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ABSTRACT

Background: The consumption of plant-based food has lately largely increased, raising concerns about allergic reactions from
ingredients which are currently not subject to mandatory labelling.

Methods: We analysed the frequency and severity of allergic reactions to non-mandatory labelled allergenic foods (pea, lentil,
bean, chickpea, fenugreek, pine nut, sunflower-, poppy-, pumpkin seed, buckwheat) from two large European cohorts: The
Anaphylaxis Registry (NORA) and EuroPrevall outpatient clinic study. Severity was assessed using the Food Allergy Severity
Score (FASS) and compared with reactions to mandatory labelled allergenic foods.

Shared first Sabine Dolle-Bierke and Alejandro Gonzalo-Fernandez and last Margitta Worm and Montserrat Fernandez-Rivas authorship.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited.

© 2026 The Author(s). Allergy published by European Academy of Allergy and Clinical Immunology and John Wiley & Sons Ltd.

Allergy, 2026; 0:1-12 1
https://doi.org/10.1111/all.70308


https://doi.org/10.1111/all.70308
https://doi.org/10.1111/all.70308
https://orcid.org/0000-0002-3339-0709
https://orcid.org/0000-0002-5835-1896
https://orcid.org/0009-0002-1517-4137
https://orcid.org/0000-0002-8323-8449
https://orcid.org/0000-0002-4136-5036
https://orcid.org/0000-0003-2125-6614
https://orcid.org/0000-0002-9324-6039
https://orcid.org/0000-0002-4595-8226
https://orcid.org/0000-0003-2292-2770
https://orcid.org/0000-0001-6571-220X
https://orcid.org/0000-0003-1104-5848
https://orcid.org/0000-0002-4448-3468
https://orcid.org/0000-0003-4118-6385
https://orcid.org/0009-0001-2056-8117
https://orcid.org/0009-0001-6213-6128
https://orcid.org/0000-0001-7433-1740
mailto:
https://orcid.org/0000-0002-3449-1245
mailto:
https://orcid.org/0000-0003-1748-2328
mailto:margitta.worm@charite.de
mailto:mariamontserrat.fernandez@salud.madrid.org
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fall.70308&domain=pdf&date_stamp=2026-03-23

Results: Among 589 reactions from both cohorts, sunflower seed was the most frequent trigger (n=126). In NORA, pine nut

(1.0% of food-induced allergic reactions) was most common followed by pea and buckwheat (0.7% each); in EuroPrevall, sun-
flower seed (1.2%), poppy seed (0.6%) and lentil (0.6%) predominated. After adjusting for age and sex, the severity of reactions
to mandatory labelled seeds and legumes (excluding peanut) were not different (nFASS median: 4.39 vs. 4.43 and 4.56 vs. 4.49).
Whereas, cereal-induced reactions (6.47) were significantly more severe than buckwheat (4.77). In Nora, the number of reactions
to fenugreek and pumpkin seed were 7.4- and 3.7-fold higher in 2015-2022 versus 2007-2014.

Conclusion: Non-mandatory labelled allergenic foods were identified to cause severe allergic reactions in two large European

cohorts. The frequent involvement of sunflower seed, pine nut, pea and lentil, but also rising numbers of reactions to fenugreek

and pumpkin seed, indicates their potential risk. These allergenic foods warrant close monitoring and consideration in future

allergen labelling revisions.

1 | Introduction

Plant-based diets based on legumes, nuts and seeds are gaining
increased popularity worldwide. This shift is often motivated
by ethical concerns around food production methods and the
need to reduce anthropogenic greenhouse gas emissions [1, 2].
Despite their nutritional benefits, legumes and seeds pose a risk
to sensitised individuals and potentially trigger severe allergic
reactions [3, 4]. Major allergens are storage proteins like vicilins,
legumins, 2S-albumins, but also lipid transfer proteins (LTPs),
which are common across all these food groups (Table SI).
Within legumes, cross-reactivity is well documented with >60%
of legume-allergic patients showing sensitization to at least one
additional legume [5, 6], although clinical relevance varies and
depends on the index legume [7]. Molecular studies suggest
that particularly vicilins and legumins are relevant in cross-
sensitization and LTPs may contribute in specific regions [7].

Food-induced anaphylaxis (FIA) is predominantly caused by
plant-based allergenic foods, accounting for 74% of reported
cases [8]. Notably, in children, cashew has recently emerged as
the third most frequent allergenic food [9]. With increasing age,
plant-derived foods like wheat, tree nuts, legumes, celery and
seeds become common triggers, alongside shellfish [4].

