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Abstract: Diagnosis of allergic diseases is a complex, multi-stage process. It often requires the use of
various diagnostic tools. The in vitro diagnostics (IVD), which includes various laboratory tests, is
one of the stages of this process. Standard laboratory tests include the measurement of the serum
concentration of specific immunoglobulin E (sIgE) for selected allergens, full allergen extracts and/or
single allergen components (molecules). The measurement of IgE sIgE to the allergen components
is called molecular allergy diagnosis. During the standard laboratory diagnostic process, various
models of immunochemical tests are used, which enable the measurement of sIgE for single allergens
(one-parameter tests, singleplex) or IgE specific for many different allergens (multi-parameter tests,
multiplex) in one test. Currently, there are many different test kits available, validated for IVD,
which differ in the method type and allergen profile. The aim of the manuscript is to present
various technical aspects related to modern allergy diagnostics, especially in the area of molecular
allergy diagnostics.
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1. Introduction

Allergy and hypersensitivity are increasingly becoming serious global public health
problems. These reactions are based on complex pathophysiological mechanisms leading
to the dysfunction of various organs and even leading to a life-threatening condition. Both
allergy and hypersensitivity can develop at any age and have a significant impact on the
quality of life of patients and their families [1]. The terms “hypersensitivity” and “allergy”
are not synonymous. Hypersensitivity is defined as conditions clinically resembling an
allergy that cause objectively reproducible signs or symptoms, initiated by exposure to
a specific stimulus at a dose tolerated by the body of a healthy person. Allergy is a
hypersensitivity reaction based on certain or highly probable immunological mechanisms.
An allergic reaction occurs when it is triggered by allergens to which the affected person is
allergic (i.e., has specific antibodies or immunologically competent cells directed against
these allergens) [1].

The currently used division of hypersensitivity reactions was proposed in 1963 by Gell
and Coombs. This classification divides hypersensitivity reactions into four distinct groups
based on the mechanism of tissue damage (Figure 1): Type I (immediate, IgE mediated),
Type II (cytotoxic or IgG/IgM mediated), Type III (immediate mediated by the immune
complex) and type IV (late, T-cell mediated, antibody-independent) [2].

Allergy diagnosis is a complex and multi-stage process. It begins with a clinical
interview, physical examination of the patient and additional tests. Additional tests used
in the diagnosis of allergic diseases can be divided into in vivo tests (e.g., skin prick tests,
challenge tests) and in vitro tests (laboratory tests). Allergy tests validated for IVD can in
principle only confirm or rule out Type I (IgE-mediated) hypersensitivity reactions. The
in vitro tests include, among others, serological diagnostics based on the measurement of
serum levels of allergen-specific immunoglobulins IgE (sIgE) [3,4].
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Figure 1. Mechanisms of hypersensitivity reactions. 
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measured in the patient’s blood serum. It is possible to determine sIgE both for single 
allergens and for mixes of various allergens (so-called allergen mixes). Currently available 
serological tests can also be used to measure the serum sIgE level for a single allergen 
(monspecific tests, so-called singleplex tests), as well as for many different allergens in 
one test (multispecific tests, so-called multiplex tests) [5,6]. 

2. Allergy Diagnosis Based on the Measurement of Allergen-Specific IgE (sIgE) 
This type of laboratory test can be performed with test kits from various 

manufacturers that have been validated for in vitro diagnostics (IVD) and have certificates 
required by dedicated legal regulations in force in a specific country. The manufacturers 
of the test kits guarantee that the results of laboratory tests measured using the analytical 
reagents produced by them are reliable and repeatable. The test kits are provided with 
instructions for use, which also define the conditions for the storage of reagents and the 
collection of biological material for testing and storage. The manual also specifies possible 
factors interfering with the analytical procedure and the patient’s preparation for a 
specific laboratory test, including the possible need to discontinue various drugs or other 
clinically significant parameters that may interfere with the analytical procedure. 

Routinely, under standard conditions, the measurement of IgE is measured in the 
serum of venous blood. Blood for the test should be collected in the morning, although in 
the case of IgE it is not an obligatory recommendation, as this parameter is not subject to 
significant daily fluctuations. In these types of laboratory tests, there is also no need to 
stop treatment with medicines normally used to treat allergies, because they do not 
interfere with the analytical procedures used. The patient does not have to be fasting, 
although it is definitely better to fast before each laboratory test, even if it is not absolutely 
required. It may be important to refrain from ingestion dietary supplements, mainly 
vitamins (especially vitamin C and biotin), which may significantly interfere with some 
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The possibilities of modern serological diagnostics of allergy are very extensive. The
IgE specific for both whole allergen extracts and individual allergen components can be
measured in the patient’s blood serum. It is possible to determine sIgE both for single
allergens and for mixes of various allergens (so-called allergen mixes). Currently available
serological tests can also be used to measure the serum sIgE level for a single allergen
(monspecific tests, so-called singleplex tests), as well as for many different allergens in one
test (multispecific tests, so-called multiplex tests) [5,6].

2. Allergy Diagnosis Based on the Measurement of Allergen-Specific IgE (sIgE)

This type of laboratory test can be performed with test kits from various manufacturers
that have been validated for in vitro diagnostics (IVD) and have certificates required by
dedicated legal regulations in force in a specific country. The manufacturers of the test
kits guarantee that the results of laboratory tests measured using the analytical reagents
produced by them are reliable and repeatable. The test kits are provided with instructions
for use, which also define the conditions for the storage of reagents and the collection of
biological material for testing and storage. The manual also specifies possible factors inter-
fering with the analytical procedure and the patient’s preparation for a specific laboratory
test, including the possible need to discontinue various drugs or other clinically significant
parameters that may interfere with the analytical procedure.

