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Abstract: Edible insects are considered a promising alternative source of protein for human
consumption, as they have high nutritional value and low environmental impact. However,
the safety of insect consumption, especially in terms of allergenicity, is still a matter of
concern. This review aims to summarize the current knowledge on the allergens from edible
insects, their cross-reactivity with other sources of allergens, and the effects of processing and
digestion on their allergenic potential. The main allergens identified so far in edible insects
are tropomyosin and arginine kinase, which are also present in crustaceans, mites, and other
arthropods. These allergens can cause allergic reactions in individuals sensitized to shellfish
or house dust mites, as well as in insect-allergic patients. Other potential allergens, such as
actin, myosin, sarcoplasmic calcium-binding protein, and vitellogenin, have been reported in
some insect species. The allergenicity of insect proteins may vary depending on the insect
species, the route of exposure (ingestion or inhalation), the processing methods (e.g., heating,
drying, grinding), and the digestive conditions. Some studies have shown that thermal
processing and enzymatic hydrolysis can reduce or abolish the IgE-binding capacity of insect
proteins, while others have reported an increase or no effect. More research is needed to
identify the major and minor allergens from different edible insects, to evaluate their
prevalence and clinical relevance in different populations, to assess the impact of processing
and digestion on their allergenicity, and to develop reliable diagnostic and therapeutic tools
for insect allergy.

Introduction:

The global population is expected to reach 9.8 billion by 2050, posing a challenge for food
security and sustainability [1]. The current animal-based protein production is associated with
high environmental costs, such as greenhouse gas emissions, land use, water consumption,
and biodiversity loss [2]. Therefore, alternative and more sustainable sources of protein are
needed to meet the increasing demand for food. Edible insects are considered one of the most
promising solutions, as they have high nutritional value, low environmental impact, and
potential socio-economic benefits [3].

Edible insects are defined as insects that are used for human consumption at some stage of
their life cycle [4]. According to the Food and Agriculture Organization of the United Nations
(FAO), more than 2000 insect species are consumed by humans worldwide, mainly in Asia,
Africa, and Latin America [5]. The most commonly consumed insects include beetles
(Coleoptera), caterpillars (Lepidoptera), bees, wasps and ants (Hymenoptera), grasshoppers,
locusts and crickets (Orthoptera), cicadas, leathoppers, planthoppers, scale insects and true
bugs (Hemiptera), termites (Isoptera), dragonflies (Odonata), flies (Diptera), and cockroaches
(Blattodea) [5].
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Edible insects have a high protein content, ranging from 40% to 75% of dry weight,
depending on the insect species and developmental stage [6]. They also provide essential
amino acids, fatty acids, minerals, vitamins, and bioactive compounds [6]. Moreover, edible
insects have a high feed conversion efficiency, meaning that they can produce more edible
biomass with less feed input than conventional livestock [7]. They also emit less greenhouse
gases and ammonia than cattle or pigs [8], require less land and water than cattle [9], and can
be reared on organic waste or by-products [10].

However, despite these advantages, the safety of insect consumption, especially in terms of
allergenicity,

is still a matter of concern. Allergies are hypersensitive immune reactions to normally
harmless substances (allergens) that can cause various symptoms ranging from mild (e.g.,
skin rash, itching, sneezing) to severe (e.g., anaphylaxis) [11]. Food allergy is one of the most
common types of allergy, affecting about 10% of adults and 8% of children worldwide [12].
The most common food allergens include milk, eggs, peanuts, tree nuts, fish, shellfish, soy,
wheat, and sesame [13]. However, other foods, such as fruits, vegetables, seeds, spices, and
insects, can also cause allergic reactions in some individuals [14].

Insects are known to be a source of inhalant allergens that can cause respiratory and skin
symptoms in occupationally exposed workers or in individuals living in infested
environments [15]. However, insects can also be a source of food allergens that can cause
oral, gastrointestinal, and systemic symptoms in consumers [16]. The characterization of
insect allergens, the sensitization and cross-reactivity mechanisms, and the effects of food
processing and digestion represent crucial information for risk assessment and management
of insect allergy.