Certain legumes (e.g., peanut, soybean, lupin) and seeds (e.g.,
sesame) require mandatory allergen labelling in many countries
including the EU and UK [10]. However, other potentially aller-
genic plant-based foods, such as pea and lentil, are not on the
global priority list for allergen disclosure and may be declared
generically as ‘vegetable proteins’, without highlighting the
direct protein source under current EU law [11]. For the food
industry, such legumes are an attractive, sustainable dietary
protein sources due to their high protein content, diverse tech-
nological properties and relative ease of cultivation [7, 12]. As a
result, highly concentrated forms of these proteins are increas-
ingly used in ultra-processed products [13, 14]. Indeed, recent
studies indicate that allergic reactions can be triggered by foods
containing pea protein as a hidden ingredient [15-19].

The prevalence of food allergies is determined by a complex in-
terplay of endogenous factors, such as genetic predisposition and
immunoregulatory mechanisms, as well as exogenous factors [20].
The latter include geographical region, allergen and environmental
exposure, but also individual dietary habits [21, 22]. Previous data
suggest a higher prevalence of legume allergies in countries with
increased legume consumption [18, 23]. However, other studies

failed to demonstrate a consistent link between the consumption
of a given food and the occurrence of a corresponding food allergy
[24, 25]. For pea and lentil, very limited data were available and the
study by Smits et al. [25] did not allow firm conclusions regarding a
relationship between consumption and sensitization.

Given the increasing use of novel and highly concentrated plant-
based protein ingredients in the food supply, ongoing monitor-
ing of allergic reactions is essential. To obtain more insights
on the frequency and severity of allergic reactions towards
non-mandatory labelled allergenic foods, we analysed real-
world data from the Anaphylaxis Registry (NORA) [26] and the
EuroPrevall outpatient clinic study [27].

2 | Methods
2.1 | Non-Mandatory Labelled Allergenic Foods

This analysis focused on foods that are not subject to mandatory
allergen labelling. Individual foods were included if they were re-
ported in at least 10 cases in either of the two data sets. Four food
groups were analysed; (1) legumes: pea, lentil, bean, chickpea, fen-
ugreek; (2) seeds: pine nut, sunflower-, poppy-, pumpkin seed; (3)
buckwheat; and (4) beehive products (encompasses honey, propo-
lis, royal jelly and pollen pellets, also known as bee pollen).

2.2 | Data Acquisition
2.2.1 | NORA

The European Anaphylaxis Registry conducted by the
Network for Online Registration of Anaphylaxis (NORA) is
a database that collects data on real-life anaphylaxis from
moderate to severe anaphylactic reactions by means of a
standardised online questionnaire [26]. NORA was launched
in 2007 in German-speaking countries and expanded to
other countries in 2011. By the time of this analysis, data on
anaphylaxis cases had been contributed by specialised ter-
tiary allergy centres from 10 European countries (Germany,
Switzerland, Austria, France, Italy, Spain, Poland, Greece,
Bulgaria, Ireland). The study was approved by the ethics
committee at Charité—Universititsmedizin Berlin, Germany
(EA1/079/06) and was accredited by the local ethics commit-
tees in participating centres. The study centres enter severe
anaphylaxis cases after obtaining written informed consent
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from patients and/or their caregivers. Deidentified data from
patients who had experienced an anaphylaxis episode within
the past 12months before presenting to the participating al-
lergy centres were captured by trained healthcare profession-
als on-site through the Web interface. Data were submitted
after completion of the diagnostic work-up. The diagnostic
certainty of the triggering allergenic food was documented at
the level of confirmed or highly suspected, based on the local
allergy specialist's individual judgement. In total, 17,469 cases
were registered until March 2023, including 5239 cases with
moderate to severe FIA. Finally, 284 cases with FIA to non-
mandatory labelled allergenic foods (Figure 1; Figure S1) were
identified.

