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What is already known about this topic? Food is one of the most common elicitors of anaphylaxis. The five major food
allergens triggering food-induced anaphylaxis (FIA) in children are peanut, cow’s milk, cashew, hen’s egg, and hazelnut.

What does this article add to our knowledge? Shellfish and wheat were identified as major triggers of FIA in adults.
External factors can alter the outcome of a reaction. Exercise was statistically proven in peanut and alcohol intake in wheat
anaphylaxis.

How does this study impact current management guidelines? A broader range of possible food triggers should be
considered in adults. The severity of FIA can be enhanced by exercise and alcohol intake.

VISUAL SUMMARY

-
| ¥ N=318
N __ %

Age / Sex

32

Age / Sex

32

Age / Sex

O N=221

6\9 ) @9 N=226 )

- no symptom or
comorbidity association

- 80
Association
40
mll-
0 —

Association

80
- atopic dermatitis 40 . l
1y 0

Association

80
40
3y 0 .l

- Gl-symptoms

Recurrent anaphylaxis Risk factor for severity

Recurrent anaphylaxis Risk factor for severity

Recurrent anaphylaxis
(protective)

1y
. nomwv . omw i oo
Recurrent anaphylaxis Severity Recurrent anaphylaxis Severity Recurrent anaphylaxis Severity
yes
) 15% ) )
zgo/ Mainly due to No risk factor for severity no. No risk factor for severity no : No risk factor for severity
fo accidental exposure in this dataset 68% in this dataset 85% in this dataset
Age | Sex % Age / Sex % Age / Sex ’ %
80 % N=202 go TR N=207 g0
(3\ 9 40 g 9 40 6\ 9 40 .
Association . 34y Association . 36y Association 0 .
- no symptom or 0 bom W - skin and cardiovascular 0 - no symptom or I m v
6y comorbidity association Severity symptoms E Se\llln‘aritylv comorbidity association Severity

Risk factor for severity s

no . [ S yes
no R Mainly due to o} T 30% IR Mainly due to e : no  ELEA Mainly due to e} i
51% LY acci exposure 799 intended exposure 60% intended exposure :
0.1 1.0 10.0 y 0.1 1.0 10.0 0.1 1.0 10.0
0dds ratio 0dds ratio 0dds ratio

“Division of Allergy and Immunology, Department of Dermatology, Venerology and
Allergy, Charité—Universitdtsmedizin Berlin, corporate member of Freie Uni-
versitdt Berlin and Humboldt-Universitit zu Berlin, Germany

“Institute of Medical Informatics, Charité—Universititsmedizin Berlin, corporate
member of Freie Universitit Berlin and Humboldt-Universitidt zu Berlin, Berlin,

Germany

“Division of Information and Research Data Management, Robert Koch Institute,

Berlin, Germany

niti, Ancona, Italy

dDepartment of Clinical and Molecular Sciences, Universita, Politecnica delle
Marche, Ancona, Italy
“Department of Internal Medicine/Allergy Unit, University Hospital Ospedali Riu-

Department of Pediatrics, Pulmonology-Allergology-Dermatology Clinic, Jagiello-
nian University Medical College, Krakow, Poland

2069


http://crossmark.crossref.org/dialog/?doi=10.1016/j.jaip.2023.03.026&domain=pdf

2070 DOLLE-BIERKE ET AL

Abbreviations used
AD- Atopic dermatitis
FIA- Food-induced anaphylaxis

BACKGROUND: Food is one of the most common elicitors of
anaphylaxis, with an increasing incidence over recent years.
OBJECTIVES: To characterize elicitor-specific phenotypes and
identify factors enhancing the risk or severity of food-induced
anaphylaxis (FIA).

METHODS: We analyzed data from the European Anaphylaxis
Registry applying an age- and sex-matched analysis of associa-
tions (Cramer’s V) for single food triggers and calculated odds
ratios (ORs) for severe FIA.

RESULTS: We identified 3,427 cases of confirmed FIA showing
an age-dependent elicitor ranking (for children: peanut, cow’s
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milk, cashew, and hen’s egg; and for adults: wheat flour, shell-
fish, hazelnut, and soy). The age- and sex-matched analysis
revealed defined symptom patterns for wheat and cashew.
Wheat-induced anaphylaxis was more frequently associated with
cardiovascular symptoms (75.7%; Cramer’s V = 0.28) and
cashew-induced anaphylaxis with gastrointestinal symptoms
(73.9%; Cramer’s V = 0.20). Furthermore, concomitant atopic
dermatitis was slightly associated with anaphylaxis to hen’s egg
(Cramer’s V = 0.19) and exercise was strongly associated with
anaphylaxis to wheat (Cramer’s V = 0.56). Additional factors
influencing the severity were alcohol intake in wheat anaphylaxis
(OR = 3.23; CI, 1.31-8.83) and exercise in peanut anaphylaxis
(OR = 1.78; CI, 1.09-2.95).

CONCLUSIONS: Our data show that FIA is age-dependent. In

adults, the range of elicitors inducing FIA is broader. For some
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elicitors, the severity of FIA seems to be related to the elicitor.
These data require confirmation in future studies considering a
clear differentiation between augmentation and risk factors in
FIA. © 2023 The Authors. Published by Elsevier Inc. on behalf
of the American Academy of Allergy, Asthma & Immunology.
This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/). (J Allergy Clin Immunol
Pract 2023;11:2069-79)

Key words: Food anaphylaxis; Peanut; Cashew; Hazelnut;
Phenotype; Risk factors; Shellfish; Wheat

INTRODUCTION

Besides insect venom and drugs, food is one of the most com-
mon elicitors of anaphylaxis." The estimated lifetime prevalence of
food-induced anaphylaxis (FIA) is 0.3%.” Its incidence has
increased with the higher prevalence of food allergy in recent
years.”” Recent data from the United Kingdom showed an increase
in the incidence of FIA based on the increased hospitalization rate
in children aged 0 to 14 years.” These findings are in accordance
with data from the United States and Australia and underpin the
important role of food allergy in pediatric anaphylaxis.”

Peanut is the key trigger of FIA in children in the United
States, but also many countries in Europe.s’() However, besides
peanut, other food allergens such as tree nuts, hen’s egg, cow’s
milk, and shellfish are common causes of severe but also fatal
anaphylaxis.” From a clinical perspective, severe and fatal out-
comes of FIA remain unpredictable and FIA irrespective of its
severity affects health-related quality of life."” Moreover, FIA
may present with heterogeneous clinical outcomes related to the
allergenic sources and their physicochemical properties.

