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Summary
The Advisory Committee for Novel Foods and Processes (ACNFP) previously
highlighted the need for the FSA to consider revising and updating the guidelines
for assessing novel foods (including GM foods and PBOs), specifically for
developing a clearer framework for the allergenicity risk assessment process. This
was in response to the evolving science of food allergenicity and recent
applications seeking authorisation as novel alternative proteins.

This FSA Allergenicity Workshop, held in person in February 2024, brought
together food allergy experts from a range of perspectives to gather their
viewpoints on the current and future approaches for allergenicity risk assessment.
Three topic areas were considered: Allergen Bioinformatics; In vitro approaches;
Exposure and Thresholds. Participants were invited to take part in a round table
discussion to review the findings of the workshop and make recommendations to
the FSA.

Based on these discussions, and other supporting sources of information (FAO
publications; EFSA reports; published peer review papers) a draft workflow was
developed. This template will be used as a starting point to revise the guidelines
for the novel food allergenicity risk assessment.

1. Introduction
1. New and alternative proteins from a range of sources are expected to enter the
UK market in the next few years. These include cell cultivated meat, insects, and
extracts of common foods such as legumes, seaweed, and grasses. For these
foods to be successfully scrutinised by the FSA and FSS before being placed on
the market, applicants to the novel food process would be aided by guidance on



the data needed for assessment, assessors need a clearer structure for
evaluating these products, and clinicians and consumers need to have confidence
in the safety assessment of these novel foods.

2. The Advisory Committee for Novel Foods and Processes (ACNFP) had previously
emphasised the need to consider the issue of the potential allergenicity to
consumers and the evolving science in this area. During the review of recent
dossiers on novel alternative proteins, the Committee highlighted the need for
further research, and in many cases, evidence to reduce uncertainties in the
allergy risk assessments. Members recognised that the science of food-related
allergy is relatively new and evolving worldwide, and there may inevitably be
knowledge gaps and residual uncertainties in allergy risk assessments. The
potential for revised guidance based on the evolving science of food allergenicity
and the development of a clearer framework for review was considered a high
priority by the ACNFP to support their work in reviewing innovative products.

3. The FSA Allergenicity Workshop brought together relevant experts from a
range of perspectives to gather their viewpoints on the current and future
approaches in allergenicity risk assessment. This output summarises their
discussions and forms the basis of the proposed recommendations that the
ACNFP will provide to the FSA. The report covers Type 1 food allergies via the oral
route only and does not concern skin allergy via contact with food, including small
molecules in a Type IV allergy, e.g., from citrus fruit or plant handling, etc.

4. The proposals will be used by the FSA to define the data requirements from
industry more clearly, so that consumers, clinicians, and regulators can be
confident that the outcome of the novel food assessment on allergenicity is
appropriate, relevant and proportionate.

2. What are we trying to anticipate for a novel
food via an allergenicity risk assessment
5. The aims of the allergenicity assessment are not clearly defined in the current
guidance. However, in conducting the allergenicity risk assessment of a novel
food, this evaluation attempts to explore the following areas.

6. Determining the potential for cross-reactivity to a protein present in a novel
food in those consumers who have a pre-existing clinically relevant allergy to
another protein or food ingredient. The exposure to the novel protein could cause
cross-reactive severe allergic reactions, including anaphylaxis, and even death.



This can be illustrated in a case study concerning anaphylaxis following
consumption of crocodile meat for the first time. The patient had an existing
clinically relevant allergy to chicken meat; however, further analysis revealed
extensive sequence homology between chicken and crocodile α-parvalbumins
(Ballardini et al., 2017).

Cross-reactivity occurs when a protein in one food is mistakenly recognised
by the immune system as another protein due to similar structural features
present in both proteins. Certain groups of foods allergens, such as tree
nuts, are associated with high rates of clinical cross-reactivity (Francis et al.,
2020). For example, allergenic responses following consumption of pecans
are notable in consumers with a clinically relevant allergy to walnuts (Brough
et al., 2020).

7. Determining the potential for de novo sensitisation and the development of a
new clinically relevant food allergy in consumers of a novel food that has not
been seen before. This is extremely challenging to predict.

The allergenicity risk assessment already considers the cross-reactivity of a
protein from a novel food with known food allergens. By contrast, de novo
sensitisation to novel allergens, with the current science, can only occur be
identified retrospectively. There are no animal models or in vitro models that
can be used to predict whether a de novo sensitiser will appear on the
market from a novel food.

8. Consider the apparent changes in the symptoms of clinically relevant allergenic
responses reported by consumers over time.

There is a recognition that there are underlying genetic, immunological and
environmental factors which play a key role in Type I allergy or IgE-
dependent reactions, including food allergy (Falcon and Caoili, 2023). Whilst
food allergies to crustaceans, fish and tree nuts appear to be life-long for
most allergic individuals (Luyt et al., 2014), around 80 – 95 % of children
could outgrow allergies to cow’s milk proteins, eggs, soy and wheat flour by
the age of five according to Sicherer and Sampson (2014).

9. Assess the evidence concerning the population exposure levels for allergenic
proteins and the scope of reactions observed in consumers with clinically relevant
food allergies. From this information, estimate the scale of food allergy in the UK
population, and where possible, predict the likelihood of a clinically relevant
allergenic response for a similar novel protein.



The Patterns and Prevalence of Adult Food Allergy (PAFA) report found that
around 6 % of the UK adult population are estimated to have a clinically
confirmed food allergy (University of Manchester et al., 2024). Peanuts
(legume) and tree nuts were most likely to cause an allergic reaction. Fresh
fruit, such as apple, peach and kiwi fruit were also notable as allergenic
foods (fruits are associated with allergies to birch pollen, also known as
pollen-food allergy syndrome). Allergies to milk, fish, shrimp and mussels
were reported to be uncommon in the UK.
The prevalence of allergy in Europe is expected to be different compared to
the UK. The European Community Respiratory Health Survey II (ECRHSII)
study reported a wide range in the prevalence of sensitisation (i.e.
production of specific IgE) to food allergens, ranging from 7.7% in Iceland to
24.6% in the USA (Knox et al., 2003). The EuroPrevall study reported that the
prevalence of probable IgE-mediated food allergy (i.e. reported reactions to a
food consistent with an IgE-mediated food allergy and evidence of
sensitisation to that same food), ranged from 0.3% in Athens and up to 5.6%
in Zurich (Lyons et al., 2019).
The PAFA report also noted that childhood food allergies persisted into early
adulthood. In addition, a significant number of adults reported that their food
allergies developed in adulthood, which suggests that the burden of food
allergy can increase with age and sensitisation phases, with multiple
exposures, could progress during childhood and adolescent years.

3. Background to Current Allergenicity Risk
Assessment Approaches
10. The current allergenicity risk assessment strategies in the Guidance on the
preparation and submission of an application for authorisation of a novel food in
the context of Regulation (EU) 2015/2283 are based on the principles and
guidelines of the Codex Alimentarius for the safety assessment of foods derived
from ‘modern’ biotechnology (FAO/WHO, 2001).