2.2.2 | EuroPrevall

The EuroPrevall outpatient study was a cross-sectional study
conducted between October 2005 and December 2009 in 12
centres across Europe: Greece (Athens), Poland (Lodz), Spain
(Madrid), UK (Manchester), Italy (Milano), Czech Republic
(Prague), Iceland (Reykjavik), Bulgaria (Sofia), France
(Strasbourg), the Netherlands (Utrecht), Lithuania (Vilnius) and
Switzerland (Zurich). The study was approved by all the local
ethics committees and written informed consent was obtained
from all participants or their legal representatives before enrol-
ment. The clinical evaluation was standardised, performed in all
centres following the same methodology and information was
collected on specific case record forms and then transferred to
a central database. A detailed clinical history was collected in-
cluding demographic data, family and personal history of atopy
and thorough information on food allergic reactions [27]. The
inclusion required both an immediate reaction history and con-
cordant sensitisation (skin prick test and/or specific IgE), known
as ‘probable IgE-mediated food allergy’. Patients analysed in the
current study are those who reported an adverse reaction within
2h of ingestion of any of the non-mandatory labelled allergenic

NORA
Anaphylaxis Registry

foods under study. The involvement of the culprit food in the
reported reaction was based on the local investigator allergy
work-up and diagnosis. In the final EuroPrevall outpatient clinic
database, 8232 immediate food reactions, ranging from mild to
severe, were collected in 2112 patients, of which 305 reactions in
249 patients were caused by the non-mandatory allergenic foods
and included in this study (Figure 1).

2.3 | Data Analysis

The data set for analysis included the following variables: age,
sex, country, concomitant atopic diseases (rhinitis, asthma,
atopic dermatitis, other food allergies) and symptoms. The defi-
nition of anaphylaxis was verified by applying the National
Institute of Allergy and Infectious Diseases/Food Allergy and
Anaphylaxis Network (NIAID/FAAN) criteria [28] retrospec-
tively to the reported cases. Symptom severity was assessed by
the iFAAM Food Allergy Severity Score (FASS) [29].

A descriptive analysis was conducted for demographic and
clinical variables. Categorical variables were expressed as
frequencies and percentages. Continuous variables were re-
ported as mean and standard deviation (SD) for those with a
normal distribution and as median and quartiles (Q1 and Q3)
for non-parametric data. For normally distributed continuous
variables, comparisons between two independent groups were
made using the t-test, while the Mann-Whitney test was ap-
plied to non-parametric continuous variables. Associations
between categorical variables were analysed using the chi-
square test or Fisher's exact test, as appropriate. For compari-
sons across more than two groups, the Kruskal-Wallis test was
applied, followed by a post hoc Bonferroni correction to iden-
tify specific group differences. Associations between sIgE lev-
els to mandatory and non-mandatory allergenic foods within
the EuroPrevall outpatient cohort were explored by calculat-
ing Spearman’s rank correlation coefficients (p).

EuroPrevall
Outpatient clinical study

Total registered

Food-induced anaphylaxis
and food allergic reactions

n=5,239

Number of reactions to
allergenic foods of interest

n=589
(in 533 patients)

n=284

n=8,232
(in 2,112 patients)

n=305
(in 249 patients)

FIGURE1 | Data flow chart of the Anaphylaxis Registry (NORA) and the EuroPrevall outpatient clinic study. Shown are numbers of reactions to

allergenic foods. In the EuroPrevall outpatient clinic study, subjects could report on more than one reaction to an allergenic food. A detailed descrip-

tion of data set adjustments for the NORA data is provided in Figure S1. An overview of the countries contributing cases related to non-mandatory

labelled allergenic foods is presented in Table S2.
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To control for potential confounding factors and differences in
sample size, propensity score matching was used for the compar-
ison of mandatory and non-mandatory labelled allergenic foods.
A 1:1 matching ratio was applied for seeds and cereals and a 1:4
matching ratio for legumes, adjusting for age and sex. The near-
est neighbour (k-NN matching) method was employed to ensure
comparability between groups. For the matching of mandatory
labelled legumes excluding peanut vs. non-mandatory labelled
legumes we applied a calliper of 0.15, according to the criterion
of Rosenbaum & Rubin [30]. All statistical analyses were per-
formed using IBM SPSS Statistics for Windows, version 26 (IBM
Corp., Armonk, NY, USA) and Python version 3.12, specifically
using the PsmPy [31] and SciPy packages [32].

3 | Results
3.1 | Study Cohorts

In the combined data set, 589 reactions to non-mandatory la-
belled allergenic foods were reported, corresponding to 4.4% of
food-induced allergic reactions (Figure 1). The demographics
differed in the cohorts. The NORA data set included a higher
proportion of children (53.5%) and male subjects (55.3%) com-
pared with the EuroPrevall cohort (children 30.9%; male 42.2%)
(Table 1). Countries contributing to the cases are detailed in
Table S2 and reactions to allergenic food of interest by country
are provided in Table S3.

3.2 | Frequency of Non-Mandatory Labelled
Allergenic Foods

Seeds were the most frequently reported non-mandatory la-
belled allergenic foods with sunflower seed (n=126), pine nut

TABLE1 | Baseline characteristics of the subjects.