This review aims to summarize the current knowledge on the allergens from edible insects,
their cross-reactivity with other sources of allergens, and the effects of processing and
digestion on their allergenic potential. The review also discusses the challenges and
perspectives for future research on insect allergy.

Allergens from Edible Insects:

An allergen is a molecule that can induce an IgE-mediated immune response in susceptible
individuals [17]. Allergens can be classified into different categories based on their origin
(animal or plant), their source (food or inhalant), their structure (protein or carbohydrate),
their function (enzymatic or structural), and their distribution (pan-allergen or species-
specific) [18].

Proteins are the most common type of allergens, as they have a high molecular weight, a
complex structure, and a specific function that can be recognized by the immune system [19].
However, some carbohydrates, such as alpha-galactose (alpha-gal) and cross-reactive
carbohydrate determinants (CCDs), can also act as allergens or modulate the IgE-binding
capacity of proteins [20].

Insects, as well as other arthropods, have a large repertoire of proteins that can act as
allergens. These proteins can be classified into two main groups: pan-allergens and species-
specific allergens [21].

Pan-allergens are proteins that are widely distributed among different taxa and share a high
degree of sequence homology and structural similarity [22]. Pan-allergens can cause cross-
reactivity, meaning that IgE antibodies directed against one allergen can also bind to
homologous allergens from different sources [23]. Cross-reactivity can result in co-
sensitization, meaning that exposure to one allergen can induce sensitization to another
allergen, or in co-recognition, meaning that sensitization to one allergen can induce
recognition of another allergen without clinical symptoms [24].
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The most common pan-allergens identified in insects are tropomyosin and arginine kinase,
which are also present in crustaceans, mites, and other arthropods [25]. Tropomyosin is a
muscle protein that regulates the contraction and relaxation of actin and myosin filaments
[26]. Arginine kinase is an enzyme that catalyzes the reversible transfer of a phosphate group
from ATP to arginine, generating phosphoarginine and ADP [27]. Both tropomyosin and
arginine kinase are highly conserved proteins that play essential roles in muscle metabolism
and function [28].

Tropomyosin is considered the major allergen in crustaceans, such as shrimp, crab, lobster,
and crayfish [29]. Tropomyosin can also cause allergic reactions to insects, such as
cockroaches, moths, butterflies, beetles, and ants [30]. Moreover, tropomyosin can cause
cross-reactivity between crustaceans and insects, as well as between insects and mites, which
are also a common source of inhalant allergens [31].

Arginine kinase is considered a minor allergen in crustaceans, but it can also cause allergic
reactions to insects, such as cockroaches, beetles, and caterpillars [32].

Arginine kinase can also cause cross-reactivity between crustaceans and insects, as well as
between insects and nematodes, which are parasitic worms that can infect humans and
animals [33].

Other pan-allergens that have been reported in insects include actin, myosin, sarcoplasmic
calcium-binding protein (SCP), and vitellogenin [34]. Actin and myosin are muscle proteins
that form the contractile apparatus of muscle cells [35].

SCP is a protein that binds calcium ions and regulates muscle contraction and relaxation [36].
Vitellogenin is a precursor protein of egg yolk that is involved in reproduction and
development [37].

These proteins have been identified as allergens in some insect species, such as silkwormes,
mealworms,

locusts, and bees [38].

However, their cross-reactivity with other sources of allergens has not been extensively
studied.

Species-specific allergens are proteins that are unique or highly divergent among different
taxa and share a low degree of sequence homology and structural similarity [39]. Species-
specific allergens can cause specific sensitization or recognition of one source of allergen
without cross-reactivity with other sources [40].

The identification of species-specific allergens from insects is challenging, as they require the
availability of purified natural or recombinant allergens, as well as the availability of specific
IgE from insect-allergic patients [41]. Moreover, species-specific allergens may vary
depending on the insect species, developmental stage, sex, and tissue [42].