11. In 2006, the EFSA Panel of Genetically Modified Organisms (GMO Panel) first
published the “Risk assessment of genetically modified plants and derived food
and feed” (EFSA GMO Panel, 2006). This guidance has been periodically updated
in response to scientific and technological developments in this field.

12. In 2017, a Working Group from the EFSA GMO Panel was tasked with
developing supplementary guidance for the allergenicity assessment of



genetically modified (GM) plants (EFSA GMO Panel, 2017). The resulting
publication addressed three main topics:

(i) non IgE-mediated adverse immune reactions to food (coeliac disease).

(ii) in vitro protein digestibility tests.

(iii) endogenous allergenicity (where the genetic modification results in untended
changes to the levels of endogenous allergens that may adversely affect human
and animal health).

13. The GMO Panel reviewed the scientific and regulatory developments in each
of these areas and then considered how these approaches could be implemented
into the risk assessment of GM plants. Recommendations were made to
supplement the previous guidance documents for points (i) and (iii). In the case of
in vitro protein digestibility tests, the GMO Panel indicated that further research
was needed before additional guidance could be provided (EFSA GMO Panel,
2017).

14. The EFSA GMO Panel have since updated their advice concerning in vitro
protein digestibility tests in allergenicity and protein safety assessments (EFSA,
2021a). The Panel concluded that there was a need for more reliable systems to
predict the fate of the proteins in the gastrointestinal (GI) tract. Also, further work
was needed to fully understand the complexity of digestion and absorption of
dietary protein and develop approaches so that this information can be integrated
into a weight-of-evidence approach.

15. In June 2021, the Allergenicity Working Group of the EFSA GMO Panel
organised an online workshop on allergenicity risk assessment (EFSA GMO Panel,
2021b) which considered issues relating to IgE cross-reactivity and de novo
sensitisation prediction. These topics had not been addressed by the GMO Panel
in their 2017 publication. The information gathered from the workshop was used
to guide the drafting of a Scientific Opinion on the current gaps and future
development needs for allergenicity and protein safety assessment (EFSA GMO
Panel, 2022).

16. Based on the prior experience gained by risk assessors, and new
developments in the field, there was a recognition that certain key aspects of
food allergenicity assessment needed to be updated. These were identified as:

(i) better standardisation on the use of the available knowledge on the source of
the gene and the protein itself – context of clinical relevance, route of exposure



and potential threshold values of food allergens.

(ii) modernisation of in silico tools used with more targeted databases.

(iii) better integration of in vitro testing, with clear guidance on how protein
stability and digestion inform the assessment and on the use of human sera.

(iv) better clarity on the use of the overall weight-of-evidence approaches for
protein safety and the aspects needed for expert judgement.

17. The FAO/WHO recently published their reports on the risk assessment of food
allergens. Part 1 reviewed and validated the Codex Alimentarius priority allergen
list through risk assessment (FAO/WHO, 2022a). Part 2 reviewed and established
threshold levels in foods for the priority allergens (FAO/WHO, 2022b).

18. Part 1 included a review of the criteria for exempting foods that are on the
priority allergen list from labelling (FAO/WHO, 2022a). The following
considerations were identified:

(i) is the level of protein likely to cause a reaction (above threshold value)?

(ii) is the type of protein likely to cause a reaction (not all protein in food may be
allergenic)?

(iii) does the production process reduce the potential allergenicity of the food?

(iv) is there an absence of a clinical/biological reactivity in affected individuals?

(v) is the food derivative well-characterised and specified?

19. According to the current EFSA guidance (EFSA NDA Panel, 2016), the
appropriate methods for investigating the potential allergenicity of foods include
the following:

Protein analysis

Protein content in the novel food,
Molecular weight of the potentially allergenic protein, heat stability,
sensitivity to pH, digestibility by gastrointestinal proteases,
Degree of sequence homology with known allergens,
Immunological tests (e.g. western blotting).

Human testing



Detection of specific IgE antibodies,
Skin prick testing,
Double-blind placebo-controlled food challenge studies.

20. In February 2024, EFSA published a consultation document for the proposed
revision of the Guidance on the preparation and submission of an application for
authorisation of a novel food in the context of Regulation (EU) 2015/2283. This
includes an updated section on the assessment of the allergenicity of novel foods
which recognises four classes of novel foods.

21. A summary of the proposed information requirements is shown in Table 1
below:

Table 1: Proposed data requirements for the allergenicity assessment of
novel foods taken from EFSA public consultation document (February
2024).

Class of Novel Food Suggested data requirements

Novel foods with no protein derived
from the production process.

No allergenicity-specific data
requirements.

Novel foods derived from allergenic
foods subject to mandatory allergen
labelling.

Quantify the presence of the known
allergen(s) in the novel food.

Novel foods derived from allergenic
foods not subject to mandatory allergen
labelling.

Prevalence of food allergy.

Type and severity of symptoms.

Potency of allergenic food.

Known clinically relevant allergens in
source of novel food.

Detection, identification, and
quantification of allergenic proteins in
novel food.



Class of Novel Food Suggested data requirements

Novel foods for which the allergenic
potential is unknown.*

 

 

 

Literature search on novel food, its
source, and closely related species.

Identification and characterisation of
protein.

Allergenicity assessment.

* Novel foods for which the allergenic potential is unknown is sub-divided into
single protein or simple protein mixtures, and complex protein mixtures or whole
foods. This distinction recognises the fact that the current allergenicity
assessment approach was designed for single proteins rather than complex
mixtures. The proposed revised guidance document indicates that more
information would therefore be expected with increased complexity compared to
single proteins or simple protein mixtures.

4. Developing an ACNFP view on Allergy Risk
Assessment
22. The ACNFP is currently using the principles of the EFSA Guidance on the
preparation and submission of an application for authorisation of a novel food in
the context of Regulation (EU) 2015/2283 (EFSA NDA Panel, 2016), as the basis
for allergenicity risk assessment. These guidelines incorporate the key principles
from the allergenicity risk assessment of GMO products used as food or feed. This
guidance recognises that “food allergens are mostly protein” and the basis for
allergenicity assessment is “the default assumption for novel foods containing
proteins is that they have allergenic potential.”

23. Since 2016, new considerations have emerged from EFSA and FAO in the past
decade, therefore, it is timely to consider whether there should be changes to the
guidance post-2016, hence the need for a workshop.

24. The aim of this workshop was to provide an overview of the state-of-the-art in
the science of allergenicity risk assessment and to seek views on the needs of the
risk assessment.



25. The workshop was divided into morning and afternoon sessions.

26. In the morning session, two presentations were made as an introduction for
participants who were unfamiliar with the current allergenicity risk assessment
process for novel foods:

Context for the Allergenicity Risk Assessment for New Foods in the UK.
Experience gained from the current EU Approach to the Assessment of
Allergenicity for New Foods.