(n=66), poppy (n=61) and pumpkin seed (n=26), followed
by legumes including lentil (n=77), pea (n=56), bean (n=25),
chickpea (n=24) and fenugreek (n=10) (Table S4). Other aller-
genic foods of interest in this analysis were buckwheat (n=53)
and beehive products (n=65) (Table S4).

The relative frequency of allergic reactions to mandatory labelled
legumes was eight times more frequent than to non-mandatory
ones (11.8% vs. 1.4%) mainly due to the high numbers of peanut-
induced reactions in both data sets. A comparable ratio was ob-
served between mandatory labelled cereals and buckwheat (3.3%
vs. 0.4%). In contrast, non-mandatory labelled seeds showed a
similar frequency to mandatory ones (2.1% vs. 2.0%) (Figure 2).

3.3 | Severity of Allergic Reactions
3.3.1 | Overall Severity Assessment

The severity of reactions was assessed using FASS, a validated
instrument specifically developed to measure the severity of
food allergic reactions [29]. FASS is available in two formats: an
ordinal version (0FASS) which we applied here using the 5-grade
severity scale and a numerical version (nFASS) (see Table 2 for
non-mandatory, Tables S5-S7 for mandatory).

All the NORA cases corresponded to oFASS grades 3, 4 and
5 (anaphylaxis), as well as 140 out of the 305 food-induced re-
actions (45.9%) to non-mandatory labelled allergenic foods re-
corded in the EuroPrevall data set. Thus, the majority of the
reactions were anaphylaxis (0FASS grades 3, 4 and 5): 68.5% of
reactions to seeds, 73.4% of those to legumes, 86.7% of those to
buckwheat and 70.7% of those to beehive products, correspond-
ing to a median nFASS between 4.26 (seeds) to 4.77 (buckwheat)
(Table 2).

All (n=533) NORA (n=284) EuroPrevall (n=249)
N (children/adults) % N (children/adults) % N (children/adults) % 4
Sex <0.01
Female 271 (74/197) 51.0 127 (45/82) 447 144 (29/115) 57.8
Male 262 (155/107) 49.0 157 (107/50) 55.3 105 (48/57) 42.2
Age group <0.01
Children/ 229 42.8 152 53.5 77 30.9
adolescents
Adults 304 57.2 132 46.5 172 69.1
Atopic co-morbidities
Rhinitis 347 (106/241) 65 112 (39/73) 39 235 (67/168) 94  <0.01
Asthma 316 (114/202) 59 87 (47/40) 31 229 (67/162) 92  <0.01
Atopic dermatitis 146 (92/54) 27 55(42/13) 19 91 (50/41) 37 <0.01
Other food 262 (100/162) 49 69 (43/26) 24 193 (57/136) 78  <0.01
allergy
Note: Statistical differences between the cohorts were calculated by chi square.
4 Allergy, 2026
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Lentil (n=77), Pea (n=56), Bean (n=25)

Chickpea (n=24), Fenugreek (n=10) | pEA
= T 1 5
e = 1 = Lupine \n=
Sunflower (n=126), Pine nut (n=66)
Poppy (n=61), Pumpkin (n=26) | pEt3
I 2.0%
Jo.a%

| 3.3%

M non-mandatory
® mandatory

% of total food-induced
reactions (n=13,471)

FIGURE 2 | Overview of the mandatory and non-mandatory labelled allergenic foods of interest and frequency in regards to total food-induced
reactions. [Correction added on April 1, 2026, after first online publication: Figure 2 has been replaced with a new version.]

TABLE 2 | Severity among the allergenic foods of interest.

OFASS-5, N (%)

Intragroup
Grade nFASS median differences
N (%) Gradel Grade2 Grade3 Grade4 5 [Q1, Q3] p value
Seeds 279 (47.4) 46 (16.5) 42(15.1)  22(7.9) 116 53(19)  4.26[2.12,4.89]
(41.6)
Pine nut 66(11.2)  4(6.1) 1(1.5)  9(13.6) 34(51.5) 18(27.3) 4.69[4.41,6.24]  Pumpkin seed
Poppy 61(10.4) 13 (21.3) 15 3(49) 17(27.9) 13(2L3) 3.44[2.11, 4.83] > Sunflower
(24.6) seed, p<0.01
: Pine nut >

Pumpkin seed 26 (4.4) 1(3.8) 1(3.8) 2(77)  16(61.5) 6(23.1)  4.77[4.41,5.54]  Poppy, p<0.01
Pumpkin seed >

