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Abstract

Food allergy is an increasing and potentially sesigproblem that can significantly limit
patient’'s quality of life.

Classic allergytestsdo not reflect the exact imnhgioal reality of allergy.In severe cases the
study of molecular components of food allergensvedl to define the allergenic phenotype of
each patient. It also allows a more accurate etialuaf cross-reactivity, improving patients
follow up, with a more appropriatetherapeuticdexisif each case.

One of the most innovating tests in this area imimoCAP ISAC, which evaluates the

patient’s reactivity to several allergens in a Bragsay and using a small sample of serum.
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Introduction

Food allergy is an adverse reaction triggered wtienimmune system mistakenly
recognizes a particular food or group of foodsgg@ssors to the organiém

The incidence of this disease has been increasingcent decades. It is estimated that
currently affects more than 17 million Europeamng]uding 3.5 million under the age of 25,
according to the Food Allergy & Anaphylaxis PubDeclaration (EACCI). The aetiology of
food allergy is not completely defined, resultimgrih a complex interaction of genetic and
environmental factofs The food's fraction responsible for the allergimction is called
allergen.

With advances in molecular identification of fookeegens it is possible to relate the
molecular structure of some of them with potenfiadiggressive structures of biological
significance, namely molecules involved in defeagainst bacteria, fungi and insects, which

present some form of thermal and proteolytic sitgbil

Definition

Food allergens belong to a restricted number ofeprofamilies that have a three-
dimensional structure in common, and individualshwood allergies can manifest various
types of immune responses to any of them.

The allergen sensitization through the gastroiimtakttract varies according to its
molecular characteristics, which determine theabgity to heat and enzymatic degradation,
with the intensity of the allergic reaction beirglated to its lability. Thosethat are easily
destroyed by heat or digestion are less likely dase significant adverse reactions when
compared with more stable oRes

The major food allergens share in general a sebwfmon characteristics, in that they

are: soluble glycoproteins, size is between 10&h#éd, and relatively stable to heat, acidity



and proteases actibnGiven these characteristics, various externabiramts, such as food
preparation, can affect the degree of allergerficity

Understanding the concept of food allergen and difierent allergenic component
proteins within them is crucial to understand themomena of immunologic cross-reactivity,
which is defined as the immunological recognitignam IgE antibody of similar allergenic
molecules (homologues) present in different fooeisher molecules of closely related
specieseither molecules with similar functions presin different speciéfigure 1).Major
allergens with greater number of homologues resplnfor cross-reactivity are summarized
in table 1.

Ninety per cent of severe allergic reactions amgsed by eight foods or food groups:
cow's milk and its derivatives, egg, wheat, sash fishellfish, peanuts and nut varietiéghe
first four are associated with an earlier onset asdally transient allergy, while the

remaining foods are associated to a later onsteodllergy, which tends to be persisfent

Classification

Food allergens are subdivided into two major groups animal origin and the plant
origin. These large groups are composed of vasoilgroups of proteins that play different
roles in the pathophysiology of food allergy.

The large families of proteins that constitute thkergen of animal origin are
tropomyosin, parvalbumin and serum albumin. Troposity is a binding protein in muscle
fibres and plays a regulatory role in muscle canima®’. Its importance in this area comes
primarily from the fact that it is an important rkar of cross-reactivity between crustaceans,
mites and cockroach. As it is stable to heat ageslion, reactions are common even with
cooked foolt’. Shellfish allergy is more common in adults tharchildren, occurring more

frequently in patients with concomitant dust miédiergy. Shellfish allergy is more frequent



thanclams allergy, highlighting the shrimp as thetrstudied (allergenic component Pen al).
The great heat stability of tropomyosin makes isgilole to trigger allergic reactions by
inhalatior?”’.

The major fish allergen is parvalbumin and is akerarof significant cross-reactivity
between different fish species and amphibians #l$o stable to heat and digestion, causing
allergic reactions even with cooked foods. Fisarismportant allergen source, especially in
countries where its consumption is common. The fish allergen purified and sequenced
was cod's Gad cl1, considered the reference modsrdfitization to fish. Due to structural
differences between the various parvalbumins,ifgoirtance as an allergen is not the same in
all species of fish. Tuna and swordfish are theiggewith lower allergenicity due to a lower
concentration of parvalbumin, making them tolerdbtesome patients.

