline sIgE Test and SPT Resultsa

Variable R or pre-OIT sIgE, median
(IQR), kUA/L

P value No. of patients R or pre-OIT SPT result, mean
wheal diameter, mm

P value No. of patients

Peanut (n ¼ 20)
OFC reaction thresholda �0.18 .62 10 �0.873 .005 8
OIT lowest reaction doseb �0.416 .31 8 �0.395 .33 8
Weeks to reach

maintenance
�0.093 .75 14 �0.168 .60 12

Reaction ever, yes 36.3 (2.7-98.1) 1 9 18 (9.7-26.5) 1 8
Reaction ever, no 31.8 (4.6-92.5) 11 16 (12.1-20.0) 10
Medication needed for OIT,

yes
60.5 (11.7-100) 0.237 7 20 (18-26) 0.046 5

Medication needed for OIT,
no

11.3 (2.2-90.1) 15 13 (10-19.5) 13

Cashew (n ¼ 34)
OFC reaction threshold �0.62 0.004 20 �0.147 0.537 20
OIT lowest reaction dose �0.381 0.146 16 0.161 0.55 16
Weeks to reach

maintenance
0.247 0.224 26 0.435 0.034 24

Reaction ever, yes 7.2 (2.2-14.9) 0.347 16 19.5 (12.5-25) 0.11 16
Reaction ever, no 3.0 (1.2-17.9) 18 15 (9-17) 17
Medication needed for OIT,

yes
7.0 (1.3-9.9) 0.77 11 18 (14-23) 0.269 12

Medication needed for OIT,
no

3.8 (1.6-17.8) 23 15 (10-23) 21

Walnut (n ¼ 25)
OFC reaction threshold �0.813 <0.001 16 �0.747 0.001 16
OIT lowest reaction dose �0.694 0.009 13 �0.612 0.026 13
Weeks to reach

maintenance
0.137 0.576 19 0.163 0.517 18

Reaction ever, yes 13.7 (2.0-44.0) 0.65 13 13 (8.0-18.0) 0.034 13
Reaction ever, no 7.53 (1.9-33.8) 12 5.0 (3.5-10) 12
Medication needed for OIT,

yes
15.3 (1.8-42.7) 0.537 10 13 (7.7-17.7) 0.053 10

Medication needed for OIT,
no

11 (1.8-38.3) 17 6.5 (3.2-12.5) 16

Abbreviations: IQR, interquartile range; OIT, oral immunotherapy; sIgE, specific IgE; SPT, skin prick test.
aAnalysis was performed for those foods with the largest number of OIT participants; only one each of the cross-reactive nuts (cashew representing cashew and pistachio;
walnut representing walnut and pecan) is shown.
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Because of the low but real risk for systemic allergic reactions, it
is important that the patients and their caregivers have excellent
support during the process of OIT. The signs and symptoms of
anaphylaxis, treatment plan for anaphylaxis, treatment for milder
adverse reactions with doses of H1 and H2 antihistamines (and
bronchodilator if indicated), and means of contacting the allergy
physician with questions or concerns are provided verbally and in
writing at each OIT visit. In our experience, most patients and their
families are anxious in the early stages of OIT but are greatly
reassured when they can quickly reach the physician to discuss
their concerns. Thus, embarking on an OIT treatment protocol
represents a significant commitment for the physician as well as
the patients and families.

Despite the challenges, providing the option of OIT to patients
with food allergies is very rewarding for the families and medical
practitioners. The constant fear of severe food allergy reaction can
dominate the lives of parents and children with food allergy. The
relief of stress for these families can be tremendous, and families
anecdotally report that OIT has led to a significant improvement in
their life, although we did not prospectively gather quality of life
data on our patients. Studies have found significant improvements
in quality-of-life scores once patients reach the maintenance dose
of OIT,13,26 although some patients have decreased quality of life
during the up-dosing process.13,27 Vasquez-Ortiz et al27 also noted
more improvement in quality-of-life scores before and after egg OIT
reported by the participating children vs their parents.