27. This was followed by question-and-answer sessions which were held after
each talk.

28. Participants were then split into three groups and rotated through three
breakout sessions:

Breakout session 1: Allergen Bioinformatics
Breakout session 2: In vitro approaches
Breakout session 3: Exposure and Thresholds

29. Each group was asked to consider a series of topic related questions during
each breakout session and provide feedback. The questions and an edited
summary of the responses from these sessions are provided in Appendix 1.

30. In the afternoon session, a summary review from each breakout group session
was followed by a round table session featuring all the participants. The
participants were asked to consider how this information could be used to further
develop the assessment of the potential allergenicity of novel foods.

31. The following is a summary of the key comments or questions raised after
each presentation:

Context for the Allergenicity Risk Assessment for New Foods in the UK.

32. The first presentation initially outlined the responsibilities of the FSA and FSS
in the safety assessment of novel foods, including their potential allergenicity.
The role of the ACNFP in the novel food regulatory process was also highlighted.

33. The reasons for reviewing the allergenicity assessment were then considered,
with the key drivers being an increased interest in alternative proteins, the UK
allergic population, and the opportunity to consider this issue in the UK since
leaving the EU.



34. On this basis, the workshop provides the opportunity to bring together the
current thinking on allergenicity assessment, ensure that we are making the best
use of the available tools; ​communicate the approach to applicants, and lastly,
look to the future and consider what might be next.

Question: Why are allergic responses in the UK population
different from other parts of the world?

35. Food allergies are set apart from other toxicological concerns, as immune-
mediated adverse effects can manifest following exposure to a substance due to
a pre-disposition in the biology of some people in the population. This means that
some people could react to an allergen, but many people would not suffer
adverse reactions. Also, for allergens, the classical toxicology concept of the
‘dose makes the poison' does not hold. Sometimes very low intakes or allergens
can lead to a serious allergic response in some pre-disposed consumers. Also, the
science of the immunology of food allergenicity is not fully understood, making
the outcome challenging to risk assess.

36. The observed allergic responses in the clinical setting are very
heterogeneous. The UK has more people with food allergy and different patterns
of allergy compared to Europe or the USA. For example, peanut is a common
allergen in the UK (Stiefel et al., 2017), and Brazil nut consumption in the UK is
linked to more allergic reactions compared to other parts of the world where it’s
less commonly consumed (Weinberger and Sicherer, 2018). Hazelnut is a major
allergen in Europe (Datema et al., 2015), and in Southern Europe, some fruits,
e.g. peach (Puche et al., 2018), are major sources of allergens. The reasons for
these differences are largely unknown.

Question: Is there a link between prevalence of food allergy
and social deprivation in the UK?

37. The relationship between socio-economic status and food allergy in the UK is
unclear. Previous studies have suffered from a number of key limitations,
including insufficient representation of social and demographically diverse
population groups, problems with cohort retention which can potentially increase
bias, relatively small sample sizes, and relevant sociodemographic variables not
reported (Warren and Bartell, 2024).

38. Published studies have noted a relatively greater increase in children
diagnosed with peanut allergy over a 14‐year period (1990–2004) from non‐white



backgrounds (Fox et al., 2019), significantly higher incidence of anaphylaxis
amongst British South Asians compared with those from a White Caucasian
background (Buka et al., 2020), and higher rate of food allergy in non‐white
participants: 5.3% in those from a white background to 19.3% in
Asian/black/Chinese participants (Perkin et al., 2016). Cultural norms and
communication may be a factor, where adherence to advice is reportedly lower in
those from a non‐white background (Perkin et al., 2019). This is a major
knowledge gap because of the potential impact on access to health care, which is
important in terms of dietary advice and risk avoidance (Turner et al., 2021).

Experience gained from the current EU Approach to the Assessment of
Allergenicity for New Foods.

39. The second presentation began by providing an overview of the EU approach
to the allergenicity assessment at the time of the workshop in February 2024. Key
points included the assumption that any protein present may be allergenic, and
the focus of the assessment concerns the cross-reactivity with known food
allergens and not de novo sensitisation. However, it was noted that applicants
were unclear when further analysis or investigation was warranted because there
was no tiering of the data requirements. Also, applicants needed to cross
reference with other EFSA publications during the allergenicity assessment.

40. A review of the data requirements in the guidance was discussed, along with
a review of two previous UK novel food applications – chia seeds (risks managers
advised precautionary labelling based on allergenicity assessment) and bee
venom in honey (not authorised due to potential for serious allergic reactions).

41. Lastly, a summary of the UK experience of the allergenicity assessment under
the EFSA guidance noted the following:

New evidence and thinking emerging from the other areas of food allergy
science provide a basis for considering the approach to the allergenicity of
novel foods.​
Most applicants are not clear on what information they should provide. ​
Characterising the allergenic risks sufficiently can be challenging.
Ensuring the allergenicity assessment is proportionate can be difficult.

Question: What approaches should applicants use to conduct
an allergenicity assessment?



42. The amount and source of the protein in the novel food are key indicators of
potential allergenicity, especially if the new protein is similar to a protein already
known to be an allergen. The potential allergenicity of a protein is assessed based
on information concerning the characterisation of the protein (e.g., molecular
weight, heat/pH stability, digestibility), the degree of sequence homology with
known food allergens and immunological tests (e.g., Western blotting).

43. Further analysis using human subjects may be needed where bioinformatics
indicates potential cross-reactivity with a known food allergen. This could involve
sera testing, skin prick testing or placebo-controlled food challenge. These tests
require prior ethical approval.

44. Specific IgE binding between the novel food and sera from individuals with a
clinically relevant food allergy or positive skin prick tests both confirm IgE
sensitisation. However, confirmation of a food allergy requires a positive result
from a double-blind placebo-controlled food challenge, along with relevant
history, symptoms and time of onset consistent with an IgE-mediated food allergy
to a relevant food, and evidence of sensitisation to that food.  

45. Applicants have difficulty deciding which data to provide or why this is
needed. Typically, they assess the novel food for cross contamination by the
fourteen major allergens (Annex II of assimilated Regulation (EU) No 1169/2011).
They may conduct a bioinformatics analysis or a literature review, but then
struggle with human testing trials, e.g., sample sizes.

46. This is an opportunity to challenge the status quo because it is not always
proteins that cause allergy in consumers. There needs to be an awareness that
non-proteins can also cause allergy. For example, alpha-gal syndrome causes
food allergenic symptoms after the ingestion of meat, although this is currently
the only known example of a non-protein producing a clinically relevant allergenic
reaction in consumers. Some skin reactions can be elicited in food manufacturing
contexts by handling low molecular weight chemicals in fruits or natural
substances from flowers or colophony for example – but this skin allergy (Type IV
b hypersensitivity reaction – see Jutel et al., 2023) was out of scope of this
workshop.