Routinely, under standard conditions, the measurement of IgE is measured in the
serum of venous blood. Blood for the test should be collected in the morning, although
in the case of IgE it is not an obligatory recommendation, as this parameter is not subject
to significant daily fluctuations. In these types of laboratory tests, there is also no need
to stop treatment with medicines normally used to treat allergies, because they do not
interfere with the analytical procedures used. The patient does not have to be fasting,
although it is definitely better to fast before each laboratory test, even if it is not absolutely
required. It may be important to refrain from ingestion dietary supplements, mainly
vitamins (especially vitamin C and biotin), which may significantly interfere with some
laboratory procedures and may cause false-negative or false-positive results. Vitamins
should be stopped at least 7 days before taking blood for laboratory testing. It is important
that each laboratory prepares appropriate guidelines for the patient on how to prepare for
the collection of biological material for a specific laboratory test [7,8].
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The technique of all currently available serum sIgE assays is based on the Enzyme-
Linked Immunosorbent Assay (ELISA) method, which involves the binding of IgE anti-
bodies from the patient’s serum to the allergens for which these antibodies are specific
(Figure 2).
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Figure 2. General scheme of the ELISA reaction detecting allergen-specific.

The allergy laboratory tests use standardized allergens, extracts or single allergen
components (native or recombinant), which can be suspended in the liquid phase or bound
in the solid phase (e.g., cellulose paper, cellulose sponge, polymers, glass, paramagnetic
particles and others). If the patient’s serum contains IgE antibodies specific to the allergen
used in the test, the allergen/allergen-specific IgE complexes are formed. The complexes are
bound to the solid phase and unbound serum components are washed out of the reaction
tube with a washing solution (e.g., phosphate buffer). These complexes are then visualized
using antibodies specific to human IgE (mouse, goat or rabbit) labeled with the enzyme and
a substrate compatible with the labeling enzyme used (chromogen or fluorochrome). The
intensity of the reaction is expressed as color intensity or fluorescence intensity (depending
on the marker used) and is proportional to the concentration of specific IgE in the tested
serum. If appropriate calibration standards are used, the method can be quantitative.
Quantitative or semi-quantitative methods are usually used to detect sIgE [5,9,10].

The solid-phase immunoassays based on the ELISA model for routine immunochemi-
cal diagnostics, including the measurement of specific IgE levels, were available as early as
the 1970s. Initially, radioimmunoassays (radioallergosorbent test, RAST) were used. RAST
tests consisted of immobilizing allergen extracts on activated paper discs to bind specific
IgE from the patient’s serum. Paper discs were the solid phase of the RAST test. Radiolabels
were used to detect allergen/sIgE immune complexes in RAST tests. Currently, radioactive
tracers are not used, mainly due to their harmfulness. They have been effectively replaced
by colorimetric markers, and above all by fluorescent markers (chemiluminescent and
electrochemiluminescent techniques) [5,10].

The materials of the solid phase of testing have also changed. In addition to paper
discs, which are rarely used anymore, various types of polymers and multidimensional
cellulose matrices (cellulose sponges) are more often used. There are also reaction models
based on allergens suspended in the liquid phase. In this assay model, the first step of
the reaction (formation of allergen/sIgE complexes) takes place in the liquid phase. In the
next step, the formed allergen/sIgE complexes are immobilized on a solid phase matrix.
Matrices made of glass fibers or nanoparticles with paramagnetic properties are most often
used [11,12].

Qualitative, semi-quantitative and quantitative tests are used to measure the con-
centration of specific IgE in allergy diagnostics. Quantitative immunoassays for sIgE
antibodies require the inclusion of a standard curve. Calibrators for both specific and tIgE
measurements should be traceable to the World Health Organization (WHO) International
Reference Preparation for Human IgE, 75/502 [10].
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Extract-Based and Component (Molecular) Immunological Allergy Diagnostic

Traditional immunological (or serological) diagnosis of allergies is based on the de-
termination of IgE antibodies specific for extracts of native allergens. This type of allergy
diagnosis is called allergy diagnosis based on extracts. Allergen extract is a mixture of
allergenic and non-allergenic proteins derived from a specific allergenic source (Figure 3).
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Extracts from natural allergen sources are often heterogeneous and may contain many
non-allergenic molecules. Extracts of the same allergen from different lots may differ
in the composition and amount of allergenic proteins. The detailed composition of full
extracts is not clearly possible to determine. Extracts from the same allergen source from
different manufacturers may have different component compositions. The composition
of extracts from food allergens also depends on the method and conditions of production
of a particular food, cultivation and storage of plants or animal husbandry technology. In
addition, the presence of bioactive molecules (e.g., proteolytic enzymes) in natural extracts
may affect the stability of the allergen extract. Contamination of the natural allergen extract
with proteins from other sources is also possible [13–19].

Molecular diagnosis of allergy is based on the detection in the blood serum of IgE
specific against single allergen components (molecules) from specific allergen source. An
allergenic component is a single protein or, less commonly, a carbohydrate moiety that
can induce an allergic immune response [17,20–22]. In the molecular diagnosis of allergy,
native or recombinant allergen components are used. Native components are obtained
directly from the natural allergen extract using various physicochemical or biochemical
techniques. Recombinant components are produced by genetic engineering. Recombinant
molecules produced in this way are synthesized by a different organism than the one
from which they originate. Escherichia coli (E. coli), or yeast cells, are most commonly
used for the production of recombinant allergens. This technology makes it possible to
produce unlimited amounts of perfectly purified allergens with precisely defined molecular
structures. The downside of recombination is that proteins produced in this way do not
undergo post-translational modifications (e.g., glycosylation). This may change their spatial
structure and immunological specificity. Such molecules may not bind antibodies produced
by immunization with natural proteins. In turn, the advantage of recombinant allergenic
components is that as they are devoid of carbohydrate groups, they do not bind clinically
insignificant antibodies specific for cross-reactive carbohydrate determinants (anti-CCD).
This prevents false-positive results with sIgE tests [13–16].

Traditional in vitro allergy diagnosis based on allergen extracts makes it possible to
determine the source of sensitizing allergens, but it does not allow for the identification of
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cross-reactions or estimation of the severity of a possible reaction after contact with this
allergen. This is especially important for patients allergic to food allergens. Molecular diag-
nosis of allergy enables accurate identification of the allergen molecule to which the patient
is allergic. This gives the opportunity to precisely identify a harmful allergen, determine
possible cross-reactions, predict the severity of a possible reaction after contact with this
allergen, including severe anaphylactic reactions, or estimate the expected effectiveness of
allergen immunotherapy. It also helps to determine the dietary management of a patient
with food allergy [17,20,21].