Food allergens as such are of animal or plant origin. The latter
includes a wide variety of proteins (seed storage proteins, lipid
transfer proteins, and pathogenesis-related proteins) or may even
be carbohydrates such as galactose-1,3-alpha-galactose.''

Previous data from the European Anaphylaxis Registry sug-
gested that FIA is determined by the age and type of the eliciting
food.®'? In the current study, we investigated elicitor-specific
phenotypes and identified factors enhancing the risk for or
severity of FIA based on a large dataset from the European
Anaphylaxis Registry.

METHODS
Data

The European Anaphylaxis Registry is a database that collects data
on real-life anaphylaxis from moderate to severe anaphylactic reactions
by means of a standardized online questionnaire.'> More than
100 specialized tertiary allergy centers report anaphylaxis cases from
10 European countries (Germany, Switzerland, France, Italy, Austria,
Poland, Spain, Ireland, Greece, and Bulgaria) and Brazil (see Table E1
in this article’s Online Repository at www.jaci-inpractice.org). The
study centers enter severe anaphylaxis cases after obtaining written
informed consent from patients. Deidentified data from patients who
had experienced anaphylaxis within the past 12 months before
presenting to the participating allergy centers were captured by
trained health care professionals on-site through the Web interface.
Data were submitted after completion of the diagnostic workup. The
diagnostic certainty of the triggering food allergen sources was docu-
mented at the level of confirmed or highly suspected, based on the
local allergy specialist’s individual judgment.
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The questionnaire includes data regarding the patient’s details,
including age at the time of the anaphylactic reaction, elicitor,
symptoms, factors accompanying the reaction, diagnostic workup
(semiquantitative: done with a positive result, done with a negative
result, or not done), treatment, and prevention measures. "

The study was approved by the ethics committee at Char-
ité—Universititsmedizin Berlin, Germany (EA1/079/06). It was
accredited by the local ethics committees in the participating centers
and is registered on ClinicalTrials.gov (Identifier: NCT05210543).

Sample extraction

The registry was launched in 2007 in German-speaking countries
and expanded to other countries in 2011. Figure 1, A shows the
registered cases over time. In total, 14,474 cases were registered with
approximately 1,300 cases/y since 2011.

For this analysis, 13,323 reported anaphylactic cases included
between January 2007 and October 2020 met the modified criteria
of the National Institute of Allergy and Infectious Diseases/Food
Allergy and Anaphylaxis Network. "’ Finally, 4,468 FIA cases
(Figure 1, B) were identified (34%).

Food-induced anaphylaxis was reported in children (n = 2,540;
57%; mean age, 6 £ 5 years) and adults (n = 1,928; 43%; mean
age, 41 % 15 years) (Figure 1, C).

Statistical analysis

For statistical analysis, we used IBM SPSS Statistics (version 27,
Chicago, Ill) and R (version 4.1.2, R Core Team, Vienna, Austria).
Descriptive statistics were used to describe demographic data and the
frequencies of atopic history, symptoms, severity of reaction,
recurrence, timing of reactions, and amount of food ingested be-
tween elicitor groups. For each food of interest, the reference food
group included cases induced by food, except the food of interest.
For the analysis of associations among variables, we used data
matched to sex and age. Propensity score matching was carried out
using the Matchlt package for R.'® Then, Cramer’s V was analyzed
using the r-companion package.17 The level of association was
defined as weak (0.10 to 0.29), moderate (0.30 to 0.49), or strong
association (0.50 or greater). The direction of the association was
analyzed based on a comparison of the frequency distribution of the
variables in both groups (food of interest vs reference food group).
Nonbinary variables were transformed to binary categories
(eg, severity according to Ring and Messmer).'® They were classified
as grades II, III, and IV and combined into two groups: grades II
and II+IV.

We calculated odds ratios (ORs) for severe anaphylaxis because
augmentation and/or a risk factor was present and evaluated the
differences in ORs among all elicitors.

RESULTS
Age-dependent elicitor profile of FIA

Among 4,468 reported FIA cases, 77% (n = 3,427) were
confirmed by case history and diagnostic workup performed in
the local allergy center (Figure 1, B; see Table E2 in this article’s
Online  Repository at  www.jaci-inpractice.org). Among
confirmed FIA cases, the most common elicitors are shown in
Figure 2 for children and adults. In children, the most frequent
elicitors were peanut, cow’s milk, cashew, and hen’s egg; in
adults, the most frequent elicitors were wheat flour, shellfish,
hazelnut, and soy. Age distribution among the single food trig-
gers are shown in Figure E1 (in this article’s Online Repository at
www.jaci-inpractice.org).
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Shrimp was the main food trigger in the shellfish subgroup. It
was the elicitor in 152 of 207 cases (74%). Almond (45 of 196
cases), pistachio (42 of 196 cases), pine nut (37 of 196 cases),
and Brazil nut (31 of 196 cases) were the main food allergen
sources in the subgroup of other tree nuts. The group of seeds
consisted of sesame as the leading food allergenic source (67 of
110 cases; 61%) followed by sunflower (20 of 110 cases; 18%)
and pumpkin seeds (13 of 141 cases; 12%). Codfish was the
most common trigger among fish-induced anaphylaxis (45 of 84
cases; 54%), followed by salmon (14 of 84 cases; 17%). In the
subgroup of meat and poultry, red meat such as beef and pork
accounted for 59% (47 of 79 cases).

Symptoms of FIA

Next, we analyzed whether defined food allergen sources may
be associated with a pattern of organ system involvement and/or
anaphylaxis severity (see Table E3 in this article’s Online Re-
pository at www.jaci-inpractice.org). No associations with a
specific food, or only weak ones symptoms, were detected using
an age- and sex-matched Cramer’s V analysis (see Table E4 in
this article’s Online Repository at www.jaci-inpractice.org). We
identified that cashew-induced anaphylaxis was more frequently
associated with gastrointestinal symptoms (73.9%; weak associ-
ation with Cramer’s V = 0.20). Furthermore, patients with
wheat-induced anaphylaxis presented more frequently with car-
diovascular symptoms (75.7%; weak association with Cramer’s
V = 0.28) and less frequently with respiratory symptoms
(54.5%; weak association with Cramer’s V = 0.22) compared
with the frequency of symptoms in an age- and sex-matched
reference food group. We also detected that meat or poultry
and hen’s egg induced respiratory symptoms less frequently than
did other foods (55.7% and 69.2%; weak association with
Cramer’s V. = 0.29 and 0.13). The lowest percentage of
gastrointestinal symptoms was observed for celery (31.2%; weak
association with Cramer’s V = 0.17).