47. There is also a recognition that the production process may impact on the
potential allergenicity of a previously well-characterised protein glycosylation
reactions can occur during prolonged storage or thermal processing. This may
impact on the allergenicity of proteins by altering the structure of the epitope,
revealing hidden epitopes, concealing linear epitopes, or creating new ones.



These changes are difficult to predict because they depend on different factors
(Xu et al., 2024).

48. Thermal processing can also alter the allergenic potential of known food
allergens. For example, boiling can reduce the allergenicity of egg white
(Cherkaoui et al., 2025), whereas scrambled egg white has minimal impact on the
allergenicity (Gantulga et al., 2024). In baked foods, where egg as an ingredient,
the composition of the food matrix can also impact on the allergenicity (Liu et al.,
2024).

49. There is a need to be open to the fact that some of the science in the
FAO/WHO Evaluation of Allergenicity of Genetically Modified Foods report
(FAO/WHO, 2001) is no longer correct and changes need to be made. For
example, to achieve a 95% confidence level that a major allergen is not present
during serum screening, at least six samples of sera must be tested. Statistically,
this number of samples would only provide a 54% confidence level.

Question: Should the allergenicity risk assessment
investigate IgE-mediated allergic reactions only or also
include de novo sensitisation?

50. The European Academy of Allergy and Clinical Immunology (EAACI) recently
published a position paper which proposed nine different classes of
hypersensitivity reaction (Jutel et al., 2023): Type I or IgE-dependent reactions
occur in food allergy and include two distinct phases: a sensitisation phase and an
effector phase. The other hypersensitivity reactions are mediated by antibodies
IgG and IgM (Types II and III), cellular responses (Type IV a, b and c), tissue driven
mechanisms (Types V and VI) or direct response to chemicals (Type VII).
Predominantly, these other types of hypersensitivity reaction have no role in food
allergy. The exception is Type IV b which overlaps with Type I at the final stage
when IgE synthesis is triggered.

51. Other clinically relevant allergies resulting from exposure to food can be
triggered by different pathways. Non IgE-mediated allergies, such as food protein-
induced enterocolitis syndrome, can be serious (Zhang et al., 2021), but currently
there are no biomarkers available. The PAFA report stated that around 1 % of the
respondents have a medical diagnosis for coeliac disease (University of
Manchester et al., 2024). This condition, along with IgE-mediated allergies, have
validated biomarkers. Where there is evidence of sensitisation and elicitation,
there is a potential to induce allergy to a food. However, investigating the de



novo sensitisation potential and subsequent role in the development of a clinical
food allergy is even more challenging than identifying whether a particular
allergen is responsible for a reaction.

52. There should be a recognition that there are gaps in our knowledge and
further research is needed. Currently, there are no scientific models to predict de
novo sensitisation, e.g., from insects, that can be applied in a regulatory setting
(Crevel et al., 2024). From a proportionality perspective, the current tools should
be used to investigate the likelihood for a potential risk based on evidence that a
substance has the potential to act as an allergen. Further, the risk to the
population from consumption of a novel food should be considered. If fewer
people are exposed to the food, in all probability, clinically relevant allergies may
not manifest themselves. However, it cannot be ruled out that a few idiosyncratic
responses could occur that would have been impossible to predict.

53. There is a need to be clearer with risk managers about the current state of
the science.

Question: Should there be a role for post-market monitoring
given the difficulty in predicting allergenicity?

54. It is recognised that this tool has not previously been used as a source of
evidence for the prevalence of allergy but could be flagged as useful. A number of
considerations would need to be addressed – How to collect this information? How
to validate the quality of clinical data? How can potential bias (who responds
and/or who is involved) be addressed? Should public information be included?

55. Research is taking place to consider the best approach for conducting post-
market surveillance and how this data can be used to inform the allergenicity
assessment. Examples include the UK Fatal Anaphylaxis Register, which is funded
by the FSA, and the Monitoring the Safe Introduction of Novel foods (MoSIN)
initiative, which is based in the Netherlands. The UK register is an important
source of information on products because this could provide an early indicator
for potential novel food allergy issues resulting from cross reactivity. This could
also provide an indication where further review or research is needed to
understand the trends seen. However, there is a recognition that funding for
similar initiatives is limited.

56. Post market surveillance of fatal reactions to food is currently not very
effective, and of course, is too late to be protective of the consumer: 29% of
reactions in children and 26% of reactions in adults were recorded as attributed



to food allergy, based on timing, pattern of symptoms, etc, but the food was not
identified.  

57. Attributing reactions to novel foods or foods subject to novel processing
methods is even more challenging. Novel foods are defined in assimilated
Regulation (EU) 2015/2283 as foods that were not used for human consumption
to a significant degree within the (European) Union or the UK before 15 May 1997.
Therefore, a novel food could be a protein extract from a whole food already
consumed in the diet. A lack of clinical reports concerning the allergenicity of the
whole food may not necessarily be a guide to the potential allergenicity of this
protein extract in the future.

58. Investigations into fatal food reactions can be technically inadequate. The
well-known case of Owen Carey’s fatal reaction was first reported to the FSA and
local authority in November 2018 – 18 months after his death. In another case,
Natasha Ednan-Laperouse’s death was first reported to the FSA in April 2018, i.e.,
9 months later. Coroners do not always engage with local or national food
authorities, which means opportunities for obtaining witness statements, food
samples, and product data from suppliers are often missed.

59. Currently, there is limited feedback from clinicians to the food industry and
regulators. More clinical trusts are going digital, so this data should be easier to
capture, e.g., allergy diagnoses are recorded and shared across GPs and health
trusts. There is no national system in place, so information from all clinical trusts
cannot be accessed. In addition, there are issues with the clinical data and the
systems are problematic. The current coding system does not allow the food to be
logged. However, newer systems can permit foods to be entered, but not all food
groups are currently included. Cross-sectional reporting does not work.

60. If this data is not being collected or published, then this information will not
be available for the food allergenicity risk assessment.

4.1  Allergen Bioinformatics Session
61. Allergen bioinformatic tools (see Appendix 1) are used to conduct an in-silico
assessment on the potential cross-reactivity between the protein(s) present in the
novel food with existing known allergens.

62. There was a recognition that the available allergen bioinformatic tools are not
currently adequate to apply with confidence in regulatory assessments. The lack



of transparency regarding the systematic information for each allergen, and the
variation in the inclusion criteria for each allergen in different databases, meant
there is a question regarding the quality of the databases used in the
development of these tools (Mazzucchelli et al., 2018; Radauer and Breiteneder,
2019). To address this issue, clinically relevant allergens should be used to
benchmark the databases by checking the sequences and similarity to known
allergenic proteins.

63. The current databases contain both food and inhalant allergens. In terms of
the novel food allergenicity risk assessment, pollen proteins may or not be
relevant. When genomic data rather than proteomic data is used, clarification on
whether an open reading frame (ORF) results in protein expression and where in
the plant this protein is expressed, is needed. This determination is relevant
because a clinically relevant response requires consumption of the allergen.