3. Molecular Allergy Diagnostic-Technical Aspects and Current Possibilities

Molecular diagnosis of allergies is a method aimed at determining the individual
allergic profile of the patient. It is treated as a type of personalized medicine. Currently, this
type of diagnostics can be performed in two ways—by measuring the concentration of IgE
specific for single allergen molecules (single-component diagnostics) or by simultaneously
measuring the concentration of sIgE for many allergenic components in one test (multi-
component diagnostics, multiplex) [5,6].

3.1. Singleplex (Monocomponent) Molecular Allergy Diagnostic

Monocomponent molecular allergy diagnostics is a measurement of the serum con-
centration of IgE specific for a selected allergen molecule. Validated kits from various
manufacturers are available in routine laboratory practice. They differ in analytical sensitiv-
ity and specificity. These differences result from the technical and methodical construction
of the test. These are optional solid or liquid phase tests. Solid phase tests may differ in
the material from which the solid phase is made (e.g., cellulose, polymer or paramagnetic
molecule). Native or recombinant allergen components may be used in these tests. There
may be a different type of detection antibody, a different label, and a different way of
detecting the result of the reaction. Each test kit is dedicated to performing the test on
a compatible immunochemistry analyzer. The result obtained in singleplex studies is
always a quantitative result. These techniques require a relatively large volume of serum
per allergen per test (40–50 µL of serum per allergen plus an additional dead volume
of approximately 100 µL). Singleplex tests are also relatively expensive per single sIgE
result [5].

3.2. Multiplex (Multicomponent) Molecular Allergy Diagnostic

Multicomponent molecular allergy diagnostics is based on the determination of spe-
cific IgE concentration for many different allergen components in one test. Such a diagnostic
model is possible thanks to the use of multi-parameter tests for in vitro diagnostics, the
construction of which is based on allergen matrices and nanotechnology. Allergen matrices
used in this type of analysis are a powerful diagnostic tool that enables simultaneous
analysis of IgE specific for many different allergens in biological material during one ana-
lytical process. Microarray technology allows for the simultaneous analysis of thousands
of parameters in a single experiment. Microspots of capture molecules, e.g., allergens,
are immobilized in precisely defined places on a solid substrate (glass, plastic, cellulose
plates) and then exposed to samples of the test biological material. If there are appropriate
analytes in the tested biological material, they are bound to molecules coated on the matrix.
The immune complexes that are the product of the reaction are then detected by appro-
priate immunochemical techniques, and signal detection can be based on fluorescence,
chemiluminescence, mass spectrometry, densitometry or electrochemistry [23].

It is worth noting that any test in which sIgE is determined for more than one allergen
at the same time is a multiparameter test. Using currently available allergy diagnostic
multiplex platforms, it is possible to determine the concentration or level of allergen-specific
IgE for several to several hundred allergen molecules during a single analysis. These are
solid phase tests giving quantitative or semi-quantitative results. Several component or
component-extract panels are available, requiring about 100–200 µL of blood serum, which
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are usually targeted at a specific allergen source (e.g., milk panel—contains the main
allergen components of cow’s milk) and panels in which we simultaneously determine
sIgE for several hundred allergen components, or both extracts and allergen components,
aimed at determining the individual allergy profile of the tested patient.

The laboratory analytical platforms enabling the simultaneous detection of IgE specific
for several hundred allergens are usually used in the diagnosis of multi-sensitized patients.
These tests contain allergen components from several dozen different allergen sources. They
can be used to detect either sIgE only for allergen components (ISAC test, ThermoFisher
Scientific, Waltham, MA, USA) or sIgE for allergen components, allergen extracts and
the total concentration of IgE in the blood serum (ALEX test, Macroarray Diagnostics,
Vienna, Austria). Currently, two multiplex platforms, ISAC and ALEX tests, are available
for broad-profile allergy molecular diagnostics. The ISAC and ALEX tests differ in the
allergen profile, immunochemical technology, laboratory procedure, method of reporting
results and the volume of serum needed to perform the test.

3.2.1. ISAC (Immuno Solid-Phase Allergen Chip; ThermoFisher Scientific, Waltham,
MA, USA)

The ISAC test is a solid phase enzyme immunoassay based on biochip technology.
A biochip (microarray) is a solid matrix (e.g., a glass or plastic plate) on which specific
biological molecules have been precisely applied in a specific location. This technology
makes it possible to simultaneously detect the presence of many biological components
in a small amount of test material (e. g. blood serum), using a small volume of reagent.
In the ISAC test, allergen components applied in triplets on a glass plate (slide) bind IgE
antibodies specific to them from the patient’s blood serum. Specific IgE from the test serum
are captured by the allergens coated on the slide and bound to the solid surface of the
test. The formed allergen/sIgE immune complexes are then detected with fluorochrome
labeled anti-human IgE antibodies. Each ISAC slide contains four microarrays for four
patients. The fluorescence intensity is measured with a biochip scanner that is compatible
with the ISAC test slides and the fluorochrome used. The manufacturer of the ISAC test
recommends the use of laser devices for confocal scanning, in particular the CapitalBio
LuxScan 10 k microarray scanner (CapitalBio, San Diego, CA, USA). The microarray images
are then analyzed using Phadia Microarray Image (MIA) software.

Figure 4 shows the ISACE112i glass biochip and single patient microarray image after
reaction with the sIgE positive serum from the CapitalBio LuxScan scanner with MIA
software.
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The ISACE112i platform is a semi-quantitative test and sIgE antibody results are
reported in ISAC Standardized Units (ISU-E) and are divided into four categories based
on level: <0.3 ISU-E (undetectable); 0.3–0.9 ISU-E (low); 1–14.9 ISU-E (medium/high); >15
ISU-E (very high). The test requires 30 µL of serum or heparinized plasma. The patient
does not have to stop taking any medications and does not have to fast [24]. The laboratory
procedure of the ISAC test takes 4 h. Interpretation of the result can be supported by the
integrated Xplain® software (ThermoFisher Scientific Inc.) and the AllerGenius® expert
system (ARMIA, Genova, Italy) [25,26].