Fifty percent of the total FIA cohort experienced grade III
reactions and only 0.5% (n = 17) had grade IV reactions. Most
of the grade IV reactions were registered for cow’s milk (six of
318; 1.9%) and hazelnut (three of 237; 1.3%). Cashew-induced
anaphylaxis was associated with the highest proportion of Ring
and Messmer grade III cases, at 64.6% (weak association with
Cramer’s V = 0.12). By contrast, wheat and walnut displayed a
weak association (Cramer’s V = 0.12 and 0.11) with more severe
reactions; however, no grade IV reaction had been registered for
both food triggers. Weak associations with the severity of a re-
action were determined for soy (Cramer’s V = 0.11) and celery
(Cramer’s V = 0.17). These elicitors predominantly induced
milder reactions (soy: grade II, 65.7%; grade III-IV, 34.3%;
celery: grade II, 69.0%, grade III-IV, 31.0%).

Considering single symptoms (see Table E5 in this article’s
Online Repository at www.jaci-inpractice.org), moderate associa-
tions were found between cow’s milk, cashew, other tree nuts, and
vomiting, Patients with wheat and meat or poultry anaphylaxis
more frequently experienced urticaria and less often angioedema
(Table E5). In addition, wheat anaphylaxis was slightly associated
with loss of consciousness (Cramer’s V = 0.25).

Atopic comorbidities in patients with FIA

Because it was previously described'” that certain food al-
lergies occur more frequently in patients with atopic comorbid-
ities, we analyzed such possible associations in more detail. In
general, atopic comorbidities were present in different fre-
quencies among the specific elicitors (Table E5).

No associations, or weak ones, were detected for asthma as a
comorbidity when the food allergen of interest was compared
with the food reference group (T'able E4). The highest (although
weak) association was detected in patients with meat- or poultry-
induced anaphylaxis, who experienced it less often from asthma
(Cramer’s V = 0.23). We observed the presence of concomitant
atopic dermatitis (AD) more frequently in patients with hen’s egg
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FIGURE 2. Most common elicitors of confirmed food-induced anaphylaxis by age (2,764 of 3,427 cases with confirmed food trigger).

anaphylaxis (weak association with Cramer’s V 0.19), whereas
patients with shellfish anaphylaxis presented less frequently with
AD (weak association with Cramer’s V = 0.17) (Table E4).

Patients with soy- or celery-induced anaphylaxis demonstrated
associations with concomitant allergic rhinitis (moderate and
weak association with Cramer’s V = 0.30 and 0.24).

Risk and augmentation factors

Certain factors are known to affect the severity of an
anaphylactic reaction. We identified asthma in wheat-induced
anaphylaxis as a significant risk factor of severe anaphylaxis
(OR = 2.68; CI, 1.01-8.01) (Figure 3). In contrast, concomitant
allergic rhinitis was associated with less severe reactions in
shellfish-induced (OR = 0.43; CI, 0.22-0.81) and soy-induced
anaphylaxis (OR = 0.31; CI, 0.08-1.09) (data not shown).
Alcohol intake, when taken together and/or within 1 hour before
or after the food allergen exposure, in wheat anaphylaxis (OR =
3.23; CI, 1.31-8.83) and exercise in peanut anaphylaxis (OR =
1.78; CI, 1.09-2.95) were significant risk factors for severe re-
actions. Concomitant asthma had an opposite impact in fish-
induced anaphylaxis (OR = 0.32; CI, 0.09-1.03) and exercise
in meat- or poultry-induced anaphylaxis (OR = 0.18; CI, 0.02-
0.93) (data not shown). Although the concomitant infection
during anaphylaxis tended to increase the risk for more severe
reactions (OR = 2.91; CI, 0.7-16.1), this observation was not
statistically significant (P = .118) because of the low number of
patients with concomitant infections (n = 16). We also analyzed
data on menses and certain drugs as augmentation factors, but
these did not reveal significant findings.

Frequency of recurrent reactions depends on food
trigger

On average, 41% of reactions were recurrent reactions to the
same food allergen source, but the frequency rate differed largely
among food triggers (Table I). Our findings indicate a high rate

3
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FIGURE 3. Risk and augmentation factors identified in wheat- and
peanut-induced anaphylaxis.

of recurrent reactions for wheat, meat or poultry, and fish
anaphylaxis. In contrast, soy- and cashew-induced anaphylaxis
had the lowest rates of recurrent anaphylaxis.

Approximately 60% of patients with a recurrent reaction were
aware of the food allergy at the time of the reported reaction. The
remaining 40% were unaware of the allergy, especially patients
with meat or poultry, wheat, and celery anaphylaxis. In contrast,
the recurrent anaphylaxis reactions in patients with cow’s milk,
peanut, hen’s egg, walnut, and hazelnut anaphylaxis were mainly
triggered by accidental exposure (see Table E6 in this article’s
Online Repository at www.jaci-inpractice.org).

Amount of food eliciting the reaction

The eliciting dose is a relevant parameter in food allergy and
an important measure for regulatory issues (eg, food allergen
labeling). We considered the eliciting dose in our questionnaire.
However, for practical reasons, we estimated the amount of food
ingested using kitchen measurements (eg, teaspoon, tablespoon).
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TABLE I. Recurrence of anaphylaxis: most common food elicitors sorted by frequency of recurrent reaction to same food allergen source

Recurrent reaction to the same food

Recurrency Elicitor n % Total n* Cramer’'s V Cl
High rate Wheat flour 136 70.1 194 0.36 0.26-0.45
Meat and poultry 52 69.3 75 0.42 0.27-0.57
Fish 53 65.4 81 0.35 0.21-0.48
Median rate Cow’s milk 158 51.3 308 0.32 0.24-0.39
Peanut 267 49.4 540 0.06 0.01-0.12
Hazelnut 98 43.8 224 0.07 0.01-0.16
Shellfish 81 39.9 203 0.03 0.00-0.14
Celery 25 37.9 66 0.01 0.00-0.20
Seeds 35 343 102 0.01 0.00-0.16
Hen’s egg 70 324 216 0.04 0.00-0.14
Other tree nuts 56 30.3 185 0.04 0.00-0.15
Walnut 34 28.8 118 0.03 0.00-0.17
Low rate Soy 17 17.5 97 0.23 0.09-0.37
Cashew 32 14.7 218 0.19 0.10-0.28

The level of association is weak (>0.1 to 0.29), moderate (0.3-0.49), or strong (>0.5).