64. At the time of the FSA allergenicity workshop, EFSA was conducting a
systematic review of the clinical relevance of the current allergen bioinformatic
tools. This report was not available for review by the FSA or the workshop
participants prior to this meeting taking place.

65. Allergen bioinformatic tools employ a search engine that uses the FASTA local
alignment algorithm (Pearson and Lipman, 1988) or the Basic Local Alignment
Search Algorithm (BLAST) (Altschul et al., 1990). A sliding window analysis of the
amino acid sequence from the novel food protein is used to assess the sequence
homology with known allergens in the database. The default threshold, which was
established by FAO/WHO (2001), is a > 35% sequence identity over a window of
80 amino acids when compared with known allergens. This approach was adopted
by Codex Alimentarius (2003–2009) and EFSA (EFSA GMO Panel 2010, 2011).
However, these algorithms were originally developed for searching for single
proteins from genetically modified organisms (GMOs) and may not be adequate
when applied to a large number of protein sequences (Harper et al., 2012). In
addition, the sliding window is not as helpful in comparison to screening the
whole protein sequencing for cross-reactivity.

66. The current default threshold can produce many false positives or produce a
match with very rare food allergens. Under the current EFSA guidance (EFSA NDA
Panel, 2016), this would lead to the next stage of allergenicity assessment,
detection of specific IgE antibodies. Depending on the availability of sera from
patients with clinically recognised food allergies, this stage of the assessment can
be challenging when the bioinformatics indicates potential cross-reactivity with a
minor allergen.



67. There are also reports of experimental IgE cross-reactivity between proteins
which are below the threshold of > 35% sequence identity over a window of 80
amino acids (D’Avino et al., 2011; Guhsl et al., 2014; Dubiela et al., 2018).

68. Participants noted that the existing bioinformatic tools could be improved and
provide better data than the current versions. Further work is needed to optimise
the allergen databases.

69. Phylogenetic analysis is not currently used in the allergenicity risk assessment
process. However, this approach could be used when the novel food comes from
an organism which is closely related to a priority allergenic food, potentially
reducing the amount of work needed in relation to multi-omic profiling. Phylogeny
would also clearly identify an organism for which there is no history of use as a
food. Further discussion would be needed to decide which tools should be used
and how the information could be integrated into the allergenicity risk
assessment process.

70. Other bioinformatic tools that identify cross-reactive allergens are currently
being developed. 3D modelling of potentially allergenic proteins from novel foods,
as well as 3D epitopes, could provide data that supports the observations from
sequence homology analysis. In-silico human leukocyte antigen (HLA) binding
could provide supporting information because HLA polymorphism has a possible
role in the development of food allergy. However, further research is needed to
clarify the role of HLA (Kostara et al., 2020).

71. In summary, participants recognised that the current allergen bioinformatic
tools used for sequence homology could be improved. The key points were:

Allergen bioinformatic tools cannot be used in isolation and should integrate
other sources of information, e.g. history of use, targeted serum screening,
clinically relevant studies, for example.
The current and newly developed bioinformatic allergen tools should be
validated against known allergens, non-allergens, and weak allergens.
Existing and new databases should be targeted towards clinically relevant
food allergens, for which information is currently available.
The BLAST/FASTA algorithm should be changed to whole protein sequence
similarity. The outcome from this test in terms of cross-reactivity should be
identified. These steps could reduce the number of false positives detected
and the need for further testing under the current EFSA guidelines.
Consideration should be given to incorporating the taxonomic information
into the allergenicity risk assessment process using phylogenetic tools.



3D modelling of epitopes and protein shapes/structures should be
considered, but further work is needed to understand how these models
have been developed, and each model would need validation.
The FSA should consider funding research to clinically validate sequences.

4.2 ​​In vitro Approaches Session
72. There is a recognition that bioinformatics analysis alone will not provide
sufficient information to prospectively identify a potential food allergen. Evidence
for a clinically relevant allergenic response in consumers typically follows
exposure to the food for an extended period of time.

73. No single physicochemical property, such as protein solubility or thermal
stability (i.e., heat treatment during food processing) can predict if a protein is
allergenic (Costa et al., 2022a, b). Nonetheless, in conjunction with other
information, this data can support the weight of evidence approach in
allergenicity risk assessment

74. Food processing is also an important factor in the development of food
allergenicity. Pea protein has widespread use in the production of meat-
substitution products. However, case reports for pea allergy have become more
frequent indicating that switching to a plant-based diet could harbour risks for
certain individuals (Abu Risha et al., 2024).

75. There is no evidence that production processing can completely abolish the
allergenicity of a protein in foods (Verhoeckx et al., 2015). Changes in the
allergenicity have been noted, but this impact does not mitigate the risk
sufficiently. Further research is needed to optimise these methods for different
food types (Günal-Köroğlu et al., 2025).

76. When food processing results in ‘zero’ protein content, i.e., below the limit of
detection, further allergenicity testing may not be needed. However, since novel
foods are complex, any concerns about the potential presence of allergenic
proteins should be investigated further.

77. Digestion tests should be considered as a part of the allergenicity risk
assessment process because the size of peptides or proteins plays a key role in
an IgE-mediated clinically relevant allergic response. Sensitisation and elicitation,
according to the understanding of immunological mechanisms of food allergy
types, require peptide fragments of a minimum size (FAO/WHO, 2024).



78. The nutritional assessment of a novel food usually includes an evaluation of
the protein quality. The internationally recognised approach is the determination
of the Digestible Indispensable Amino Acid Score (DIAAS) (FAO/WHO, 2013).  As a
novel food, this would typically involve an in vivo assay for determining the true
ileal amino acid digestibility. In vitro assays have been also developed, but to
date, none have international accreditation, e.g. OECD. Rather than perform two
separate digestions studies for nutrition and allergenicity, consideration should be
given to combining these two assays.

79. The IgE binding and cross-reactivity potential of a protein can be assessed
using enzyme linked immunosorbent assays (ELISA), immunoblotting,
radioallergosorbent test (RAST), etc. Currently, the FAO/WHO guidance
recommends 6 sera to demonstrate that a protein is a major allergen, with 95%
confidence (FAO/WHO, 2001). This level of confidence was queried by
participants. HLA recognition may also provide relevant information, but the role
of this molecule in a clinically relevant allergic response remains unclear.

80. IgE binding does not indicate that a clinically relevant reaction will take place.
The presence of specific IgE in plasma reflects sensitisation to a given allergen
but does not predict that an allergic reaction will occur if the subject is exposed
again to the same allergen. Roberts et al., (2016) report that 50% of patients with
an allergen specific IgE concentration above the cut-off value do not have food
allergy.

81. Therefore, a subsequent step might be needed to evaluate the clinical
relevance of the in vitro IgE binding with ex vivo/in vitro functional testing
strategies (Codex Alimentarius, 2003–2009; EFSA GMO Panel, 2010, 2011;
Verhoeckx et al., 2016).