The first multi-parameter allergen chips of this type (ISAC test) were made available
in 2001. Since 2006/2007, the ISAC test has been widely available for IVD [27,28]. The
current version of this test (ISACE112i), available from 2019, enables the simultaneous
determination of sIgE for 112 different single molecules from 48 different sources of plant
and animal allergens (Table 1).

Table 1. Summary of important parameters of the ISACE112i test and the ALEX2 test.

ISACE112i
Immuno Solid-Phase Allergen Chip

ALEX2
Allergy Xplorer

The number of allergens on the test matrix 112 296

The number of allergen molecules 112 177

Number of allergen extracts 0 119

Number of recombinant molecules 74 125

Number of native molecules 38 52

Method of sIgE determination Semi-quantitative Quantitative

test result reporting unit ISU-E kU/L

Total IgE determination No 1–2500 kU/L

CCD blocking No yes

CCD detection Yes yes

Serum volume needed for testing 30 µL 100 µL

3.2.2. ALEX (ALLERGY XPLORER, MacroArray Diagnostics GmbH (MADx),
Vienna, Austria)

The ALEX test is a solid-phase enzyme immunoassay based on technology using
nanoparticles (nanospheres) as allergen carriers. It is the newest multiplex in vitro allergy
test currently available. The use of nanoparticle technology as carriers of allergens makes
the ALEX test a test with an easily modifiable allergen profile. This makes it possible to
replace one allergen molecule with another in subsequent generations of the test. Thanks
to this functionality, the allergen profile of the ALEX test dynamically responds to new
clinical requirements and the discovery of new relevant allergen molecules [29].

Technologies that use nanoparticles are nowadays often used in various branches of
medicine, both therapy and diagnosis. Drugs and diagnostic tests using this technology
are part of the trend of personalized medicine. The nanoparticles are defined as particles
with at least one cross-sectional dimension in the range of 1 to 100 nm. They can be
formed naturally (as a result of erosion of rocks or organic compounds), or they can be
by-products of human activity, or they can be intentionally created nanoparticles of a
defined size and structure (so-called engineered nanoparticles). Engineering nanoparticles
can be made of various materials: gold, silver, platinum, carbon, cobalt, copper, silicon and
other materials [30–32].

A characteristic feature of nanoparticles is a high ratio of surface area to particle
volume (6 × 108 m−1 for nanoparticles with a diameter of 10 nm), thanks to which large
amounts of various substances can be placed on a small nanoparticle surface. This ratio is
greater the smaller the diameter of the nanoparticle. In addition, the small dimensions of
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nanoparticles make it possible to place a large number of them on a small surface area of the
solid phase. Depending on the material from which they were made, nanoparticles have
the ability to bind various biological molecules (e.g., allergens) on their surface, thanks
to which they become their carriers. The process of producing particles with desired
physical, chemical or biological properties is called functionalization of nanoparticles.
Functionalization affects the ability of nanoparticles to interact with specific chemical or
biological substances [30–32].

The nanoparticles, which are carriers of various biomolecules (e.g., allergens), can be
immobilized in a solid phase (e.g., on a specific reaction matrix). This enables the construc-
tion of comprehensive solid phase assays for IVD. With the use of nanoparticles, complex
test platforms are constructed, which are used for simultaneous multi-analysis of a small
volume of biological material (e.g., patient’s blood serum). Functionalizing biomolecules
(e.g., allergens) are applied to the surface of the nanoparticles before immobilizing them in
the solid phase. Such a strategy allows the use of the most optimal conditions necessary for
the application of functionalizing agents to the surface of the nanosphere. Thanks to this
property, the surface of the nanoparticle is used to the maximum, and the concentration of
functional biomolecules (e.g., allergens) on the nanosphere is very high. Tests constructed
in this way are usually characterized by very high analytical sensitivity. From the point
of view of the possibility of obtaining the highest possible analytical sensitivity of the
test, it is also important that the nanoparticles are coated with various functionalizing
factors (e.g., allergens) independently of each other. This allows for adjusting the condi-
tions of functionalization of nanospheres to the specific requirements of specific functional
biomolecules. Thanks to such a strategy, optimal use of the surface of the nanoparticle is
obtained in relation to each applied functionalizing agent. For example, in the context of
tests for the analysis of sIgE, the conjugation of allergens with nanospheres is performed
using protocols optimized for specific allergens taking into account their biochemical prop-
erties. In addition, the availability of relevant epitopes is controlled, which increases the
detection efficiency of sIgE. During the construction of the test, previously functionalized
nanospheres are bound to the solid phase matrix. Thanks to this strategy, tests with very
high analytical sensitivity are obtained for each analyte independently. In addition, the
small dimensions of the nanoparticles make it possible to obtain a high density of these
carriers on a small area of the test matrix, which also increases the efficiency of the test. In
relation to tests for the detection of sIgE, this means the possibility of constructing analytical
platforms on which even several hundred different allergens are bound to the matrix. Such
multiplex matrices allow for the detection of IgE specific for several hundred different
allergens simultaneously (in one test) and in a small volume of blood serum. In conclusion,
the analytical tests constructed in the technology of nanoparticles are characterized by very
high efficiency and high analytical sensitivity independently for each measured analyte [30–
33]. Currently, the ALEX test is the only multiplex analytical platform for in vitro allergy
diagnostics constructed using nanoparticle technology. The FABER test (patient-friendly
Allergen Nano-Bead Array; Centri Associati di Allergologia Molecolare CAAM, Roma,
Italy) was also constructed using nanoparticle technology, which is currently no longer
available.

Figure 5 shows the biochip/cassette of the ALEX2 test after reaction with positive
patient serum and the image after scanning the cartridge with a positive reaction in the
scanner (ImageXplorer, Vienna, Austria) with MADx Raptor Software.