*Only cases with valid data on recurrence were included (total n = 3,241).

Figure 4 shows the amount of food ingested that caused the
anaphylactic reaction among the most common food elicitors. In
detail, cashew (74.0%), peanut (67.6%), and walnut (65.7%)
elicited reactions to 1 teaspoon or less (see Table E7 in this ar-
ticle’s Online Repository at www.jaci-inpractice.org). For pea-
nut, 1 teaspoon corresponds to four to five peanuts, which is
approximately equivalent to 1 g peanut protein. The amount
ranged in most cases from 1 teaspoon to 1 tablespoon (62.0%)
for hen’s egg, and from 1 tablespoon to half a cup for cow’s milk.
In contrast, other food allergen sources such as wheat, shellfish,
meat or poultry, soy, and celery elicited reactions after the con-
sumption of a full meal or a regular portion size of the corre-
sponding food (one plate) in most cases.

Location of a reaction and type of food product

Most cases of FIA occurred in the country of residence (95%)
and predominantly at home (49%), regardless from the food
elicitor (see Table E8 in this article’s Online Repository at www.
jaci-inpractice.org). Outside home (eg, restaurant, cafeteria,
takeaway, hotel, friend’s home) (17%) and in school or kinder-
garten (6%) were less frequent locations of reactions.

Overall, prepackaged products were consumed in 45% of
food-induced anaphylactic reactions and loose (non-pre-
packaged) food in 56% (Table II). For hazelnut, cashew, peanut,
cow’s milk, and soy, the most frequently consumed food sources
were prepackaged. Loose products were mainly taken up when
the registered reaction was a recurrent event to a previously
known food allergen source (67.1% loose vs 34.2% prepackaged
products; data not shown).

Loose products were bought primarily in a supermarket (23%)
or catered (catering, 11%; and buffet, 12%). For prepackaged
products, the food elicitor was listed as an ingredient in most
severe allergic reactions (75%; 283 of 376 cases with available

data).

Other elicitors of interest
Besides the main elicitors of FIA, 663 cases were triggered by
other food allergen sources (Figure 5). The most important food

group was fruit, which comprised 244 cases (see Table E9 in this
article’s Online Repository at www.jaci-inpractice.org).

DISCUSSION

We report on 3,427 cases of FIA registered by specialized
allergy centers in Europe and Brazil. The most common reported
food elicitors were peanut, cow’s milk, hazelnut, cashew, and
hen’s egg in children, and shellfish and wheat in adults. Recently,
a systematic review assessed the most common triggers for food
anaphylaxis.” Despite significant regional differences, the authors
found that peanut and tree nuts, as well as cow’s milk and
shellfish, are the most common food triggers that cause anaphy-
laxis, based on emergency department admission data, which is
consistent with our data reported from allergy centers. Further-
more, cow’s milk and shellfish appear to induce a high percentage
of anaphylaxis when the reported prevalence of food allergy in
Europe is considered.” In contrast to our data, wheat was a less
common cause of anaphylaxis in Europe, perhaps because of the
challenging and delayed diagnosis of wheat anaphylaxis."”

In children, 65% of FIA was triggered by five food allergen
sources (peanut, cow’s milk, hen’s egg, cashew, and hazelnut).
On the contrary, the spectrum of frequent food elicitors was
broader in adults. In total, we identified up to 11 food triggers
covering 65% of FIA in adults (wheat, shellfish, hazelnut, soy,
peanut, other tree nuts, celery, seeds, meat and poultry, walnut,
and fish).

Because of the large number of cases in this analysis, but also
of participating centers and regions, we were able to identify even
rare causes of FIA in this cohort, such as fenugreek (n = 4),
broccoli (n = 1), the coloring agent E120 cochineal (n = 2), and
prepackaged plant pollen (n = 5).

Numerous studies revealed that the prevalence of atopic dis-
cases shows sex-related differences. Food allergy, but also AD and
allergic asthma, are known to affect male infants and younger
children more frequently, which reverses after puberty.””"** Sex
hormones and their impact on sensitization and elicitation have
been suggested as possible causes for these observations, although
the exact mechanisms are still not known. Food-induced
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anaphylaxis registered to the European Anaphylaxis Registry
covered all age groups, with an overall balanced sex distribution
(Figure 1, C). When children and adults are considered sepa-
rately, males predominate among children and females among
adults, unless the triggering food is wheat or meat/poultry. Here,
male patients are more often affected, although the average age is
greater than 18 years.

Although the European Anaphylaxis Registry is targeted to
collect information on severe allergic reactions, only 0.5% had
grade IV reactions according to Ring and Messmer and
approximately 6% of cases were treated in an intensive care unit.

Most grade IV reactions were registered for cow’s milk (six of 17
grade IV reactions). Cow’s milk allergy is frequently outgrown in
early childhood,?® but recent data indicate that cow’s milk is a
major cause of severe and also fatal anaphylaxis.®”

In addition to our group, others have reported that anaphy-
laxis differs in children and adults regarding the symptom profile.
Upper and lower respiratory symptoms predominate in the pe-
diatric age group, whereas cardiovascular involvement is more
often reported in adults.'“** When performing an age- and sex-
matched analysis, we exclude two important host-dependent
factors. By doing this, we try to determine whether elicitor-
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TABLE Il. Food product packaging among food elicitors

Not prepackaged Prepackaged

Elicitor n % n %

Peanut 153 36.7 267 64.0
Cows milk 82 34.6 156 65.8
Hazelnut 72 43.6 95 57.6
Cashew 61 39.6 93 60.4
Hen’s egg 131 79.4 35 21.2
Shellfish 83 90.2 10 10.9
Wheat flour 71 64.5 41 37.3
Other tree nuts 60 60.0 40 40.0
Walnut 61 77.2 19 24.1
Seed 44 57.1 33 429
Soy 21 33.9 41 66.1
Fish 42 89.4 5 10.6
Meat and poultry 25 89.3 3 10.7
Celery 25 75.8 9 27.3

Only cases with valid data on recurrence were included (total n = 3,241).

specific risk factors exist. Using this approach, we found a weak
association of wheat-induced anaphylaxis with cardiovascular but
not respiratory symptoms, as previously reported.’” In addition,
cashew-induced anaphylaxis was associated with gastrointestinal
symptoms, especially vomiting. Besides, no other major associ-
ations between the food allergen and symptoms were identified.
These findings may point to the observation from Slapnicar
et al”” reporting that patients experience an individual stereotypic
anaphylactic symptom pattern irrespective of the cause of
anaphylaxis.