82. The final use of the protein could inform the allergenicity risk assessment
strategy. A suggested pathway could involve reviewing the history of safe use by
literature survey and taxonomy, determining the protein content, bioinformatic
analysis, in vitro testing, and clinical testing (the ethnicity of the test subjects
should be considered).

83. In summary, participants recognised that the current in vitro approaches
could be refined. The key points were:

Food processing does not significantly reduce the allergenic potential of
protein in foods. However, ‘zero’ protein levels (below the limit of detection)
in a novel food may not require further allergenicity testing.



Although no single physicochemical property of the protein can predict
allergenicity, in conjunction with other information, this data could support
the weight of evidence approach in allergenicity risk assessment.
Consideration should be given to combining the nutrition assessment of the
digestibility of the novel food with the allergenicity assessment to reduce
work.
Analytical labs involved in testing and developing methods should have the
appropriate accreditation. Protocols should be validated by recognised
organisations or by conducting ring trials in different accredited laboratories.
Investigate using NHS data in the allergenicity risk assessment from patient
admissions and/or allergy clinics. Mandatory reporting for patients admitted
with anaphylaxis is recommended.

4.3 Exposure and Threshold Session
84. Protein levels in the novel food should be determined as accurately as
possible. FAO/WHO provides a summary of the analytical techniques available for
accurately determining the protein content (Table 1, FAO/WHO, 2024). As each
method has drawbacks, the suggested FAO/WHO strategy is to use more than one
method, but with each chosen method based on different principles (e.g., amino
acid analysis and Bradford assay).

85. Further work on allergenicity assessment of novel foods is planned to follow
the outcome of this workshop. As part of this, the FSA will explore whether
applicants need to provide justification on which analytical method they have
used and how appropriate this is for the proteins present in the novel food. 

86. An exposure assessment using this analytical data should be conducted to
estimate the protein intake. Where an exposure assessment on the estimated
protein intake is found to be lower than Reference dose (RfD) / 30, further
allergenicity testing may not be necessary. The RfD/30 value appears to provide
an adequate margin of safety for risk assessments (FAO/WHO, 2024).

87. Reference doses are based on whole foods and not individual proteins. The
assessment should use the lowest reference dose for all allergens, which is 1 mg
for mustard, or use proteins from similar families as a starting point. When low
levels of protein detected, the severity of the allergic response in analogous
proteins should be considered. If the protein is unknown and/or from a new
source, the worst-case reference dose for priority allergens could be used.



88. When protein is present as a contaminant, e.g., from genetically modified
microorganisms (GMM) used in the production of a novel food, an approach
similar to the threshold of toxicological concern could be helpful.

89. The development of analytical tests and protocols for assessing allergenicity
may be needed. Laboratories conducting this work should have the appropriate
accreditation. Where possible, protocols should also be accredited by recognised
organisations, e.g., OECD, or ring trials should be conducted in a few validated
laboratories. 

90. In summary, participants recognised that the following approaches could be
useful in the allergenicity risk assessment. They key points were:

Provide guidance for applicants concerning the appropriate strategies for
determining the protein content of a novel food. FAO/WHO (2024) describes
a recommended approach and limit of detection.
Where protein exposure levels from the novel food are less than RfD/30, this
may indicate that further allergenicity testing is not needed.
Reference doses could still be used for protein(s) from foods that are
unknown and/or from a new source.
Analytical labs involved in testing and developing methods should have
appropriate accreditation. Protocols should be validated by recognised
organisations or by conducting ring trials in different accredited laboratories.

5. Round Table Discussion
91. Participants agreed that a flow chart should be developed that clarifies each
step in the allergenicity risk assessment. Currently, there is relevant information
scattered across FAO/WHO documents, EFSA publications and the published
scientific literature (e.g., Verhoeckx et al., 2016) that could be integrated into a
very direct workflow.

92. There is already a tiered approach to toxicology testing for foods, so this
strategy could be adapted for allergenicity. There are questions that need to be
addressed concerning the entry point for the allergenicity risk assessment, as well
as the use of other information generated during the novel food safety
assessment, e.g., nutritional assessment and protein digestibility. 

93. A framework should be developed to clarify the triggers that lead to the next
tier of allergenicity risk assessment. This should be based on a weight of evidence
approach that is linked to the mechanism of the allergenic response. The



information could also act as a trigger for a specific risk management strategy.

94. A list of validated methods and protocols should be provided for each stage of
testing with further assistance from signposting relevant published guidance and
papers.

95. An alternative approach to the flow chart strategy was discussed. This utilised
a matrix system whereby results generated through tiered allergenicity testing,
e.g., bioinformatics analysis, in vitro testing, etc, would be allocated a value. The
cumulative testing score would inform on the level of concern for the novel food
and help to inform the risk management strategy. 

96. An important query was raised regarding Article 4 of assimilated Commission
Regulation (EU) 2015/2283 which concerns the determination of the status of a
novel food. When a food is found to be not novel due to a prior history of
consumption within the UK or EU, no authorisation is required. Under these
circumstances potentially allergenic foods would not undergo any form of
allergenicity risk assessment prior to marketing. This in turn would mean that the
FSA would have no opportunity to consider any appropriate risk management
measures for this food.

97. Participants also discussed several other related topics linked to the
allergenicity risk assessment which are summarised below.

98. For sequence homology, the current threshold of concern is a > 35%
sequence identity over a window of 80 amino acids (FAO/WHO, 2001), which
triggers further studies under the current guidance. The significance of this
threshold value and whether this realistically identifies a food allergen was
questioned. Increasing the threshold was suggested, but no definitive value was
identified. There was also uncertainty over what influence the degree of sequence
homology should have over the next steps in the allergenicity risk assessment.    

99. The NHS has access to clinical data that could inform on both risk assessment
and risk management of potential allergens in a novel food. However, there was a
recognition that there is a problem with the national clinical database
infrastructure, as well as the collection of relevant data concerning clinically
relevant allergies. Further analysis and collaboration between FSA and DHSC are
needed to address how this data could be made available and incorporated into
the allergenicity risk assessment. There was also a recommendation that the
mandatory reporting of patients admitted with anaphylaxis should be considered.



100. The use of post-market monitoring could potentially be used to track what is
happening in the real world in terms of allergic responses in consumers of novel
foods. This strategy is not currently used in allergenicity risk assessment, but
there is research in this area. The FSA currently funds the UK Fatal Anaphylaxis
Register which could be a source of information for the allergenicity risk
assessment for novel foods. Further investigation would be needed to decide how
much emphasis should be placed on this data and how should this information be
collected.