The first generation of the ALEX test was introduced for IVD in 2017 and enabled
the simultaneous measurement of sIgE levels for 282 allergens, including 126 allergen
components and 156 allergen extracts, and total IgE (tIgE) concentration. The current
generation of the ALEX test (called ALEX2 to distinguish it) has been available since 2019.
This edition offers simultaneous measurement of sIgE concentrations for 295 allergens,
including 178 molecules and 117 extracts, from most families of inhalant allergens and
cross-reactive food allergens (Table 1). An important feature of the ALEX2 test is still the
ability to simultaneously measure the concentration of both sIgE for extracts and allergen
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components, as well as the concentration of tIgE in the blood serum. The ALEX2 multiplex
assay platform is a quantitative assay for sIgE and semi-quantitative for tIgE. The measured
IgE concentration is expressed in kUA/L for sIgE and kU/L for tIgE. The ALEX2 test range
for sIgE is 0.3–50 kU/L, and 1–2500 kU/L for tIgE. The concentration of s IgE is classified
into five classes (0–4), depending on its level, respectively: class 0 (<0.3 kUA/L; negative
or borderline), class 1 (0.3–1 kUA/L; low), class 2 (1–5 kUA/L; medium concentration),
class 3 (5–15 kUA/L; high concentration) and class 4 (>15 kUA/L; very high concentration).
Serum or plasma (except EDTA plasma) in a volume of 100 µL is required for testing. The
patient does not have to stop taking any medications and fast before taking blood for
analysis. The analytical procedure of the ALEX2 test takes 3.5 h [27–29,33].
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It is widely believed that one of the main added values of the ALEX2 test is the
ability to simultaneously measure the concentration of sIgE for whole allergen extracts,
as well as for allergen particles from many food and airborne sources and tIgE. This
gives the possibility of comprehensive, broad-profile in vitro diagnostics of IgE-mediated
hypersensitivity reactions [34].

Another unique feature of the ALEX2 multiplex assay is that an inhibitor of antibodies
against cross-reacting carbohydrate determinants (CCD) was used in the analytical proce-
dure. CCDs are carbohydrate residues of glycoproteins, absent in mammalian proteins, that
can induce the synthesis of CCD-sIgE antibodies. Anti-CCD antibodies specifically bind to
CCDs that may be present on allergen particles of natural origin but are unable to induce
mast cell degranulation. In most cases, they do not contribute to the clinical symptoms
of allergic disease and do not give positive results in skin tests. In general, anti-CCD IgE
antibodies are considered clinically insignificant (with the exception of sensitization to
α-1,3-galactose-containing glycoproteins (alphaGAL) found, for example, in tick saliva),
but may cause false positive results of sIgE in in vitro allergy tests. This significantly
hinders the clinical interpretation of the laboratory test result, which is not adequate to the
clinical manifestation of allergy observed in the patient. It is estimated that this problem
may affect up to 30% of patients. The source of CCDs stimulating the synthesis of specific
anti-CCD antibodies in the IgE class are most often allergens of plant pollens and venoms
of Hymenoptera insects and some allergens of dust mites. Blocking anti-CCD antibodies
in the standard ALEX2 assay procedure significantly reduces the number of false positive
sIgE results [35–39].

Two methods are most commonly used to solve the problem of anti-CCD antibodies.
One of these strategies is the use of recombinant allergens in the test. Recombinant allergens
do not undergo natural processes of post-translational processing, e.g., glycosylation.
Therefore, they do not expose carbohydrate determinants in their molecules (they are CCD-
free). The second strategy is the binding of anti-CCD antibodies, which may be present
in the test serum, before the actual analytical procedure (pretreatment) or during the first
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incubation of the test, using an anti-CCD blocker/inhibitor. For this purpose, the test
serum is mixed with an excess of glycoconjugates competing for the binding of anti-CCD
antibodies (this is the so-called anti-CCD blocker or inhibitor) with the appropriate volume
ratio (according to the procedure). The blocking reagent usually contains a mixture of CCD
molecules of natural or synthetic origin that bind specific antibodies to each other. In the
initial phase of the test, anti-CCD IgE antibodies are bound to free CCDs from the CCD-
blocker/inhibitor (anti-CCD CCD/IgE complexes are formed) and then they are removed
from the test plate in the subsequent washing steps provided for in the analytical procedure.
The CCDs inhibitor must be engineered to block only anti-CCD antibodies and not affect
other sIgE antibodies. Therefore, although theoretically it would be possible to use any
glycoproteins of plant origin as an anti-CCD-blocker/inhibitor, in practice, synthetic CCDs
turned out to be a much better solution [40,41]. A synthetic anti-CCD antibody blocker
(ProGlycAn CCD-Blocker) was used in the ALEX2 test. It is a highly purified bromelain
glycoprotein that has been partially proteolized. Thanks to this enzymatic treatment, it
contains no more than 4 amino acid residues. The bromelain glycoprotein prepared in
this way is conjugated with human serum albumin as its carrier. The blocker/inhibitor
constructed in this way binds only IgE antibodies specific for CCDs [42]. The ALEX2
standard analytical procedure begins with the incubation of the test serum with the anti-
CCD blocker/inhibitor directly on the assay matrix. This procedure blocks anti-CCD IgE
antibodies with 85% efficiency. The blocking efficiency of anti-CCD antibodies can be
increased up to 95% by adding a 30-min incubation of the sample with the blocking reagent
prior to the actual ALEX2 assay procedure [43].

After the analytical procedure is completed, the ALEX2 cartridge is scanned using a
dedicated image analyzer (ImageXplorer) and the resulting image is analyzed by dedicated
analytical software (MADx Raptor Software). The software calculates the concentration
of sIgE bound by the individual allergens on the ALEX2 assay matrix and evaluates the
level of tIgE relative to the control value [30]. The ALEX2 test result report is supplemented
with a brief description of the biochemical and physicochemical properties of the allergen
components for which the presence of sIgE antibodies was found and the clinical signifi-
cance of the detected allergies. It is a useful tool to support the clinical interpretation of the
ALEX2 test results and the planning of further therapeutic strategy.