Baseggio Conrado et al” reported that soy was not a major
cause of FIA in any country according to prevalence data for soy
allergy. However, our data showed that soy, but also celery, are
common elicitors of FIA. Although soy and celery were associ-
ated with less severe anaphylactic reactions, one-third of patients
experienced grade III reactions and one grade IV reaction was
also elicited by soy. Most cases of soy- and celery-induced
anaphylaxis registered in Germany, France, and
Switzerland (soy: 89% and celery: 93%; data not shown). Almost
all subjects had allergic rhinitis as an atopic co-disease (soy: 99%,
Cramer’s V = 0.30; and celery: 97%, Cramer’s V = 0.24).
Therefore, we suspect that for both food allergen sources, the
birch pollen-related pathogenesis-related-10 protein may be the
responsible elicitor of these anaphylactic reactions. We cannot
underpin this speculation with data from component-resolved
diagnosis because this is not assessed in detail in the European
Anaphylaxis Registry. However, a previous study using
component-resolved diagnosis in anaphylactic patients registered
in Berlin (Charité—Universititsmedizin Berlin, Dermatology)
revealed a high sensitization rate toward pathogenesis-related-10
protein in this local cohort.’® Furthermore, other reports,
including a retrospective multicenter study,'”*”** support the
view that patients with pollen-associated food allergy should not
generally be considered at no or low risk for severe outcomes.

In this analysis, concomitant asthma was frequently reported
in patients whose reactions were elicited by peanut (43.1%
compared with 35.6% in the food reference group) (Table E3).
This observation is consistent with our previously published data
comparing peanut-induced anaphylaxis with other FIA cases in
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children.® Tt is known from the literature that asthma is common
in FIA patients in general.M’z() However, our data show that
asthma is not specifically associated with peanut-induced
anaphylaxis when host-dependent factors such as age and
sex are excluded. In addition, an asthma diagnosis per se does
not predict a more severe reaction in peanut-induced anaphy-
laxis.’*®! However, concomitant asthma has been discussed as a
potential risk factor for severe anaphylaxis by different authors.”
By contrast, other studies suggest that anaphylaxis with an
airway impairment is related to poor control of asthma treat-
ment, rather than identifying asthma itself as a strong inde-
pendent risk factor.'’ Previous data from the European
Anaphylaxis Registry showed an opposite association between
the diagnosis of asthma and the severity of anaphylaxis.” To
understand the association between asthma and anaphylaxis
better, improved data quality is required considering not only
the diagnosis, but also the current treatment and asthma control.

The finding that AD (as a comorbidity) was associated with
anaphylaxis to hen’s egg was weak in our analysis but is in line
with a recent report from Grimshaw et al.”®> However, we did not
find evidence that the presence of AD influences the severity of a
reaction.

The important role of exercise in eliciting and/or promoting
the outcome of food-dependent anaphylaxis is well-known and
was reported by several groups.”"’*” In addition to our previ-
ous data,'? in the current analysis we determined a high associ-
ation (Cramer’s V = 0.56) between exercise and wheat. In a
previous study, we identified the intensity of exercise as an
augmenting factor for more severe reactions in a food anaphylaxis
restricted model.”* However, we could not prove that exercise
was an augmenting factor for experiencing a more severe reaction
in wheat- and walnut-allergic patients. Rather, we observed that
exercise, when present, triggered more severe reactions in peanut
anaphylaxis. This finding is partially supported by data from Dua
et al.”’ Those authors demonstrated in an oral food challenge
study that exercise was associated with an overall increase in
severity, although this was not significant. In particular, an
increased severity of respiratory symptoms was observed
compared with the no-intervention challenge.

However, it has not yet been completely determined how
physical activity promotes an anaphylactic reaction. Suspected
mechanisms include increased gastrointestinal permeability,”’
enhancement to mast cell activation by increasing plasma os-
molarity, activating adenosine and eicosanoid,”' alterations in
tissue transglutaminase enzyme, and redistribution of blood flow
away from the visceral organs to skeletal muscle.””

A novel finding of this analysis is that alcohol intake in
proximity to allergen exposure increased the risk for a severe
reaction in wheat anaphylaxis. The role of alcohol as an aug-
menting factor is ambiguous in the literature,”>** but it might
have a role as an add-on factor in some patients.””*® Because
89% of wheat-induced anaphylaxis occurred in combination
with exercise,'” this finding supports the view that multiple
factors may be necessary for the onset and outcome of a
reaction.™

Repetitive anaphylactic reactions may occur despite allergen
avoidance. Food-induced anaphylaxis has the highest recurrence
rates compared with anaphylaxis induced by insect venom and
drugs." Moreover, the frequency of recurrence differed among
various foods. An anaphylactic reaction as a recurrent event was
observed in greater than 65% of patients for wheat, meat or
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FIGURE 5. Other elicitors of interest. Single food allergen sources are listed in Table E9. The group of other food was composed of food
items that did not fit one of the main food categories (fruit, vegetables, tree nuts, seeds, legumes, cereals, animal products, or additives).
These included food items such as honey (n = 12) and prepackaged plant pollen as dietary supplements (n = 5).

poultry, and fish. For wheat and meat or poultry, the allergy to
the specific food was known in only 29.4% or 26.9%. This
suggests that such patients probably had previous reactions to
similar food allergen sources without knowing the elicitor. Cow’s
milk- and peanut-induced anaphylaxis had a frequency of
recurrence of about 50%, which is in line with previous
studies.'”"” However, those patients are aware of the allergy to a
higher extent (75.3% or 73.0%). Overall, the risk for experi-
encing anaphylaxis owing to accidental exposure is high in food
allergy.*®

STRENGTHS AND LIMITATIONS

Strengths of the registry include the standardized manner of
data acquisition by experienced health care professionals (quality)
and the huge number of incidents covered. Within this large
cohort, 3,427 real-world FIA cases were analyzed. The registry
includes data obtained from specialized allergy centers in several
countries, mainly in Europe. However, this does not provide
representativeness for a specific country and/or population
group. In addition, data on sensitization profiles are missing. The
major strength of data analysis is that it is based on a large
number of real-life anaphylaxis cases. Although the total number
of FIA cases was high, the number of single elicitor groups was
limited. In most cases, the association levels are weak and their
relevance should not be overestimated.