101. Cats, dogs, and horses reportedly develop food allergies like humans (Pali-
Scholl et al., 2017). There is currently little information about the specific
molecules that are responsible for the allergic reactions seen in these animals;
however, current reports indicate the development of food allergies are similar.
Potentially, veterinary reports concerning animal feed may provide supporting
information that could be utilised the allergenicity risk assessment. Participants
recognised that more in-depth research would be needed to evaluate this
approach.

102. Nutritional information, including amino acid content and protein quality, is a
key part of the overall novel food safety assessment. The digestible indispensable
amino acid score (DIAAS) is an internationally recognised method for determining
the quality of protein. Since this method requires in vivo digestibility data, further
work on adapting the DIAAS protocol should be considered.

103. IgE binding and cross-reactivity testing is the next tier of the current
allergenicity assessment when bioinformatic analysis of the novel food exceeds
the threshold of concern. The FAO/WHO guidance provides recommendations on
the number of sera samples that should be tested for major and minor allergens
(FAO/WHO, 2001). However, applicants encounter difficulties sourcing sufficient
samples to conduct serum screening, particularly for minor allergens. Participants
recognised that applicants need further assistance in this area.

6. Draft Workflow for further guidance
104. Based on the feedback from participants during the breakout sessions, and
the subsequent round table discussion, a draft workflow for further guidance to
support applicants during the novel food allergenicity risk assessment process
was developed (Diagram 1). Additional information from relevant FAO
publications, EFSA reports, and published peer review papers was also
incorporated into this diagram.



105. The diagram is intended to be used as a starting point for the ACNFP for
consideration during their revision of the guidelines for the novel food
allergenicity risk assessment.

7. Conclusion
106. The FSA hosted an Allergenicity Workshop in February 2024 following a
request from the ACNFP to consider revising the guidelines and developing a
clearer framework for the allergenicity risk assessment process.

107. Food allergy experts from a range of perspectives were brought together in
order to gather their viewpoints on the current and future approaches in
allergenicity risk assessment. Participants worked in small breakout groups to
review key topics on food allergenicity and were then invited to take part in a
round table discussion to review their findings and make recommendations.

108. Based on these discussions, and other supporting sources of information
(FAO publications; EFSA reports; published peer review papers) a draft workflow
was developed. This template will be used as a starting point to revise the
guidelines for the novel food allergenicity risk assessment.
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Appendix 1: Questions and summary of
responses from each breakout session

Breakout Group 1: Allergen Bioinformatics

Question: Is the current use of bioinformatic tools providing the best
data to inform the allergenicity assessment? If not, how should they be
adapted in light of scientific developments?

Tools need updating to account for protein shape.
Inadequate standard as what should be included in bioinformatic database,
i.e., clinical relevance; drives potential false positives which take
time/resources to explain.
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Bioinformatic results on secondary amino acid sequences do not consider
tertiary structure or glycosylation impact on homology similarity to known
allergens – best data to compare with known allergens.
Only useful for known allergens.
No because giving too many false positives and negatives.
If bioinformatic tools are not fit for purpose, why use them?

Question: What further information could additional use of bioinformatic
tools provide to risk assessors?

Relevance? Is there going to be a cross-reactivity issue?
CROs need to be set-up to generate data.
Taxonomic/phylogenetic relationships can drive assessment.
Sequence alone is not as useful as topology.
Use related proteins, e.g., legumes, crustaceans, of known allergens – do we
use epitope or whole protein?

Question: What dataset(s)/tool(s) should the applicant use? What cut-off
for amino acid homology should be used? How should this information
be used?

Complete database required, but where is data coming from? No ‘hits’ may
mean no dat.
Use CRO knowledge to focus on what to look for?
Update database – major and minor allergens – prevalence – clinical
relevance – severity – delete fragments – only perform further studies when
protein is homologue to clinically relevant protein.
DBPCFC for those who are allergic and interested in novel food.
Describe the problem – describe the need for a solution – sell it to senior
FSA, then other interested parties – appeal to variety of motivations.

Question: Are there any approaches are not being used?

Look at HLA binding and tertiary modelling – could be beneficial especially in
adverse outcome pathway.
Expert driven ‘black box’ algorithms currently using 1996 technology.
Scientific information on topology and glycosylation patterns – information is
not available to CROs.
Quality standards for data for inclusion of sequences in bioinformatic
databases – clinical relevance; weight/degree of potency.



Food challenge data.
Consideration of shape of epitope during processing.
In-silico database based on allergen/non-allergen. What is their value if they
are not correct?

Question: Based on the available tools, what would be the preferred
approach for assessing the allergenicity of foods?

Small peptides may present an immunological risk or allergenicity potential.
Would not use bioinformatic tools for this scenario – need to confirm
reactivity potential.
Stepwise approach – phylogenetics tree – look at clinical anaphylaxis data for
related proteins – where still considered, immunoblot with pooled allergic
sera.
Phylogenetic tree – clinical testing.
Use information to determine relevance of the homology – severity and
clinical relevance = yes then testing; minor allergen that is not clinically
relevant and no sera = no testing.

Question: How could this data be optimised to support the weight of
evidence assessment of allergenicity?

Is this a cross-reactivity issue?
Early step: known protein = NF protein – proteomics useful for determining if
this is like a known allergen – check relationship using multiple sources of
information – assessment of known protein: clinical prevalence and
relevance, bioinformatics, and exposure data.
Lower false positives – better databases – test less protein (below threshold
levels) – use other criteria for homology – list those that are not clinically
relevant.
Sensitisation does not always translate into allergy – in vivo tests are needed
.
There is a pressing need to validate bioinformatic data suggesting risk to
real life experience: bioinformatic and clinical post-market data.

Breakout Group 2: In vitro approaches

Question: What physicochemical characteristics need to be assessed
when considering potential allergenicity of proteins from foods? Are
some factors more important than others?



Not just protein that cause allergenicity.
How to measure protein content? (Table 1; Codex Part IV).
How does the production affect the final product? May include residual
fragments.
Impact on solubility.
Consider the impact of digestion; impact of (heat-) processing – relevant to
(potential) usage.; impact of different extraction processes.
Final usage should inform testing.
Is there too much “noise” and uncertainty such that this all this information
becomes unhelpful?

Question: What recognised or validated in vitro tests are currently
available? Are there any approaches that are not being used?

ELISA +/- inhibition assays.
IgE immunoblot, also IgA and IgG for sensitisation potential.
HLA recognition which is important for coeliac disease; has not been
validated for other allergies.

Question: Based on the currently available in vitro tests, what would be
the preferred approach for assessing the allergenicity of new foods?

In-silico to in vitro (purified whole extract) to ex vivo (whole food) to food
challenge (whole food) – continued testing where results indicate.
Accredited laboratories and protocols – regulator proscribed.

Question: How could the results from in vitro studies complement other
data in a weight of evidence approach to the allergenicity assessment?

Testing to be targeted based on previous usage of protein.
Use phylogenetics to look at taxonomic relationships.

Question: How can these tests help bridge the gap between useful data
and information that is clinically relevant to the UK allergic population?