4. Summary, Conclusions and Future Perspectives

Allergy diagnosis based on allergen molecules (molecular allergology; MA) is a precise
tool for in vitro allergy diagnosis. The development of tools for MA significantly improved
the quality of allergy diagnosis, giving the opportunity to distinguish true allergies from
cross-reactions, selection of specific allergen immunotherapy and risk stratification in food
allergy. Extensive, multi-parameter platforms for molecular diagnostics of allergies are pre-
cise tools for determining the individual profile of patients’ sensitization. These multiplexes
are specific diagnostic tools in line with the current trend of personalized medicine [4,44].
Currently, we have a wide range of allergen components available for single-component
diagnostics and tests for multi-component in vitro allergy diagnostics. Two wide-profile,
multi-parameter diagnostic platforms are currently available, the ISACE112i test and the
ALEX2 test. The semi-quantitative ISACE112i test simultaneously measures the level of
IgE specific for allergen components, while the quantitative ALEX2 test measures the con-
centration of IgE specific for allergen components, allergen extracts and tIgE concentration
in one test. The combination of diagnostics based on full extracts with component diagnos-
tics additionally supplemented with tIgE concentration seems to be of great importance
in the individualized diagnosis of an allergic patient, allowing for the creation of a full
sensitization profile and the development of a therapeutic plan that meets the individual
needs of the patient. It also seems that the use of molecular allergy diagnostics allows us to
effectively optimize the costs of the diagnostic and therapeutic process [45,46].

Molecular diagnosis of allergies is undoubtedly a very valuable tool necessary in
the diagnostic and therapeutic process of allergic patients, especially in difficult, life-
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threatening conditions or requiring an individualized dietary approach. However, it is still
an insufficient tool in particularly difficult cases of allergies, e.g., to very rare allergens or
in multi-allergic patients requiring personalized therapeutic strategies. It seems that in the
future it will be necessary to use even more advanced diagnostic tools. In vitro diagnostics
based on sIgE for epitopes of allergen molecules seem to be a promising tool for the future
of allergological diagnostics [47,48].

According to Alessandri et al. [29], an ideal in vitro allergy diagnostic system should
contain all the allergenic proteins to which the patient may be exposed. Each allergen
component should contain all epitopes that can be recognized by sIgE. In addition, during
the analytical procedure, these molecules should be accessible from all sides to allow all
epitopes of a particular antigen to react with specific antibodies. In addition, each system
should be easily modifiable and free from factors that cause both false positive and false
negative reactions. Although in reality it is unfortunately impossible to achieve such an
ideal condition, the currently available multiplex platforms for molecular diagnostics of
allergies seem to meet these assumptions to a large extent.

Author Contributions: K.L., the concept of the review, collection and analysis of literature data,
development of the material, preparation of the manuscript and Z.B., substantive support. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Tanno, L.K.; Calderon, M.A.; Smith, H.E.; Sanchez-Borges, M.; Sheikh, A.; Demoly, P. Dissemination of definitions and concepts of

allergic and hypersensitivity conditions. World Allergy Organ J. 2016, 9, 24. [CrossRef] [PubMed]
2. Dispenza, M.C. Classification of hypersensitivity reactions. Allergy Asthma Proc. 2019, 40, 470–473. [CrossRef] [PubMed]
3. Muraro, A.; Werfel, T.; Hoffmann-Sommergruber, K.; Roberts, G.; Beyer, K.; Bindslev-Jensen, C.; Cardona, V.; Dubois, A.; Dutoit,

G.; Eigenmann, P.; et al. EAACI Food Allergy and Anaphylaxis Guidelines Group. EAACI food allergy and anaphylaxis
guidelines: Diagnosis and management of food allergy. Allergy 2014, 69, 1008–1025. [CrossRef] [PubMed]

4. Ansotegui, I.J.; Melioli, G.; Canonica, G.W.; Caraballo, L.; Villa, E.; Ebisawa, M.; Passalacqua, G.; Savi, E.; Ebo, D.; Gómez, R.M.;
et al. IgE allergy diagnostics and other relevant tests in allergy, a World Allergy Organization position paper. World Allergy Organ
J. 2020, 13, 100080. [CrossRef]

5. Kleine-Tebbe, J.; Jakob, T. Molecular allergy diagnostics using IgE singleplex determinations: Methodological and practical
considerations for use in clinical routine: Part 18 of the Series Molecular Allergology. Allergo J. Int. 2015, 24, 185–197. [CrossRef]

6. Jakob, T.; Forstenlechner, P.; Matricardi, P.; Kleine-Tebbe, J. Molecular allergy diagnostics using multiplex assays: Methodological
and practical considerations for use in research and clinical routine: Part 21 of the Series Molecular Allergology. Allergo J. Int.
2015, 24, 320–332. [CrossRef]

7. Wauthier, L.; Cabo, J.; Eucher, C.; Rosseels, C.; Elsen, M.; Favresse, J. Biotin interference in immunoassays: Water under the
bridge? Clin. Chem. Lab. Med. 2023. advance online publication. [CrossRef]

8. Liu, D.; Gebreab, Y.B.; Hu, J.; Zhou, L.; Zhang, N.; Tong, H.; Chen, B.; Wang, X. Development and Evaluation of an Anti-Biotin
Interference Method in Biotin-Streptavidin Immunoassays. Diagnostics 2022, 12, 1729. [CrossRef]

9. ELISA Handbook Principle, Troubleshooting, Sample Preparation and Assay Protocols. Available online: https://www.bosterbio.
com/media/pdf/ELISA_Handbook.pdf (accessed on 3 June 2023).

10. Yunginger, J.W.; Ahlstedt, S.; Eggleston, P.A.; Homburger, H.A.; Nelson, H.S.; Ownby, D.R.; Platts-Mills, T.A.; Sampson, H.A.;
Sicherer, S.H.; Weinstein, A.M.; et al. Quantitative IgE antibody assays in allergic diseases. J. Allergy Clin. Immunol. 2000, 105 Pt 1,
1077–1084. [CrossRef]

11. Technical Guide for ELISA. Available online: https://www.seracare.com/globalassets/seracare-resources/tg-protocols-and-
troubleshooting.pdf (accessed on 3 June 2023).