Sunflower seed 126 28 25(198)  8(6.3)  49(389) 16(127)  4.10[2.07, 4.89] 5
(21.4) (22.2) Poppy, p=0.03
Legumes 192 21(109) 30(156) 26 69(359) 46(24)  4.49[2.75,5.58]
(32.2) (13.5)
Lentil 77131  11(143) 18(234) 11(143) 27(351) 10(13)  3.53[2.29,492]  Pea> Lentil,
Pea 56(9.5)  3(54)  4(71)  9(161) 21(37.5) 19(339)  4.61[3.68,6.47] p=0.02
Fenugreek >
Bean 2542)  406)  2@® 3312 1040)  6(4)  467[3.07,555  Lentil, p<0.01
Chickpea 24@1) 33125  6(25) 142 9(375  5(20.8)  4.51[2.36,5.38]
Fenugreek 10(1.7) 0 0 2200 220)  6(60)  6.53[5.32,7.38]
Buckwheat 5389)  3(57)  4(75)  504)  20077) 21(39.6)  4.77[439,6.47]

Beehive products 65 (11) 4(6.2) 15(3.1) 6(9.2) 29(44.6) 11(16.9)  4.41[2.68,4.9]

Note: The percentage is given in relation to the total number of reactions, n=>589.

Abbreviations: Grade 1, isolated oropharyngeal symptoms; Grade 2, systemic reactions involving one organ system (skin, nose/eye, digestive, uterus); Grade 3,
systemic multi-organ reactions without lower respiratory or cardiovascular involvement; Grade 4, moderate-to-severe reaction with lower respiratory involvement
(larynx/bronchial); Grade 5, severe life-threatening reaction with cardiovascular or neurological involvement; nFASS, numerical Food Allergy Severity Score;
oFASS-5, ordinal Food Allergy Severity Score with 5 grades; Q1, first quartile; Q3, third quartile.

When examining the severity of reactions to the allergenic foods higher for pumpkin seed (92.3% of reactions) and pine nut (92.4%)
of interest within seeds, differences were observed (Table 2). The than for poppy (54.1%) and sunflower seed (57.9%). The nFASS of
frequency of anaphylaxis (0FASS grade 3, 4 and 5 reactions) was pumpkin seed reactions (median 4.77) was higher in comparison
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to sunflower (median 4.10, p <0.01) and poppy seed (median 3.44,
p=0.03). Additionally, pine nut was associated with higher nFASS
(median 4.69) compared with poppy seed (p <0.01) (Table 2).

In the group of non-mandatory legumes, 87.5% of pea-induced
reactions and 100% of fenugreek-induced reactions were anaphy-
laxis and they both exhibited significantly higher nFASS sever-
ity scores compared with lentil (p=0.02 and p <0.01) (Table 2).

3.3.2 | Comparison of Reaction Severity to
Non-Mandatory Versus Mandatory Labelled
Allergenic Foods

To compare the clinical severity of reactions induced by non-
mandatory versus mandatory labelled allergenic foods, we ap-
plied an age- and sex-matched approach. Reactions triggered by
mandatory labelled legumes (nFASS median: 4.73 [3.84; 6.39]) and
cereals (6.47 [4.67; 7.17]) were more severe than those caused by
non-mandatory labelled ones (4.49 [2.75; 5.57], p<0.01 and 4.77
[4.39; 6.47], p=0.02). By contrast, the severity of reactions was
comparable within the group of seeds, regardless their labelling re-
quirement (mandatory: 4.39 [2.36; 5.61] and non-mandatory: 4.43

p < 001

nFASS

[2.62; 5.212], p=0.47) (Figure 3, Table S8A). Both data sets were
also analysed separately (Table SSB—NORA, S8C—EuroPrevall)
and did not reveal substantial differences due to the limited sam-
ple size. When excluding peanut from the group of mandatory la-
belled legumes the reaction severity was not different between the
groups (4.56 [3.10; 5.59] vs. 4.49 [2.67; 5.62]; p=0.16) (Table S8D).

3.3.3 | Age-Dependent Severity of Reactions

Given the broad age range of the patients analysed, severity
scores were subsequently assessed by age group (Table S9).
Differences were observed between children/adolescents and
adults (0FASS, p<0.01). This difference was primarily driven
by a higher proportion of grade 1 (isolated oropharyngeal symp-
toms) and a lower proportion of grade 3 (systemic multi-organ
reactions without lower respiratory or cardiovascular involve-
ment) reactions among adults.