Serum albumin representsa group of proteins prasatifferent biological foods, such
as milk, meat, eggs and chicken. The egg congtitatee of the main causes of allergic
reactions in children. The egg white has a greallergenic capacity than the yolk, and its
main allergen element is the ovomucoid (Gal d1)e Tain characteristic of this element is
its extreme resistance to heat and degradationrbtegses, resulting in a greatallergenic
capability, even in small doses. On the other hane,main allergen of the yolk is alpha-
livetina (Gal d5), involved in the bird-egg syndrenThis syndrome involves the sensitization
to bird's feathers by inhalation, developing laterallergic reactions to egg and poultry meat.
There are also proven cross-reactivity phenomenadas the eggs of different types of
birds. Other allergens present in the egg are awailbb (Gal d 2), ovotransferrin (Gal d 3) and
lysozyme (Gal d 4). Cow's milk is very rich in pgots, particularly in casein (80%) and whey
proteins (20%). The beta globulin is the whey prothat induces allergic reactions more

frequently; however, 75% of patients are sensitivenore than one allergen component. The



phenomenon of cross-reactivity between cow's milik goat's milk, sheep and horse are quite
significant, with important clinical implicatiofd

The proteins which constitute the allergens of ptaigin are divided into three major
groups: defence proteins, storage proteins andr ddrge and heterogeneous group of
structural, catalytic and regulatory protéi?ls

The group of the defence proteins (PR) includespmrants involved in the defence
mechanisms of plants against pathogens or chemMailst of these proteins have a compact
structure, stabilized by a significant number afulfide bridges, making them highly resistant
to chemical treatments and digestion by digestik@eases. All these features combined
determine that they are immunologically active rgias, even in processed food, being able
to induce a clinical response. The group of defemaaeins are divided into 14 families,
highlighting by importance and prevalence: PR-2;R®R-5, PR-10 and PR-14. The PR-2
(beta 1,3glucanases) antifungal proteins are tilpidascribed as latex allergens. Recent data
also suggested their presence in foods such dsatiena, especially when it is very mature,
as well as tomato, potato and pepper. The allecgemmnponent present in all of them is Hev
b2. Due to the fact of sharing the same allergenimponent, these proteins are involved in
the cross-reactivity phenomenon latex-pollen-foblde PR-3 (chitinase with hevein domain)
is known to be mainly responsible for the latextfmyndrome. About 40 to 60% of latex
allergy (allergenic component Hev b6.01) patiemtsvs hypersensitivity to vegetables, such
as avocado (allergenic component Persal), che@lherigenic componentCas s5) and turnip
(allergenic component bra R2). The PR-5 (thaumptiapresents antifungal proteins, and
many inducea response to pathogenic attacks.Theseins are highly resistant to heat and
proteases actions; they are present in kiwi (adlei component Act c2), apple (allergenic
component Mal d2), cherry (allergenic component AR2) and pepper (allergenic

component Cap al). The PR-10 (Bet vl homologouteim®) are a group of thermo-labile



proteins, therefore cooked food is usually tolatates often associated with local symptoms,
such as Oral Allergy Syndrome (OAS), as well asrglt reactions to pollens, fruits and
vegetables. The cross-reactivity phenomenon mdatetto these proteins is the birch-to-
rosacearatio. Rosacea includes a vast group ofspfarvalent in daily food, such as apple
(allergen component Mal d 1), peanut (allergenicngonentAra h8), carrot (allergenic
component Daucl) and soybeans (allergenic compdabnm4). The PR-14 (non-specific
lipid transfer protein) constitutes a group of pins stable to heat and digestion, causing
reactions even in processed food. It's often assedi with more severe and systemic
reactions. These proteins are present in peadrdah componentPru p3), apple (allergenic
component Mal d3), orange (allergenic component &8), hazelnut (allergenic
componentCor a8) and corn (allergenic componentzidd). They are found in greater
amounts in the skin rather in the fruit's pulp. Toenparison between the non-specific lipid
transfer proteins (nsLTP)of the peach and the nsitT®®her plants demonstrates a very
similar identity profile, making the Pru p3 anaflen representative of the nsLTP in
food®*82

The storage proteins are an important group ofeprstfound in seeds that serve as a
feeding source for a growing plant. The main groofp®od that contain this type of proteins
are cereals, dried fruits vegetables and spicegetreral there are two super families: the
prolamins and cupin&s

The prolamins are often stable and resistant td, lze®l can cause reactions even in
cooked food. Theprolamins family includes some le# allergens responsible for allergic
reactions caused by wheat (allergenic gliadin carepow-5) either by wheat flour inhalation
or by ingestion. Therefore food dependent exericidaced anaphylaxis, frequently related to

wheat, can be induced by its prolamins componehéseTisa great similarity between the y-



secalinas of rice and y3-hordein of barley, whigplains the cross-reactivity between these
two food$*.