CONCLUSIONS

Our data confirm peanut, cow’s milk, hazelnut, cashew, hen’s
egg, shellfish, and wheat as the most frequent triggers of FIA in
Europe and identifies wheat and shellfish as common elicitors of
anaphylaxis in adulthood. The range of food-induced triggers is
age-dependent and is generally broader in adults. Certain food
allergens can be assigned to clinical phenotypes strongly
depending on age and sex. Excluding these host-dependent as-
pects, specific factors were identified for single food sources such
as wheat and peanut.
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TABLE E1. Registered cases and food-induced anaphylaxis, by TABLE E2. Frequency of confirmed and suspected cases among
country the most frequent elicitors
Country Total registered cases Food-induced anaphylaxis Confirmed Suspected
Germany 7,447 1,921 Elicitor n % n % Total
Switzerland 1,603 609 Peanut 580 83.6 114 16.4 694
France 1,309 948 Cow’s milk 318 92.2 27 7.8 345
Austria 717 109 Hazelnut 237 75.7 76 243 313
Italy 599 109 Cashew 226 89.3 27 10.7 253
Spain 461 227 Hen’s egg 221 86.3 35 13.7 256
Poland 328 92 Shellfish 207 78.4 57 21.6 264
Greece 275 166 Wheat 202 68.0 95 32.0 297
Brazil 198 67 Other tree nuts 196 73.4 71 26.6 267
Ireland 194 151 Walnut 131 79.9 33 20.1 164
Bulgaria 192 69 Seeds 110 77.5 32 225 142
Total 13,323 4,468 Soy 102 745 35 255 137
Fish 84 63.2 49 36.8 133
Meat and poultry 79 72.5 30 27.5 109

Celery 71 68.3 33 31.7 104




TABLE E3. Frequency of severity according to Ring and Messmer and organ systems involved in anaphylactic reaction depicted for most common food allergens

Peanut Cow’s milk Hazelnut Cashew Hen’s egg Shellfish Wheat Other tree nuts  Walnut Seeds Soy Fish Meat and poultry Celery

Characteristic n % n % n % n % n % n % n % n % n % n % n % n % n % n %
Total n 580 100 318 100 237 100 226 100 221 100 207 100 202 100 196 100 131 100 110 100 102 100 84 100 79 100 71 100
Age

Mean, y/SD 10 10 4 8 18 20 6 10 4 9 36 19 34 20 19 19 13 15 23 20 36 19 16 21 32 24 37 19

Median, y 6 1 8 3 1 36 34 12 7 15 40 6 29 36

Range 0.25 64 0 53 1 83 0.92 80 0 64 4 90 0.5 80 1 83 0 77 1 74 1 69 1 93 1 78 2 75
Sex

Female 231 39.8 114 358 109 46.0 89 394 83 37.6 122 589 85 42.1 87 444 67 51.1 37 33.6 68 66.7 28 333 23 29.1 41 577

Male 349 60.2 204 64.2 128 54.0 137 60.6 138 624 85 41.1 117 57.9 109 556 64 489 73 664 34 333 56 66.7 56 709 30 423
Ring and Messmer

severity

Grade II 237 409 128 40.3 129 544 79 35.0 103 46.6 113 54.6 96 47.5 107 546 61 46.6 48 43.6 67 657 42 50.0 45 570 49 69.0

Grade 11T 341 58.8 184 57.9 105 44.3 146 64.6 118 53.4 92 444 106 525 89 454 70 534 62 564 34 333 42 500 34 430 22 31.0

Grade IV 2 0.3 6 1.9 3 1.3 1 04 0 00 2 1.0 0 0.0 0 0.0 0O 00 0 00 1 1.0 0 00 0 0.0 0 0.0
Organ systems involved

Skin 537 92.6 309 97.2 219 924 211 93.4 211 955 199 96.1 194 96.0 179 91.3 128 97.7 107 97.3 97 95.1 78 929 175 949 68 95.8

Gastrointestinal 367 63.3 180 56.6 116 489 167 739 129 584 104 50.2 78 38.6 101 51.5 66 504 64 582 59 57.8 51 60.7 42 532 24 338

Respiratory 501 86.4 256 80.5 209 882 179 79.2 153 69.2 151 729 110 54.5 161 82.1 111 847 83 755 84 824 72 857 44 557 61 859

Cardiovascular 196 338 90 283 81 342 80 354 87 394 100 48.3 153 75.7 60 306 47 359 46 41.8 42 412 31 369 45 57.0 33 46.5
Atopic co-disease and

exercise

Asthma 250 43.1 80 252 88 37.1 51 226 28 127 57 275 46 228 72 36.7 45 344 46 41.8 40 39.2 27 321 13 16.5 26 36.6

Atopic dermatitis 248 42.8 151 475 89 37.6 96 425 144 652 17 82 45 223 65 332 46 351 43 39.1 19 18.6 36 429 9 11.4 9 127

Rhinitis 220 379 68 214 128 453 48 212 31 140 94 454 87 43.1 105 53.6 65 49.6 56 509 101 99.0 35 41.7 30 380 69 972

Exercise 99 17.1 27 85 35 148 18 80 17 7.7 45 21.7 136 67.3 31 158 34 260 20 182 16 157 14 167 13 16.5 11 155
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TABLE E4. Associations among severity according Ring and Messmer, organ systems involved in anaphylactic reaction, atopic comorbidities, exercise, and food of interest compared with

reference food group

Peanut Cow'’s milk Hazelnut Cashew Hen’s egg Shellfish Wheat

Characteristic cv Cl cv Cl cv Cl cv Cl cv Cl cv Cl cv Cl
Severity (grade III/IV) 0.08 0.00 0.01 0.14%" 0.01 0.02 0.12%"

0.03- 0.00- 0.00- 0.04- 0.00- 0.00- 0.03-

0.14 0.09 0.11 0.23 0.11 0.11 0.22
Skin 0.03 0.08 0.01 0.00 0.00 0.08 0.12%!