12. Hamilton, R.G.; Matsson, P.N.J.; Chan, S.; Cleve, M.; van Hovanec-Burns, D.; Magnusson, C.; Quicho, R.; Adkinson, N.F.
Analytical performance characteristics, quality assurance and clinical utility of immunological assays for human immunoglobulin
E (IgE) antibodies of defined allergen specificities. J. Allergy Clin. Immunol. 2015, 135, AB8. Available online: https://clsi.org/
media/1414/ila20ed3_sample.pdf (accessed on 3 June 2023). [CrossRef]

13. Schmidta, M.; Hoffmanb, D.R. Expression systems for production of recombinant allergens. Int. Arch. Allergy Immunol. 2002, 128,
264–270. [CrossRef] [PubMed]

14. Tscheppe, A.; Breiteneder, H. Recombinant Allergens in Structural Biology, Diagnosis, and Immunotherapy. Int. Arch. Allergy
Immunol. 2017, 172, 187–202. [CrossRef] [PubMed]

https://doi.org/10.1186/s40413-016-0115-2
https://www.ncbi.nlm.nih.gov/pubmed/27551327
https://doi.org/10.2500/aap.2019.40.4274
https://www.ncbi.nlm.nih.gov/pubmed/31690397
https://doi.org/10.1111/all.12429
https://www.ncbi.nlm.nih.gov/pubmed/24909706
https://doi.org/10.1016/j.waojou.2019.100080
https://doi.org/10.1007/s40629-015-0067-z
https://doi.org/10.1007/s40629-015-0087-8
https://doi.org/10.1515/cclm-2023-0242
https://doi.org/10.3390/diagnostics12071729
https://www.bosterbio.com/media/pdf/ELISA_Handbook.pdf
https://www.bosterbio.com/media/pdf/ELISA_Handbook.pdf
https://doi.org/10.1067/mai.2000.107041
https://www.seracare.com/globalassets/seracare-resources/tg-protocols-and-troubleshooting.pdf
https://www.seracare.com/globalassets/seracare-resources/tg-protocols-and-troubleshooting.pdf
https://clsi.org/media/1414/ila20ed3_sample.pdf
https://clsi.org/media/1414/ila20ed3_sample.pdf
https://doi.org/10.1016/j.jaci.2014.12.961
https://doi.org/10.1159/000063865
https://www.ncbi.nlm.nih.gov/pubmed/12218364
https://doi.org/10.1159/000464104
https://www.ncbi.nlm.nih.gov/pubmed/28467993


Curr. Issues Mol. Biol. 2023, 45 5492

15. Curin, M.; Garib, V.; Valenta, R. Single recombinant and purified major allergens and peptides: How they are made and how they
change allergy diagnosis and treatment. Ann. Allergy Asthma. Immunol. 2017, 119, 201–209. [CrossRef] [PubMed]

16. Jutel, M.; Solarewicz-Madejek, K.; Smolinska, S. Recombinant allergens: The present and the future. Hum. Vaccin. Immunother.
2012, 8, 1534–1543. [CrossRef] [PubMed]

17. Kleine-Tebb, J.; Jakob, T. (Eds.) Molecular Allergy Diagnostics Innovation for a Better Patient Management; Springer International
Publishing: New York, NY, USA, 2017; ISBN 978-3-319-42498-9. [CrossRef]

18. Siekierzynska, A.; Piasecka-Kwiatkowska, D.; Litwinczuk, W.; Burzynska, M.; Myszka, A.; Karpinski, P.; Zygala, E.; Piorecki,
N.; Springer, E.; Sozanski, T. Molecular and Immunological Identification of Low Allergenic Fruits among Old and New Apple
Varieties. Int. J. Mol. Sci. 2021, 22, 3527. [CrossRef]

19. Ferrari, E.; Breda, D.; Spisni, A.; Burastero, S.E. Component-Resolved Diagnosis Based on a Recombinant Variant of Mus m 1
Lipocalin Allergen. Int. J. Mol. Sci. 2023, 24, 1193. [CrossRef]

20. Luengo, O.; Labrador-Horrillo, M. Molecular Allergy Diagnosis in Clinical Practice: Frequently Asked Questions. J. Investig.
Allergol. Clin. Immunol. 2022, 32, 1–12. [CrossRef]

21. Barber, D.; Diaz-Perales, A.; Escribese, M.M.; Kleine-Tebbe, J.; Matricardi, P.M.; Ollert, M.; Santos, A.F.; Sastre, J. Molecular
allergology and its impact in specific allergy diagnosis and therapy. Allergy 2021, 76, 3642–3658. [CrossRef]

22. Ansotegui, I.J.; Melioli, G.; Canonica, G.W.; Gomez, R.M.; Jensen-Jarolim, E.; Luengo, O.; Caraballo, L.; Passalacqua, G.; Poulsen,
L.K.; Savi, K.; et al. A WAO–ARIA–GA2LEN consensus document on molecular-based allergy diagnosis (PAMD@): Update 2020.
World Allergy Organ J. 2020, 13, 100091. [CrossRef]

23. Neagu, M.; Bostan, M.; Constantin, C. Protein microarray technology: Assisting personalized medicine in oncology (Review).
World Acad. Sci. J. 2019, 1, 113–124. [CrossRef]

24. Westwood, M.; Ramaekers, B.; Lang, S.; Armstrong, N.; Noake, C.; de Kock, S.; Joore, M.; Severens, J.; Kleijnen, J. ImmunoCAP®

ISAC and Microtest for multiplet allergen testing in people with difficult to manage allergic disease: A systematic review and
cost analysis. Health Technol. Assess. 2016, 20, 1–178. [CrossRef]

25. Available online: https://www.thermofisher.com/phadia/wo/en/our-solutions/immunocap-allergy-solutions/specific-ige-
multiplex.html (accessed on 3 June 2023).