To further elucidate age-dependent differences, we stratified
the patients below 18years into three age groups (0-5, 6-11 and
12-17years). The data indicate that adolescents (12-17years)
had a similar severity pattern to adults. The age-stratified

p =002

Non-mandatory Mandatory Non-mandatory Mandatory Non-mandatory Mandatory

n=192 n=768 n=273

Legumes

Seeds

n=273 n=53 n=53

Cereals/grains

FIGURE 3 | Severity scores of mandatory and non-mandatory labelled allergenic foods of interest, nFASS—numerical Food Allergy Severity

Score. Significance was calculated after post hoc correction (using the Bonferroni method). Detailed calculations of severity differences and the

matching strategy are provided in Table S8.
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comparison revealed no differences in the median nFASS across
all reactions for any of the age groups.

3.4 | Allergic Reactions Over Time

To elucidate the frequency of the non-mandatory labelled al-
lergenic foods causing allergic reactions over time, we anal-
ysed NORA data from 2007 to 2022 (Figure 4). We identified
increased rates of reactions to fenugreek (7.4-fold) and pumpkin
seed (3.7-fold) in 2015-2022 compared with 2007-2014. The ma-
jority of reactions to fenugreek (90%, 9 out of 10) and pumpkin
seed (82%, 18 out of 22) occurred after 2015.

4 | Discussion

Avoidance is still the major therapeutic approach in the man-
agement of food allergy [33]. Mandatory labelling of food ingre-
dients from allergenic sources of public health importance has
been introduced to support patients and their relatives to better
manage their food allergy in daily life. The Codex Alimentarius
Commission (CXs 1-1985) recommends the labelling of ingre-
dients from eight food groups (priority allergen list), which has
been enacted in legislation around the world. These foods are:
cereals containing gluten, crustaceans, egg, fish, peanut and
soy, mammalian milk, tree nuts and sulphites. Geographical
differences in the prevalence of food allergies have led some

8.0

countries to include additional allergenic foods in their manda-
tory declaration. Thus, the EU and UK requires labelling of cel-
ery, mustard, sesame, lupin and molluscan shellfish [11]. Japan
and Republic of Korea include buckwheat and sesame was re-
cently added to the regional priority allergen list in the US [34].
Regional variations in allergen labelling and evolving environ-
mental and dietary patterns, have encouraged a re-evaluation
of food allergen prioritisation in the light of new data [35]. The
FAO-WHO expert consultation revised the global priority aller-
gen list based on measures of public health importance, namely
(1) prevalence; (2) potency (threshold dose); and (3) severity. It
acknowledged regional variations (e.g., buckwheat, pine nut
and Brazil nut) and a call for a ‘watch list’ for potentially new
emerging allergenic foods [35]. These non-priority allergenic
foods may escape correct identification, behaving as ‘hidden
allergenic foods” and potentially increasing the risk of allergic
reactions among sensitised individuals [36]. This watch list is a
signal-detection tool rather than a labelling mandate. If conver-
gent evidence indicates public-health relevance, the next steps
would include setting reference doses, developing analytical
methods and targeted risk communication.

In this study, we analysed legumes, seeds, buckwheat and bee-
hive products as emerging allergenic foods that may warrant
inclusion in a watch list. Lentil and pea were the most common
allergenic foods among legumes (0.6% and 0.4% of all food-
induced reactions), while sunflower seed (0.9%) was the lead-
ing food allergen among seeds. By contrast, reactions to lupin,
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FIGURE4 | Frequency ratios of allergic reactions to mandatory and non-mandatory labelled allergenic foods of interest over time. The ratio was
calculated by dividing the frequency of reactions reported between 2015 and 2022 by those reported between 2007 and 2014 for each allergenic food.
Frequencies were calculated based on all food-induced anaphylaxis reactions. A marked increase in reaction frequency was observed for fenugreek

(7.4-fold) and pumpkin seed (3.7-fold). The majority of reactions to fenugreek (90%) and pumpkin seed (82%) occurred after 2015. Dashed lines sepa-

rate food group categories. *Statistical significance was assessed using the chi-square test or Fisher's exact test, as appropriate, revealing significant

differences for fenugreek (p =0.05) and pumpkin seed (p=0.02).
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a legume currently included in the EU allergen labelling reg-
ulations, were much less frequently reported as a cause of se-
vere allergic reactions in our study (0.3%), with only one case
reported in EuroPrevall. This might reflect regional and dietary
differences. A separate French analysis, for example, reported a
higher frequency of lupin-induced anaphylaxis at 2.3% between
2002 and 2022, although, dropping to 1.4% in 2017-2022 [37].
Notably, 95% of these reactions were triggered by prepacked food
products, highlighting the potential of lupin as a hidden aller-
genic food.