0.00- 0.01- 0.00- 0.00- 0.00- 0.01- 0.04-

0.08 0.15 0.11 0.11 0.11 0.17 0.21
Gastrointestinal 0.10 0.01 0.03 0.20%" 0.03 0.02 0.13%*

0.04- 0.00- 0.00- 0.11- 0.00- 0.00- 0.04-

0.15 0.09 0.12 0.29 0.12 0.12 0.23
Respiratory 0.03 0.04 0.09 0.01 0.13* 0.09 0.22%*

0.00- 0.00- 0.01- 0.00- 0.04- 0.01- 0.12-

0.09 0.13 0.18 0.11 0.23 0.19 0.32
Cardiovascular 0.01 0.06 0.05 0.02 0.12%* 0.02 0.28*"

0.00- 0.01- 0.00- 0.00- 0.03- 0.00- 0.19-

0.07 0.15 0.14 0.11 0.22 0.12 0.38
Asthma 0.07 0.12%1 0.10%" 0.03 0.11% 0.08 0.15%*

0.01- 0.05- 0.01- 0.00- 0.01- 0.01- 0.06-

0.13 0.20 0.20 0.13 0.21 0.18 0.25
Atopic dermatitis 0.01 0.03 0.03 0.06 0.19% 0.17+* 0.03

0.00- 0.00- 0.00- 0.00- 0.10- 0.07- 0.00-

0.07 0.12 0.13 0.15 0.29 0.25 0.14
Rhinitis 0.02 0.10%" 0.08 0.02 0.02 0.13%* 0.20**

0.00- 0.02- 0.01- 0.00- 0.00- 0.02- 0.10-

0.09 0.18 0.17 0.11 0.12 0.23 0.30
Exercise 0.05 0.01 0.04 0.06 0.01 0.03 0.56%"

0.00- 0.00- 0.00- 0.00- 0.00- 0.00- 0.47-

0.11 0.09 0.15 0.15 0.11 0.13 0.65

Other tree nuts Walnut Seeds Soy Fish Meat and poultry Celery

Severity (grade III/IV) 0.05 0.00-0.15 0.11%" 0.01-0.23 0.05 0.00-0.18 0.11%* 0.01-0.26 0.00 0.00-0.17 0.01 0.00-0.18 0.17%* 0.02-0.33
Skin 0.03 0.00-0.13 0.06 0.00-0.17 0.09 0.00-0.20 0.00 0.00-0.16 0.02 0.00-0.18 0.10 0.00-0.23 0.16 0.01-0.30
Gastrointestinal 0.02 0.00-0.13 0.03 0.00-0.16 0.05 0.00-0.18 0.12 0.01-0.27 0.09 0.00-0.24 0.01 0.00-0.18 0.17 0.02-0.33
Respiratory 0.01 0.00-0.12 0.06 0.00-0.18 0.11 0.01-0.24 0.11 0.00-0.24 0.06 0.00-0.21 0.29%¢ 0.14-0.43 0.08 0.01-0.24
Cardiovascular 0.13* 0.03-0.23 0.03 0.00-0.16 0.09 0.00-0.24 0.10 0.01-0.25 0.01 0.00-0.18 0.15 0.01-0.31 0.18 0.02-0.33
Asthma 0.01 0.00-0.12 0.02 0.00-0.14 0.10 0.01-0.24 0.07 0.00-0.22 0.04 0.00-0.21 0.23%! 0.05-0.38 0.16 0.02-0.34
Atopic dermatitis 0.02 0.00-0.13 0.01 0.00-0.16 0.07 0.00-0.20 0.09 0.00-0.25 0.04 0.00-0.22 0.05 0.00-0.22 0.05 0.00-0.22
Rhinitis 0.03 0.00-0.14 0.07 0.00-0.20 0.07 0.00-0.21 0.30%" 0.15-0.43 0.08 0.00-0.25 0.17 0.02-0.34 0.24%1 0.07-0.40
Exercise 0.04 0.00-0.15 0.19%" 0.07-0.31 0.02 0.00-0.16 0.01 0.00-0.16 0.06 0.00-0.22 0.04 0.00-0.19 0.04 0.00-0.20

CV, Cramér’s V.

The level of association is weak (>0.1 to 0.29), moderate (0.3-0.49), or strong (=>0.5).

*Significant difference between food of interest and the reference food group. Arrows indicate the direction of the association (1 shows higher frequency, and * lower frequency).
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TABLE E5. Association between symptoms and food of interest compared with reference food group, depicted as matrix

Cow’s Hen's Other Meat and
Cramér’'s V Peanut milk Hazelnut Cashew egg Shellfish Wheat tree nuts Walnut Seeds Soy Fish poultry  Celery
Urticaria 0.03  0.05 0.08 0.10 0.03 006  024%" 0.08 001 000 0.17% 003 026%" 0.00
Angioedema 0.04  0.05 0.04 005 004 006  0.17% 0.09 0.09 003 007 003 022¢ 0.16'
Vomiting 0.06 0.11%" 0.05 022%" 010 005  0.01 024" 002 015" 000 019" 018" 0.8
Dysphagia 003 002  0.02 0.04 004  024%' 021% 0.14 002 006 008 003 013" 003
Dyspnea 0.00  0.12%"  0.03 006 007 006  0.04 0.03 0.03 000 009 012 0.10 0.01
Rhinitis 0.10 004 0.5 000 001 0.05  0.13 0.09 001 017" 006 021% 013"  0.10
Throat/chest tightness  0.00  0.01 0.07 0.19%" 0.12' 000  0.08 0.00 007 016" 009 006 011" 0.02
Cough 005 002  0.03 001  0.12%" 004 001 0.05 0.10 003 0.13" 002 015"  0.10
Reduced alertness 0.11%" 0.06 0.06 002 017" 005  0.08 0.02 0.05 001 011" 006 003 0.12*
Dizziness 001  0.03 0.03 006 017" 012" 0.00 0.05 0.12Y 003 004 012 011" 005
Hypotension 004 011* 014 005 014" 000 0.0 0.12" 005 001 028 0.14" 012" 004
Loss of consciousness 0.05  0.08 0.13 003 007 009 025" 001 0.09 004 014" 019" 025" o0.16'

The level of association is weak (>0.1 to 0.29), moderate (0.3-0.49), or strong (>0.5).
*Significant difference between food of interest and the reference food group. Arrows indicate the direction of the association (! shows higher frequency, and * lower
frequency).

TABLE E6. Repetitive reaction to previously known elicitor

Recurrent reaction to previously known elicitor

Recurrency Elicitor n % Total n*
High rate Wheat flour 40 29.4 107
Meat and poultry 14 26.9 44
Fish 21 39.6 41
Median rate Cow’s milk 119 75.3 151
Peanut 195 73.0 233
Hazelnut 59 60.2 79
Shellfish 25 30.9 70
Celery 7 28.0 17
Seeds 11 31.4 25
Hen’s egg 47 67.1 65
Other tree nuts 21 37.5 39
Walnut 22 64.7 33
Low rate Soy 9 529 14
Cashew 17 53.1 29

The most common food elicitors are shown, sorted by their frequency of recurrent reactions.
*Only cases with valid data on recurrence and information about previous identification of the allergen source were included in the calculation (total n = 2,913).