Some examples of species-specific allergens from insects include peritrophins, chitinases,
and odorant-binding proteins [43]. Peritrophins are proteins that are associated with the
peritrophic matrix, a chitin-containing structure that surrounds the food bolus in the insect gut
[44]. Chitinases are enzymes that degrade chitin, a polysaccharide that forms the main
component of the insect exoskeleton [45]. Odorant-binding proteins are proteins that bind and
transport odorant molecules to olfactory receptors in the insect antennae [46]. These proteins
have been identified as allergens in some insect species, such as cockroaches, moths,
butterflies, and beetles [47]. However, their clinical relevance and cross-reactivity with other
sources of allergens are not well understood.
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Cross-Reactivity of Insect Allergens:

Cross-reactivity of insect allergens can occur at different levels: within the same insect order
or family, between different insect orders or families, and between insects and other
invertebrates or vertebrates [48].

Cross-reactivity within the same insect order or family can be explained by the high degree of
sequence homology and structural similarity among allergens from closely related insect
species [49]. For example, tropomyosin from different species of cockroaches (Blattodea) can
share up to 98% of amino acid identity and cause cross-reactivity among cockroach-allergic
patients [50]. Similarly, tropomyosin from different species of moths and butterflies
(Lepidoptera) can share up to 97% of amino acid identity and cause cross-reactivity among
moth- or butterfly-allergic patients [51].

Cross-reactivity between different insect orders or families can be explained by the presence
of conserved domains or epitopes among allergens from distantly related insect species [52].
For example, tropomyosin from cockroaches (Blattodea) and beetles (Coleoptera) can share
up to 85% of amino acid identity and cause cross-reactivity among cockroach- or beetle-
allergic patients [53]. Similarly, arginine kinase from cockroaches (Blattodea) and caterpillars
(Lepidoptera) can share up to 79% of amino acid identity and cause cross-reactivity among
cockroach- or caterpillar-allergic patients [54].

Cross-reactivity between insects and other invertebrates or vertebrates can be explained by
the presence of common evolutionary ancestors or convergent evolution among allergens
from different phyla or classes [55]. For example, tropomyosin from insects (Arthropoda) and
crustaceans (Arthropoda) can share up to 80% of amino acid identity and cause cross-
reactivity among insect- or crustacean-allergic patients [56]. Similarly, arginine kinase from
insects (Arthropoda) and nematodes (Nematoda) can share up to 64% of amino acid identity
and cause cross-reactivity among insect- or nematode-allergic patients [57].

The clinical implications of cross-reactivity of insect allergens depend on various factors,
such as the route of exposure (ingestion or inhalation), the degree of sensitization (primary or
secondary), the level of IgE-binding (low or high), and the presence of symptoms
(asymptomatic or symptomatic) [58]. Cross-reactivity can result in primary sensitization,
meaning that exposure to one source of allergen can induce IgE production and allergic
reactions to that source. Cross-reactivity can also result in secondary sensitization, meaning
that exposure to one source of allergen can induce IgE production but not allergic reactions to
that source. Secondary sensitization can lead to co-recognition, meaning that IgE binding to
another source of allergen can occur without clinical symptoms. Alternatively,

secondary sensitization can lead to co-sensitization,

meaning that IgE binding to another source of allergen can cause clinical symptoms [59].

The diagnosis and management of cross-reactivity of insect allergens are challenging,

as they require the identification of the primary sensitizer,

the evaluation of the clinical relevance of the cross-reactive allergens, and the avoidance of
the relevant sources of allergens [60]. The diagnosis of cross-reactivity of insect allergens can
be performed by using different methods, such as skin prick tests, serum-specific IgE tests,
basophil activation tests, and oral food challenges [61]. However, these methods have some
limitations, such as the availability and standardization of the allergen extracts, the specificity
and sensitivity of the IgE assays, the variability and reproducibility of the basophil responses,
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and the safety and feasibility of the food challenges [62]. Therefore, more reliable and
accurate diagnostic tools are needed to improve the diagnosis of cross-reactivity of insect
allergens.