Besides frequency, we also tried to get an insight into the se-
verity of the reactions. The majority of reactions analysed in
the combined data set (NORA and EuroPrevall) were severe
indicated by the overall nFASS median >4.07. In our cohort,
reactions induced by pea and fenugreek, but also pine nut and
pumpkin seed were more severe than others (e.g., lentil, sun-
flower or poppy seed). Consistently, severe allergic reactions
to these foods have also been documented in the literature
[15, 16, 38-42].

Peanut stands out as the predominant trigger of legume-induced
anaphylaxis, occurring about six times more frequently than
soy [4]. This observation may indicate that peanut differs in its
reactivity profile from other legumes. Notably, when excluding
peanut from the analysis, the severity of reactions to priority and
non-priority legumes was not different (Table S8D).

This finding indicates that, if the dietary shift envisaged by
the EAT LANCET commission is realised and an increased
vegetarian-based diet is adopted more widely by the general
population, such legumes and seeds may emerge as significant
allergenic foods of public health importance in future.

Age-stratified analyses demonstrated that anaphylaxis oc-
curred across all age groups. While nFASS medians were com-
parable (Table S9), oFASS was more sensitive to distributional
shifts. Adolescents and adults experienced a higher propor-
tion of mild (local oral allergic symptoms) reactions compared
with children <12years with a higher proportion of systemic
reactions (> grade 3). This pattern is not at odds with the es-
tablished evidence that adolescence/young adults carry the
highest risk of severe food allergic reactions [43, 44]; rather, it
reflects data set differences (NORA: anaphylaxis-only with a
higher paediatric representation; EuroPrevall: broader sever-
ity spectrum with more adults) and allergen-specific biology.
We hypothesise that storage protein sensitisation (notably in
legumes and seeds; Table S1) is more prevalent in younger chil-
dren and predisposes to systemic reactions, whereas older pa-
tients more often exhibit pollen-associated sensitisation to heat
labile allergens [45-47].

Our exploratory time trend analysis revealed fenugreek and
pumpkin seed as emerging allergenic foods associated with in-
creased reported allergic reactions in recent years (2015-2022).
Given the small number of cases, mainly from France and
Germany, these findings are not representative of the general
population but rather a signal consistent with the current litera-
ture. For example, while the first documented case of fenugreek
allergy dates back to 1997 [48], an increase in reported allergic
reactions has been observed in recent years [6].

A rise in seed-induced allergies has been reported as well, with
sesame being the most common reported seed [49-51]. Such
increase of seed-related reactions coincides with the growing
use of seeds in food products such as bread or pasta, a trend ex-
pected to continue [52, 53]. A retrospective study from the US
observed a rising incidence of sunflower seed allergy from 2007
onward [54]. Sunflower seed allergy has been reported across all
age groups and is also frequently described as having adult onset
[55]. Data on prevalence of probable sunflower seed allergy in
Europe are rare [55]. In the EuroPrevall prevalence studies,
estimates for sunflower seed were highest for children from
Madrid with 0.53% (95% CI 0.02-1.85) [56, 57]. Concerns have
been raised regarding potential cross-reactivity to peanut, tree
nuts and fruits. In the present study, we were able to examine
correlations between sIgE values in the EuroPrevall data set for
legumes and seeds from both mandatory and non-mandatory
labelled allergenic foods (Table S10). The observation that > 50%
of patients with peanut allergy are sensitised to sunflower seed,
as well as to lentil and buckwheat, underscores the importance
of monitoring trends related to the increasing use of non-priority
plant-based allergenic food. In our analysis, sunflower seed-
induced reactions showed a slight increase over time. The ob-
served upward trend may partially be due to increased clinician
awareness and advances in diagnostic testing.

While buckwheat allergy is more prevalent in Asian countries
such as Japan, Korea and China, where it is widely consumed
[58-60], severe and even fatal reactions have also been reported
in non-Asian countries (e.g., Italy, Australia), primarily in adults
[61]. In our data set, buckwheat accounted for 0.4% of all re-
ported food-induced reactions. Notably, half of these reactions
were reported in France, likely reflecting regional dietary hab-
its, particularly in western areas where ‘galettes de Bretagne’ are
commonly consumed.