The sequence of immunologic responses leading to sustained
unresponsiveness to OIT is still being studied.28,29 We do not have
reliable immunological markers to tell us when a patient has ach-
ieved sustained unresponsiveness or to predict food allergy
resolution. For the foreseeable future, patients who achieve long-
term food desensitization by OIT cannot be considered to have
resolution of their food allergies. To maintain their tolerance to the
foods long term, the foods should be kept in their diet regularly.
There are insufficient data to know how often the food should be
ingested, and in what quantity, to maintain desensitization. Andorf
et al,20 reporting on up to 6 years of long-term follow-up of 45
patients undergoing multiple-food OIT, note that a low-dose (300
mg) vs high-dose (2000 mg of each food) regimen and food doses
every other day vs daily were equally effective.

In conclusion, our clinical experience with multiple-food OIT
indicates that it is reasonably safe and effective. Reactions were
mostly mild, and 87% of patients were successful in reaching a
maintenance dose that increases their threshold for food allergy
reactions.
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Supplementary Data
eAppendix 1
Instructions to Parents for Food Preparation

1. Nut, peanut, soy, sunflower seed:
a. Those available in “butter” form: Parents were instructed to obtain the food butter.
b. For nuts not available in butter form, or children with aversion to the nut butter texture, parents were instructed to finely chop or pound the whole nuts to flour

consistency.
i. Either a good food processor or a meat mallet pounding the nuts in a sturdy ziplock bag was effective for achieving flour consistency.

c. Peanut was typically measured separately but given at the same time as other foods. Other nuts/seeds were mixed in equal parts and given together for oral
immunotherapy (OIT) doses.

i. Parents brought the foods separately to the first visit and were shown how to measure and mix the foods.
ii. For patients too sensitive to tolerate the lowest measurable dose of peanut butter, OIT was started with peanut powder diluted in water to give 1 mg/mL of peanut

protein: PB2 powder was used,
1
64

tsp to 13 mL of water.

1. Parents were instructed to store the mixture in the refrigerator, to make a fresh batch every 3 days, and to shake the mixture before each dose was drawn up.
2. Parents were provided with marked syringes for measuring the water and the OIT doses, as well as a screw-top container for the mixture.

3. When the patient was tolerating 8 mL of the 1 mg/mL of peanut protein mixture, the next up-dose was to
1

128
tsp of peanut butter (9 mg of peanut protein).

d. Because in most cases, all the patient’s food allergens are included in their OIT, nuts labeled as “processed with” peanut or other tree nuts were not a concern.
2. Sesame seed: was given as tahini (sesame paste). This could be mixed in with other food allergens or given mixed into pudding, applesauce, or yogurt.
3. Flaxseed: purchased as ground flaxseed.
4. Egg: Either scrambled egg or, for children who had aversion to egg, pasteurized egg white mixed 1:4 into yogurt or made into an icing (1 part egg white in 4 parts icing).
5. Fish: a mix of tilapia, cod, and salmon (cooked, mixed in a blender in equal parts). The mixture was stored frozen in ½ tsp aliquots for use in daily OIT.



eAppendix 2
Protein Contents (mg) of Foods Used in Oral Immunotherapya

Food 1
128

tsp
1
64

tsp
1
32

tsp
1
16

tsp
1/8 tsp ¼ tsp ½ tsp 1 tsp 2 tsp 1 Nut

Peanut
Chopped 7 13 26 52 104 207 415 830 1660 240 (dry roasted)
Butterb 9 18 36 73 146 292 583 1166 2332
Powderc 7 13 26 52 104 208 417 833 1667

Almond
Chopped 3 7 14 27 55 105 210 420 840 300
Butterb 9 18 36 73 146 292 583 1166 2332

Brazil nut
Chopped 4 8 16 32 65 130 260 520 1040 720

Cashew
Chopped 4 8 16 31 62 125 250 500 1000 265
Butter 5 10 21 42 83 167 333 667 1334

Hazelnut
Chopped 3 6 11 22 45 90 179 358 716 210
Spreadd 3 5 10 21 42 83 166 333 666

Pecan
Chopped 2 3 6 13 26 52 104 208 416 137 (half)