TABLE E7. Ingested amount of food, by elicitors

Elicitor <1 teaspoon 1 teaspoon 1 tablespoon 1/2 cup 1 cup 1 plate Total
Peanut 107 (34.3%) 104 (33.3%) 67 (21.5%) 22 (7.1%) 6 (1.9%) 6 (1.9%) 312
Cows milk 26 (15.2%) 24 (14.0%) 43 (25.1%) 46 (26.9%) 28 (16.4%) 4 (2.3%) 171
Hazelnut 30 (24.0%) 32 (25.6%) 39 (31.2%) 13 (10.4%) 9 (7.2%) 2 (1.6%) 125
Cashew 46 (35.1%) 51 (38.9%) 22 (16.8%) 7 (5.3%) 3 (2.3%) 2 (1.5%) 131
Heris egg 24 (17.5%) 42 (30.7%) 43 (31.4%) 14 (10.2%) 3 (2.2%) 11 (8.0%) 137
Shellfish 6 (5.6%) 3 (2.8%) 17 (15.9%) 13 (12.1%) 14 (13.1%) 54 (50.5%) 107
Wheat 5 (5.7%) 4 (4.6%) 8 (9.2%) 9 (10.3%) 12 (13.8%) 49 (56.3%) 87
Other tree nuts 27 (26.0%) 38 (36.5%) 22 (21.2%) 10 (9.6%) 6 (5.8%) 1 (1.0%) 104
Walnut 31 (42.5%) 17 (23.3%) 14 (19.2%) 7 (9.6%) 1 (1.4%) 3 4.1%) 73
Seed 16 (23.9%) 21 31.3%) 18 (26.9%) 8 (11.9%) 2 (3.0%) 2 (3.0%) 67
Soy 1 (1.9%) 3 (5.6%) 5 (9.3%) 16 (29.6%) 28 (51.9%) 1 (1.9%) 54
Fish 2 (5.0%) 11 (27.5%) 8 (20.0%) 8 (20.0%) 2 (5.0%) 9 (22.5%) 40
Meat and poultry 0 5 (17.9%) 3 (10.7%) 4 (14.3%) 4 (14.3%) 12 (42.9%) 28
Celery 0 2 (6.5%) 7 (22.6%) 9 (29.0%) 4 (12.9%) 9 (29.0%) 31




TABLE E8. Location of anaphylactic reaction among different food elicitors

Peanut Cow’s milk  Hazelnut Cashew Hen’s egg  Shellfish Wheat Other tree nuts Walnut Seeds Soy Fish Meat and poultry Celery
Location n % n % N % n % n % n % n % n % n % n % n % n % n % n %
Home 255 44.0 223 70.1 118 49.8 132 584 157 710 76 36.7 59 29.2 92 46.9 57 435 38 345 37 363 40 47.6 42 53.2 31 43.7
Restaurant, cafeteria, 47 8.1 13 4.1 12 5.1 6 27 12 54 58 280 17 84 17 8.7 11 84 23 209 22 21.6 16 19.0 10 12.7 13 18.3
takeout, hotel
Relative’s or friend’s 63 10.9 9 2.8 19 8.0 28 124 18 8.1 9 43 8 4.0 18 9.2 10 7.6 9 82 5 49 2 24 2 2.5 5 70
home
School, kindergarten 67 11.6 21 6.6 25 10.5 7 31 10 45 3 14 7 35 4 2.0 11 84 5 45 5 49 9 107 0 0 2 28
Urban public place 24 4.1 8 2.5 8 34 14 62 0 0 7 34 41 203 7 3.6 8 6.1 6 55 59 1 1.2 3 3.8 6 85
(street, movie
theater, etc)
Garden, park, 18 3.1 1 0.3 6 25 2 09 3 1.4 8 39 26 129 6 3.1 7 53 6 55 0 0 1 12 3 3.8 1 14
countryside, etc
Place of work 11 19 0.3 6 25 1 04 3 14 3 14 5 25 7 3.6 2 15 4 36 3 29 2 24 2 2.5 2.8
Public transport 2 03 0 0 1 04 1 04 1 05 1 05 0 0 1 0.5 0 0 0 1.0 0 O 0 0 0
including airplanes
Other 14 24 5 1.6 8 34 3 13 2 09 8 39 5 25 4 2.0 3 23 8 73 1 10 1 12 1 1.3 2 28
Unknown 79 13.6 37 11.6 34 143 32 142 15 68 34 164 34 168 40 20.4 22 16.8 11 10.0 22 21.6 12 143 16 20.3 9 12.7
Total 580 318 237 226 221 207 202 196 131 110 102 84 79 71
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TABLE E9. Details about other food elicitors of interest TABLE E9. (Continued)
Food elicitior Cases, n Food elicitior Cases, n
Fruit Squash 1
Kiwi 39 Vegetables unspecified 12
Apple 37 Total 92
Peach 28 Cereals (except wheat)
Banana 24 Buckwheat 32
Fig 12 Sweet corn 12
Mango 11 Spelt 4
Cherry 9 Rye flour 4
Citrus fruits 9 Amaranth 3
Nectarine 8 Oat 1
Grape 8 Rice 1
Pineapple 6 Barley 1
Melon 6 Cereals unspecified 10
Plum 6 Total 68
Pear 5 Other types of milk
Lychee 5 Goats milk 30
Jackfruit 4 Ewés milk 15
Apricot 3 Total 57
Redcurrant 3 Spices
Chestnut 3 Curry 5
Strawberry 2 Parsley 4
Huckleberry 2 Paprika 3
Raspberry 2 Garlic 3
Pomegranate 2 Ginger 2
Goji berry 2 Cardamom 2
Passionfruit 1 Caraway 2
Date 1 Fennel 2
Tangerine 1 Chamomile 2
Dragon fruit 1 Pepper 1
Khaki 1 Spices unspecified 6
Sea buckthorn 1 Total 32
Fruit unspecified 2 Food additives
Total 244 Coloring agents 5
Legumes (except peanut and soy) Histamine 3
Lupine 27 Unspecified 5
Pea 22 Total 13
Lentil 21 Other food
Bean 9 Honey 12
Chickpea 4 Prepackaged plant pollen 5
Legumes unspecified 25 Quails egg 2
Total 108 Animal products unspecified 10
Vegetables (except celery) Unspecified 32
Carrot 37 Total 61
Lettuce 9
Tomato 7
Mushrooms 6
Avocado 6
Bell pepper 5
Cabbage 3
Potato 2
Chicory 1
Asparagus 1
Eggplant 1
Parsnip 1

(continued)
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FIGURE E1. Age distribution among food elicitors.
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