The management of cross-reactivity of insect allergens can be achieved by using different
strategies, such as avoidance, pharmacotherapy, immunotherapy, and dietary intervention
[63]. Avoidance is the primary strategy to prevent allergic reactions to cross-reactive
allergens, but it can be difficult to implement due to the widespread distribution and hidden
presence of some sources of allergens [64]. Pharmacotherapy is the secondary strategy to
treat allergic symptoms to cross-reactive allergens, but it can have side effects and does not
modify the underlying immune response [65]. Immunotherapy is the tertiary strategy to
induce tolerance to cross-reactive allergens, but it can have adverse reactions and its efficacy
and safety are still under investigation [66]. Dietary intervention is a novel strategy to
modulate the immune response to cross-reactive allergens, but its mechanisms and outcomes
are still unclear [67].

Effects of Processing and Digestion on Insect Allergens:

The allergenic potential of insect proteins can be influenced by various factors, such as
processing and digestion [68]. Processing refers to any physical, chemical, or biological
treatment that modifies the properties or characteristics of a food product [69]. Digestion
refers to any enzymatic or non-enzymatic process that breaks down food components into
smaller molecules in the gastrointestinal tract [70].

Processing can affect the solubility, stability, structure, conformation, and immunoreactivity
of insect proteins [71]. Processing can have different effects on insect allergens depending on
the type of processing method (e.g., heating, drying, grinding), the type of insect species
(e.g., beetle, caterpillar), and the type of insect protein (e.g., tropomyosin, arginine kinase)
[72].

Some studies have shown that processing can reduce or abolish the IgE-binding capacity of
insect proteins by altering their structure or conformation [73]. For example,

thermal processing (e.g., boiling, frying, baking) can decrease or eliminate the IgE-binding
capacity of tropomyosin from silkworms, mealworms, and locusts by denaturing or
aggregating the protein molecules [74].

Similarly, chemical or enzymatic hydrolysis (e.g., acid, alkali, pepsin, trypsin) can decrease
or eliminate

the IgE-binding capacity of tropomyosin from silkworms, mealworms, and locusts by
cleaving or degrading the protein molecules [75].

Other studies have shown that processing can increase or have no effect on the IgE-binding
capacity of insect proteins by exposing new epitopes or preserving their structure or
conformation [76]. For example, thermal processing (e.g., boiling, frying, baking) can
increase or have no effect on the IgE-binding capacity of arginine kinase from silkworms,
mealworms, and locusts by unfolding or stabilizing

the protein molecules [77].

Similarly, chemical or enzymatic hydrolysis (e.g., acid, alkali, pepsin, trypsin) can increase or
have no effect on the IgE-binding capacity of arginine kinase from silkworms, mealworms,
and locusts by releasing or retaining the protein molecules [78].

Digestion can also affect the solubility, stability, structure, conformation, and
immunoreactivity of insect proteins [79]. Digestion can have different effects on insect
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allergens depending on the type of digestive condition (e.g., pH, temperature, enzymes), the
type of insect species (e.g., beetle, caterpillar), and the type of insect protein (e.g.,
tropomyosin, arginine kinase) [80].

Some studies have shown that digestion can reduce or abolish the IgE-binding capacity of
insect proteins by altering their structure or conformation [81]. For example, gastric digestion
(e.g., low pH, high temperature, pepsin) can decrease or eliminate the IgE-binding capacity of
tropomyosin from silkworms, mealworms, and locusts by denaturing or degrading the protein
molecules [82]. Similarly, intestinal digestion (e.g., neutral pH, moderate temperature,
trypsin) can decrease or eliminate the IgE-binding capacity of tropomyosin from silkworms,
mealworms, and locusts by cleaving or hydrolyzing the protein molecules [83].

Other studies have shown that digestion can increase or have no effect on the IgE-binding
capacity of insect proteins by exposing new epitopes or preserving their structure or
conformation [84]. For example, gastric digestion (e.g., low pH, high temperature, pepsin)
can increase or have no effect on the IgE-binding capacity of arginine kinase from silkworms,
mealworms, and locusts by unfolding or stabilizing the protein molecules [85]. Similarly,
intestinal digestion (e.g., neutral pH, moderate temperature, trypsin) can increase or have no
effect on the IgE-binding capacity of arginine kinase from silkworms, mealworms, and
locusts by releasing or retaining the protein molecules [86].