Pistachio
Chopped 4 8 17 34 67 135 270 539 1078 150
Butter 15 31 62 125 250 500 1000 2000 4000

Walnut
Chopped 3 6 12 23 46 93 186 371 742 309 (half)

Macadamia
Chopped 2 4 7 14 27 54 107 214 424 200

Sesame
Pastee 7 15 30 60 120 241 482 963 1927
Seeds 6 12 25 50 100 200 400 800 1600

Sunflower seed
Butterf 7 13 26 52 104 207 415 830 1660

Pine nut
Chopped 3 6 12 24 48 96 192 385 770 23

Flax seed
Ground 3 7 13 27 53 107 213 427 854

Poppy seed 4 8 16 31 62 125 250 500 1000
Pumpkin seed 6 11 23 46 92 183 367 733 1466
Coconut
Flaked 0.5 1 2 3 7 14 28 55 110

Egg
Scrambled 3 7 14 29 57 115 230 460 920 6000(one egg)
Whites pasteurized 1 2 4 7 15 30 60 119 238

Soy
Milkg 1 2 5 9 18 36 73 146 292 7000 (1 cup)
Butterh 9 18 36 73 146 292 583 1166 2332

Fish
Cod 8 17 34 67 135 269 539 1078 2156
Salmon 10 19 39 78 156 312 625 1250 2500
Tilapia 10 19 39 78 156 312 625 1250 2500

aUS Department of Agriculture National Nutrient Database for Standard Reference Legacy Release data were used except for specific brands as noted.
bCreamy Jif brand for peanut and almond butters.
cPB2 peanut powder.
dNutella.
eTahini.
fSunbutter Natural Sunflower Seed Spread.
gSilk Organic Unsweetened Soy Milk.
hWowButter Creamy Soy Butter.
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eAppendix 3
Scoring System for Food Allergy Reactionsa

Skin: hives, pruritis, erythematous rash, angioedema:
1. Mild: <3 hives OR few areas of faint erythema OR occasional scratching or mild lip swelling.
2. Moderate: 3-9 hives OR areas of erythema, macular and raised rash OR scratching continuously for >2 minutes at a time OR angioedema of eyes and lips.
3. Severe: generalized hives OR generalized marked erythema (>50%); extensive raised lesions (>25%) or piloerection; OR hard continuous scratching; excoriations, marked

angioedema.
Oral allergy symptoms:
1. Mild: transient itching of mouth or throat, resolves with drinking water.
2. Moderate: persistent mouth or throat itching, not resolved with drink.
3. Severe: swelling of mouth and/or throat; difficulty swallowing or breathing, stridor, hoarse voice.

Ear, nose, and throat: sneezing or nasal itching; nasal congestion; rhinorrhea.
1. Mild: rare bursts of sneezing; mild nasal congestion (some hindrance to breathing); occasional sniffling.
2. Moderate: <10 sneezes; intermittent rubbing of nose or eyes; nose blocked; mouth breathing; frequent sniffling; requires tissues.
3. Severe: Long bursts of sneezing; continuous rubbing of nose or eyes; periocular swelling; nostrils occluded; nose runs despite sniffling and tissues.

Chest: wheezing, cough, other:
1. Mild: expiratory wheezing to auscultation; occasional cough.
2. Moderate: dyspnea; inspiratory and expiratory wheezing; frequent cough.
3. Severe: dyspnea; used of accessory muscles: audible wheezing; continuous cough.

Abdomen: nausea, abdominal pain, vomiting, diarrhea:
1. Mild: complaints of nausea or abdominal pain; no change in activity; one episode of emesis or diarrhea.
2. Moderate: frequent complaints of nausea or abdominal pain; decreased activity; 2-3 episodes of emesis or diarrhea, or 1 of each.
3. Severe: crying or noticeably distressed; 3 episodes of emesis or diarrhea or 2 of each.

Cardiovascular:
1. Mild: lightheadedness or pallor.
2. Moderate: flushing, tachycardia.
3. Severe: generalized flushing, tachycardia, hypotension, loss of consciousness.

aAdapted from Sampson et al.31
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