The cupinas undergo a series of structural adjugn@hen subjected to a significant
rise in temperature, altering their immunologicapacity. It was noted, for example, that
roasted peanuts are more allergenic than thosestedjeaw, cooked or fried. These proteins
are subdivided into three types; the leguminagpegeent in soybeans (allergenic component
Glicilinas G1-G2), peanut (allergenic componentA&), brazilian nut (allergenic component
Bere2), hazelnut (allergenic component Cora9), @asfAna allergenic component 02) and
mustard (allergenic component Sin a2); the viciéire present in soybean (allergenic
componentGly m Bd), peanut (allergen componentArg hazelnut (allergenic component
Corall), cashew (allergenic component Ana ol)jlléaitergenic component Len cl), pea
(allergenic component Pis s1) and sesame (allexgammnponent Sesi3); the germinas are
present in orange (allergenic component Cit sl)eavland pepper (allergenic component
germ-line transcription (GLT¥"*

The profilins are proteins that act in the regolatdf actin polymerization. They belong
to the third group of heterogeneous structuralalgat and regulatory proteins.They are
rarely associated with clinical symptoms, but mayse moderate to severe allergic reactions
in some cases. Their importance rests on the iattthey occur inpan-allergenic vegetables,
found in pollens, food and latex. As such, the sn@activity phenomenon is frequent. As
they are quite sensitive to heat and digestionkeddood is generally well toleratetf

According to the information available in databa%@®teome” and "AllFam"”, referring
to the family of allergens, is the prolamins sufaamnily that contains the largest number of
allergens, and profilins and lipid transfer proteifLTPs) allergens that present a greater

number of counterparfs*?



Molecular studies

Upon confirmation of allergy to a particular foode should consider the investigation
of other foods, including those potentially invadven triggering the allergic response.
However, positive results to a specific food cam@y represent a cross-reactivity reaction
due to the presence of a homologous protein. Nistsand shellfish are the foods thatcause
most often cross-reactivity phenomehth

Certain proteins have identical amino acid sequeradthough not belonging to the
same taxonomic classification. That is the caseafen or latex with some fruits and
vegetables™** On occasion, the similarity between proteins ogdntra and inter-species,
such as milk and beef meat and vegetables, resplctiThis homology explains the
importance of IgE in cross-reactivity: the senaitian to a particular protein can lead to
allergic reactions when exposed to proteins withilar protein structures, not necessarily of
the same allergén'® The prevalence and magnitude of allergic marifests caused by
proteins involved in the cross-reactivity phenomeramd by pan-allergens seems to be
increasing and reflects an enhancement of atopylemic sensitizatiord™

The limitations of the tests commonly used to dthtthe diagnosis and to characterize
food allergies are greater when dealing with prite@nvolved in cross-reactions and with
polysensitization cas¥s'”. The methods used for the diagnosis of food alleng based on
the observation of IgE-mediated allergic reactioron the detection of specific IgE, related
witha particular allergen used in the form of reatt protein extracts or purified fotfn
Assessments can be madevivo (skin prick tests and oral provocation test)jrovitro.There
are severain vitro assays available for specific IgE:RadioAllergo &mt Test (RAST),
Enzyme immune assay (ELISA), ImmunoCAP and ImmumdidSphase Allergen Chip
(ImmunoCap-ISAC) (table %?° In RAST a radioactive marker is used to mark It

antibody bound to the allergen; the main disadwmtabeing the use of



radioactivity®**° ELISA uses an enzyme markerthatcan be measurdhidngscence; it has
lower sensitivity than the more recent meth8d¢SimmunoCAPuses a tridimensional
cellulose structure that enhances the allergetbaalyi bound and then an antibody enzyme
marked with fluoresceffi’® ImmunoCAP-ISAC uses a miniaturized immunoassayfqim
of multiple allergenic components immobilized in maicroarray supported by biochip
automatized technology®®> Both ImmunoCAP and ISAChavehigh specificity anighh
sensitivity,although at low levels of specific IgamunoCap is more sensitive. The main
advantage of ISAC is that only a very small amaafiblood is needed to assess more than
100 molecular components; the main disadvantagieaisit is a semi quantitative and quite
expensive methdd?:2

The application of DNA technology (molecular biojogand recombinant DNA
techniques) allowsthe sequencing, synthesis amingaf different proteins with allergenic
capacity, with the resultant production of reconalin allergens. These recombinant
molecules play a dominant role in the developmdmntew tools capable of improving the
diagnosis of allergy?:%3

This new approach through the molecular study satise diagnosis to a more specific
level, allowing the quantification of specific IgBntibodies againstmolecules of pure
allergens. Due to the possibility of producing indual allergenic components from a
specific allergen source, the sensitization to éhesmponents is measured individually in
separate tests, allowing toidentify, at a molecldsel, the component to which the patient is
sensitive. These components also ensure additiof@mation about risk, specificity and
cross-reactity?°?®