Use sera from UK patients.
Need for post-marketing surveillance data.
NHS data and mandatory notification for food related anaphylaxis.
Look for discordance between testing and clinical allergy.



Breakout Group 3: Exposure and Thresholds

Question: What can we learn from the work on thresholds that could
inform the approach to the allergenicity assessment?

Consumers could react to very low levels of protein = no zero risk.
Dose response relationship – reactivity and sensitivity – clinically objective
reactions.
Food consumption should be considered – use a Threshold of Toxicological
Concern approach?
Should we use worst case scenario for novel foods? Exemptions? Use
existing data or for novel foods, do we need new threshold data?
Group allergens – should we threshold level for all?
Exposure is a key factor – food oral challenges – consider peptides or whole
ingredient/product?

Question: How should exposure assessments inform the risk assessment
of potential food allergens?

Compare novel food with existing protein – literature search should not be
excluded.
How many people consume product? Consider where used as an ingredient.
Comparison with similar products – additional testing if above reference dose
.
Exposure assessment should inform – consider high risk populations – inform
degree of concern.
Some novel foods, e.g., insects, contain a lot of protein.

Question: Is there a protein content below which no further questions
need to be asked, or should further scrutiny always take place
regardless of protein content (threshold levels)?

Agree – no further testing required if below.

Question: What factors should be considered in setting a level of protein
below which serious reactions are not expected?

Existing threshold data; literature review and/or other information; worst
case scenarios; similar proteins.
Programme for review.



Severity of reactions, but unpredictable.

Question: Are all analytical methodologies appropriate to support
developing and applying a threshold approach or should specific tests
be requested?  Are there current approaches that should not be used?

Protein content testing is appropriate – sensitivity and precision?
Make sure applicants understand requirements.
Good lab procedures – quality control; accreditation; transparency; data
traceability.

Appendix 2: Allergen Bioinformatic Tools
Table 2: List of Allergen Bioinformatic Tools.

Tool Name Functionality

Allermatch

An online tool which undertakes FASTA analysis according to
the CODEX recommended approaches using a custom
sequence database which comprises protein sequences
annotated as allergens from The UniProt Protein
Knowledgebase.

The list of allergen nomenclature of the joint World Health
Organization and International Union of Immunological
Societies.

The Comprehensive Protein Allergen Resource (COMPARE).

Retrieved sequences are compiled in the
AllergenDB_original_sequences database which are then
automatically processed to remove signal- and pro-peptides.
Allermatchtm database as of 04-NOV-2022 contained 2569
polypeptide sequences (2255 UniProt ids, 29 UniProt ids with
multiple polypeptide chains, and 314 GenBank RefSeqProtein
ids). It is hosted by WFSR (Wageningen University and
Research, and Bioscience - Wageningen University and
Research) and is regularly updated (last update 05-SEP-2022).



Tool Name Functionality

Allergenonline

Undertakes FASTA sequence alignment like the AllermatchTM

tool but using the curated AllergenOnline database which is
peer reviewed. It is hosted by the Food Allergy Research and
Resource Programme at the University of Nebraska at Lincoln,
USA.

COMPASS and
COMPARE

COMPASS (COMPare Analysis of Sequences with Software)
which undertakes FASTA sequence alignment as AllermatchTM

using the COMPARE (Comprehensive Protein Allergen Resource)
database. The allergen sequences included in the database
undergo a review process prior to inclusion. It is supported
through a collaborative effort of the HESI (Health and
Environmental Sciences Institute) Protein Allergens, Toxins, and
Bioinformatics (PATB) Committee.

AlgPred 2.0

A custom database comprising allergenic and non-allergenic
sequences is taken from COMPARE, Allergen Online, AlgPred,
AllerTop and Swiss-Prot. It contains 10075 allergens and 10075
non-allergen sequences which were used to develop and
validate the machine learning approaches developed for
analysis. Sequences can be queries using BLAST or two
different machine learning algorithms. It also allows motif and
epitope searching using different methods. It is hosted by the
Institute of Microbial Technology, Okhla Phase 3, New Delhi,
India and is supported by Council of Scientific and Industrial
Research (CSIR) and Department of Biotechnology (DBT),
Government of India.



Tool Name Functionality

AllerTOP

The method uses Auto and Cross-Covariance (ACC) analysis
where the properties of each amino acid is represented by five
E descriptors (Venkatarajan and Braun, 2001) which spans
amino acid hydrophobicity, molecular size, helix-forming
propensity, relative abundance of amino acids, and β-strand
forming propensity. The proteins are then classified by k-
nearest neighbour algorithm (kNN,k=1) based on a training set
containing 2427 known allergens from different species and
2427 non-allergens. The tool is hosted by Department of
Chemistry, Faculty of Pharmacy at the Medical University of
Sofia, Bulgaria.

AllergenFP

This algorithm builds on AllerTOP and transforms subsets of
allergens and non-allergens into matrices to give each protein a
unique binary fingerprint. Tanimoto coefficients are calculated
for all protein pairs in the set and used to classify the protein
sequences. The tool is hosted by Department of Chemistry,
Faculty of Pharmacy at the Medical University of Sofia, Bulgaria.



Tool Name Functionality

AllerCatPro

AllerCatPro 2.0 uses a manually curated sequence databases
comprising 218 allergens and 212 (likely) non-allergens) and a
3D/model database comprising 714 allergens. The tool then
first identifies coeliac toxic motifs from the allergen online
database.

Sequences are subject to a BLASTP search and those identified
with positive hits are then evaluated against our 3D
model/structure database of known allergens (E-value 0.001)
using a surface homology analysis to assess the similarity of
the 3D surface epitope Outcomes are that a proteins is a
potential allergens with ‘strong evidence’ if the sequence
identity of 3D surface epitope is >93% (this cutoff is 92% if
Gluten-like Q-repeats are found in the query sequence).
Otherwise, they are classified as having ‘weak evidence’ of
being an allergen. If no structural hits are identified he linear-
window approach is then applied as per the CODEX
recommendations. If no hit is found, a hexamer hit approach is
taken. The tool is hosted by the Agency for Science, Technology
and Research, Singapore (A*STAR).

Aller-Hunter Combines BLAST and a MV approach.

Allermatch (Fiers et al., 2004) https://www.allermatch.org/index.html

Allergenonline (Goodman et al., 2016) http://www.allergenonline.org/

COMPASS and COMPARE (van Ree et al., 2021) https://comparedatabase.org/

AlgPred 2.0 (Sharma et al., 2021b) https://webs.iiitd.edu.in/raghava/algpred2/

AllerTOP (Dimitrov et al., 2014a) https://www.ddg-pharmfac.net/AllerTOP

AllergenFP (Dimitrov et al., 2014b) https://ddg-pharmfac.net/AllergenFP/

AllerCatPro (Nguyen et al., 2022) https://allercatpro.bii.a-star.edu.sg/

Aller-Hunter (Muh et al., 2009) No longer available.