The clinical implications of processing and digestion on insect allergens depend on various
factors, such as the degree of modification, the presence of residual allergens, the
bioavailability of allergens, and the interaction with other food components [87]. Processing
and digestion can result in reduced allergenicity, meaning that the IgE-binding capacity and
the eliciting dose of insect allergens are decreased. Processing and digestion can also result in
increased allergenicity, meaning that the IgE-binding capacity and the eliciting dose of insect
allergens are increased. Alternatively, processing and digestion can result in unchanged
allergenicity, meaning that the IgE-binding capacity and the eliciting dose of insect allergens
are not affected [88].

The assessment and management of processing and digestion on insect allergens are
challenging, as they require the identification of the relevant allergens, the evaluation of the
modification effects, and the determination of the threshold doses [89]. The assessment of
processing and digestion on insect allergens can be performed by using different methods,
such as SDS-PAGE, Western blotting, ELISA, mass spectrometry, and cell-based assays [90].
However, these methods have some limitations, such as the availability and standardization
of the allergen extracts, the specificity and sensitivity of the IgE assays, the variability and
reproducibility of the cell responses, and the correlation with clinical outcomes [91].
Therefore, more reliable and accurate assessment tools are needed to improve the assessment
of processing and digestion on insect allergens.

The management of processing and digestion on insect allergens can be achieved by using
different strategies, such as optimization, modification, elimination, and supplementation
[92]. Optimization is the strategy to select the optimal processing and digestion conditions
that can reduce or abolish the allergenic potential of insect proteins [93]. Modification is the
strategy to alter the structure or conformation of insect proteins by using physical, chemical,
or biological agents that can reduce or abolish their allergenic potential [94]. Elimination is
the strategy to remove or isolate the allergenic fractions or components from insect proteins
by using separation or purification techniques that can reduce or abolish their allergenic
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potential [95]. Supplementation is the strategy to add or combine other food components with
insect proteins by using formulation or encapsulation techniques that can reduce or abolish
their allergenic potential [96]. ## Challenges and Perspectives for Future Research on Insect
Allergy

The research on insect allergy is still in its infancy, as there are many gaps and challenges that
need to be addressed. Some of the main challenges and perspectives for future research on
insect allergy are:

- To identify the major and minor allergens from different edible insects, as well as their
prevalence and clinical relevance in different populations, by using standardized and
validated allergen extracts and recombinant allergens, as well as well-characterized insect-
allergic patients and controls [97].

- To elucidate the mechanisms of sensitization and cross-reactivity of insect allergens, as well
as their molecular and immunological determinants, by using advanced techniques such as
epitope mapping, basophil activation tests, and component-resolved diagnosis [98].

- To assess the impact of processing and digestion on the allergenic potential of insect
proteins, as well as their modification effects and threshold doses, by using realistic and
representative processing and digestion conditions, as well as in vitro, ex vivo, and in vivo
models [99].

- To develop reliable and accurate diagnostic and therapeutic tools for insect allergy, such as
skin prick tests, serum-specific IgE tests, oral food challenges, immunotherapy, and dietary
intervention, by using standardized and validated allergen extracts and recombinant allergens,
as well as well-characterized insect-allergic patients and controls [100].

Conclusion:

Edible insects are a promising alternative source of protein for human consumption, but their
safety in terms of allergenicity is still a matter of concern. This review summarized the
current knowledge on the allergens from edible insects, their cross-reactivity with other
sources of allergens, and the effects of processing and digestion on their allergenic potential.
The review also discussed the challenges and perspectives for future research on insect
allergy. More research is needed to identify the major and minor allergens from different
edible insects, to evaluate their prevalence and clinical relevance in different populations, to
assess the impact of processing and digestion on their allergenicity, and to develop reliable
and accurate diagnostic and therapeutic tools for insect allergy.
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