Other emerging allergenic sources were beehive products like
honey, propolis and pollen pellets, with a total of n =65 reported
cases. These products are a heterogeneous mixture of pollen
protein, flower nectar, bee enzymes, sugars and moulds. Despite
their popularity as natural health products (neutraceuticals),
these substances can cause allergic reactions [62]. Given their
increasing use, these substances warrant closer clinical atten-
tion and improved allergen risk communication.

Although the patient populations overlap, the two data sets
differ in methodology and scope, providing additional per-
spectives for analysis. NORA, covering severe, multi-system
allergic reactions from tertiary allergy centres [26] and
EuroPrevall, a multi-centre outpatient study conducted in al-
lergy clinics across Europe [27], capturing a large patient group
and covering the full clinical spectrum of food allergy sever-
ity. The combination of these data sets allows for a broader
understanding of reaction severity and frequency across dif-
ferent levels of clinical presentation. Other strengths of the
two data sets include the vast experience of the participating
centres in food allergy that ensures high-quality data entry
and the detailed collection of specific symptoms during reac-
tions that enables grading and comparison of reactions using
various severity scores. However, the study has several lim-
itations. Because grading relied on retrospectively reported/
documented symptoms, residual recall and information bias
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may persist despite mitigation steps (standardised clinician-
collected records). This study comprises reactions captured
at voluntarily participating centres and is not an exhaustive
enumeration. Mild events, primary-care-managed cases, or
reactions outside participating regions are likely underrep-
resented. The heterogeneity of data collection methods limits
the direct comparability between the two data sets. Neither
NORA nor EuroPrevall do provide population-based data.
Moreover, all NORA cases are FIA, introducing a potential
bias towards more severe cases, potentially underrepresenting
milder reactions which were only collected in the EuroPrevall
study. Despite these limitations, the analysis of the reaction
patterns to non-mandatory labelled compared with those of
established allergenic foods within the same cohorts offers
valuable insights into the clinical frequencies and severity of
emerging allergenic foods. In addition, the long runtime of the
registry allows for detection of variations over time. Finally,
while efforts were made to group comparable food catego-
ries, differences in exposure and allergenicity limit direct
equivalence.

5 | Conclusion and Outlook

We identified several foods frequently associated with severe al-
lergic reactions which are not currently considered to be priority
allergenic foods in terms of labelling. The frequency and sever-
ity in real-life allergic reactions reported to these foods suggest
the need for further evaluation. Indeed, pea and fenugreek but
also pine nut and pumpkin seed frequently triggered anaphy-
laxis. These findings highlight the need for further evaluation
and suggest placing such foods on a Europe-wide watch list to
enable structured monitoring of prevalence, severity and po-
tency as proposed by the recent FAO-WHO expert consultation.
This would pave the way for evidence-based inclusion in man-
datory allergen labelling.
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Supporting Information

Additional supporting information can be found online in the
Supporting Information section. Figure S1: Detailed data flow chart
of the Anaphylaxis Registry (NORA) based on data set March 1, 2023.
Between July 2007 and March 2023; 17,469 cases were registered of
which 15,748 cases met the modified criteria of the National Institute
of Allergy and Infectious Diseases/Food Allergy and Anaphylaxis
Network [56]. Table S1: Food allergens in non-mandatory labelled le-
gumes and seeds as well as buckwheat. Table S2: Countries contrib-
uting to the patients of non-mandatory allergenic foods. Countries
who are involved in both data sets are highlighted in grey. Table S3:
Reactions to allergenic foods of interest by country. Given as absolute
numbers with percentages (n (%)) calculated based on the total num-
ber of reactions per country. Table S4: Overview of the non-mandatory
labelled allergenic foods of interest and frequency in regards on total
registered cases. Table S5: Severity of mandatory labelled allergenic
foods NORA & EuroPrevall. Table S6: Severity of mandatory labelled
allergenic foods in NORA. Table S7: Severity of mandatory labelled al-
lergenic foods in EuroPrevall. Table S8: Comparison of severity of non-
mandatory with mandatory labelled allergenic foods of interest (A) in
both data sets combined, (B) in the NORA cohort, (C) in the EuroPrevall
study, (D) in both data sets for legumes excluding peanut-induced cases.
Table S9: Severity scoring among children and adults using Food
Allergy Severity Score (FASS). Table S10: Correlations (Spearman rho,
p) between sIgE of mandatory and non-mandatory studied foods, as
well as fish in the EuroPrevall outpatient study. The correlation with
fish, which has no cross-reactive allergens with the studied plant foods,
was additionally included as we cannot establish whether the correla-
tions (ranging from 0.63 to 0.90) are due to allergen cross-reactivity or
co-sensitization.
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