The latest methods consist in the use of preparatid purified allergens, allowing to
perform their molecular study individually. One the most innovative testsavailable on the

market is in fact ImmunoCAP® Immuno Solid-phaseefdlen Chip (ImmunoCap-ISAC).
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The ISAC system is routinely used in many allergyes, allowing to examine whether there
is a sensitization to any of the more than 100 aomepts derived from the 51 allergenic
sources analysable by this technique, using onlyo2B0 uL of the serum or plasma of the
patient, through a single assessrH¥t This test is a two-steps assay, where, initiathg,
IgE antibodies of the patient sample bind to thenohilized allergenic components and,
subsequently, the IgE antibodies bound to thegdlerare marked by a fluorescent anti-IgE
antibody. Fluorescence is then measured usingea sasnner, and the results are evaluated
automatically and customized by specific softwdaheMicroarray Image Analysis (MIA).
The results are given in standard units ISAC (ISbljcating the levels of IgE antibodies
within a measuring range of 0.3 to 100 ISU-E. TI®J{E is then normalized to the
ImmunoCAP Specific IgE units. The test procedukesaa total time of less than four hours,
and results from a combination of innovative bipctéchnology and pioneering research in
the field of molecular allergolody?*%3

The advantages of using molecular allergens, aedifsgally ImmunoCAP® ISAC
technology, are various; while the use of allergatracts in the diagnosis of allergy only
allows the holder to identify the source of alleargeecombinant molecules allows to create an
allergenic profile of the patient. This is part&ty important in cases of polysensitization,
where it's crucial to understand whether the respdn a particular allergen is a phenomenon
of co-sensitization or of cross-reactivity. It alsdows the diagnosis using a small sample of
blood from the patient, which is particularly imgant in the paediatric population. This test
also enables a more accurate evaluation of therigewd allergy and further guiding the
physician's intervention, either by introducingraghylactic dietary restriction or by selecting
specific immunotheragy %2+

Restrictions on specific food as therapeutic irgation in food allergies can lead to

vitamin deficiencies, micro and macronutrients. lime particular case of the
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paediatricpopulation, there is a significant rigkcausing a negative impact on growth and
development; therefore children with food allergiesder dietary restrictions should be
followed and monitored on a regular and vigilansiga 2",

Molecular biology and genetic biotechnology usiegambining allergens has also been
used successfully in research, contributing to dle¢ection, identification and molecular
characterization of new allergéft&®

To establish a diagnosis based on molecular teabsi@ sound knowledge about the
various groups of allergens, the particular clihideatures and the elements most
representative of each group are required. The qulae evaluation improves the quality of
diagnosis when compared to the evaluation basedllergenic extracts. Furthermore, this
approach allows to predict the possible intensihd thus severity, of a clinical reactin?
The number of analysable allergens is increasird) the investment in perfecting these
techniques has been growing. However, it's impdrtarvemember that the costs resulting
from the use of molecular diagnosistests are ngtigible, and it's essential to establish a
well-defined diagnostic plane, prioritizing the uddess expensive techniques in the simplest
cases, which do not require such a thorough asabfshe allergenic profif&?*2’

This technique should be reserved for situations coimplex allergies and
polysensitization and always after conducting adbhgh clinical investigation as first line
approach and also after second line diagnostic sx#m skin prick tests and other less

expensive specific IgE test§*819-28

Conclusions

The description of the allergenic profile of a sfiefood involves the identification of

all potentially allergenic molecules containedtself.
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During the last decades the increasing use of ratdecbiology empowered the
molecular characterization of numerous allergengnethose that are present in small
guantities.

The proper approach of patients with complex foéetgies is dependent on a complete
diagnosis, providing a detailed list of specific lecular allergens, and their respective
sources, thateach patient should avoid. This isomapt not only for the averting of
potentially hazardous food, but as well as to @&l®vunnecessary dietary restrictions, which
can negatively affect the quality of life. In adodlit, aclear diagnosis is also essential if
specific immunotherapy is being considered.

Allergen testing technology is still evolving, wislignificanttechnical improvement and
the possibility of increasing the number of anabsaallergens, so that in the future the

benefits can be even more meaningful and benefwiphtients.
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Table 1.Allergenswith greater number of homolues responsible for cross-reactivity.
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Typeof in vitro test Advantage Disadvantage Relevant Reference

RAST Radioactive marker Use of radioactivity 1; 16
ELISA Enzyme immune marker Less sensitive 116
ImmunoCAP Higher sensitivity and Quantitative 1-16
specificity '
ISAC >100 components Semi quantitative 116
30 ul of serum needed | Very expensive method

Table 2.Specific Igkn vitro assays
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