26. Melioli, G.; Spenser, C.; Reggiardo, G.; Passalacqua, G.; Compalati, E.; Rogkakou, A.; Riccio, A.M.; Di Leo, E.; Nettis, E.; Canonica,
G.W. Allergenius, an expert system for the interpretation of allergen microarray results. World Allergy Organ J. 2014, 7, 15–23.
[CrossRef] [PubMed]

27. Bojcukova, J.; Vlas, T.; Forstenlechner, P.; Panzner, P. Comparison of two multiplex arrays in the diagnostics of allergy. Clin. Transl.
Allergy 2019, 9, 31–36. [CrossRef]

28. Platteel, A.C.M.; van der Pol, P.; Murk, J.L.; Verbrugge-Bakker, I.; Hack-Steemers, M.; Roovers, T.H.W.M.; Heron, M. A
comprehensive comparison between ISAC and ALEX2 multiplex test systems. Clin. Chem. Lab. Med. 2022, 60, 1046–1052.
[CrossRef] [PubMed]

29. Alessandri, C.; Ferrara, R.; Bernardi, M.L.; Zennaro, D.; Tuppo, L.; Giangrieco, I.; Tamburrini, M.; Mari, A.; Ciardiello, M.A.
Diagnosing allergic sensitizations in the third millennium: Why clinicians should know allergen molecule structures. Clin. Transl.
Allergy 2017, 7, 21–29. [CrossRef]

30. De Morais, M.G.; Martins, V.G.; Steffens, D.; Pranke, P.; da Costa, J.A. Biological applications of nanobiotechnology. J. Nanosci.
Nanotechnol. 2014, 14, 1007–1017. [CrossRef] [PubMed]

31. Salata, O. Applications of nanoparticles in biology and medicine. J. Nanotechnol. 2004, 2, 3. [CrossRef]
32. Reagen, S.; Zhao, J.X. Analysis of Nanomaterials on Biological and Environmental Systems and New Analytical Methods for

Improved Detection. Int. J. Mol. Sci. 2022, 23, 6331. [CrossRef]
33. Popescu, F.D.; Vieru, M. Precision medicine allergy immunoassay methods for assessing immunoglobulin E sensitization to

aeroallergen molecules. World J. Methodol. 2018, 8, 17–36. [CrossRef]
34. Heffler, E.; Puggioni, F.; Peveri, S.; Montagni, M.; Canonica, G.W.; Melioli, G. Extended IgE profile based on an allergen

macroarray: A novel tool for precision medicine in allergy diagnosis. World Allergy Organ J. 2018, 11, 7–14. [CrossRef]
35. Kochuyt, A.M.; Van Hoeyveld, E.M.; Stevens, E.A. Prevalence and clinical relevance of specific immunoglobulin E to pollen

caused by sting-induced specific immunoglobulin E to cross-reacting carbohydrate determinants in Hymenoptera venoms. Clin.
Exp. Allergy 2005, 35, 441–447. [CrossRef] [PubMed]

36. Mari, A. IgE to cross-reactive carbohydrate determinants: Analysis of the distribution and appraisal of the in vivo and in vitro
reactivity. Int. Arch. Allergy Immunol. 2002, 129, 286–295. [CrossRef] [PubMed]

37. Altmann, F. Coping with cross-reactive carbohydrate determinants in allergy diagnosis. Allergo J. Int. 2016, 25, 98–105. [CrossRef]
[PubMed]

38. Chen, H.; Jiang, Q.; Yang, Y.; Zhang, W.; Yang, L.; Zhu, R. Cross-Reacting Carbohydrate Determinants Inhibitor Can Improve the
Diagnostic Accuracy in Pollen and Food Allergy. J. Asthma Allergy 2022, 15, 713–725. [CrossRef]

39. Sinson, E.; Ocampo, C.; Liao, C.; Nguyen, S.; Dinh, L.; Rodems, K.; Whitters, E.; Hamilton, R.G. Cross-reactive carbohydrate
determinant interference in cellulose-based IgE allergy tests utilizing recombinant allergen components. PLoS ONE 2020, 15,
e0231344. [CrossRef]

40. Luo, W.; Huang, H.; Zheng, P.; Zheng, J.; Sun, B. CCD Inhibition Test Can Improve the Accuracy of the Detection of Pollen and
Seed Food Allergen-Specific IgE in Southern China. J. Asthma Allergy 2021, 14, 439–447. [CrossRef]

https://doi.org/10.1016/j.anai.2016.11.022
https://www.ncbi.nlm.nih.gov/pubmed/28890016
https://doi.org/10.4161/hv.22064
https://www.ncbi.nlm.nih.gov/pubmed/23095874
https://doi.org/10.1007/978-3-319-42499-6
https://doi.org/10.3390/ijms22073527
https://doi.org/10.3390/ijms24021193
https://doi.org/10.18176/jiaci.0769
https://doi.org/10.1111/all.14969
https://doi.org/10.1016/j.waojou.2019.100091
https://doi.org/10.3892/wasj.2019.15
https://doi.org/10.3310/hta20670
https://www.thermofisher.com/phadia/wo/en/our-solutions/immunocap-allergy-solutions/specific-ige-multiplex.html
https://www.thermofisher.com/phadia/wo/en/our-solutions/immunocap-allergy-solutions/specific-ige-multiplex.html
https://doi.org/10.1186/1939-4551-7-15
https://www.ncbi.nlm.nih.gov/pubmed/24995073
https://doi.org/10.1186/s13601-019-0270-y
https://doi.org/10.1515/cclm-2022-0191
https://www.ncbi.nlm.nih.gov/pubmed/35470638
https://doi.org/10.1186/s13601-017-0158-7
https://doi.org/10.1166/jnn.2014.8748
https://www.ncbi.nlm.nih.gov/pubmed/24730317
https://doi.org/10.1186/1477-3155-2-3
https://doi.org/10.3390/ijms23116331
https://doi.org/10.5662/wjm.v8.i3.17
https://doi.org/10.1186/s40413-018-0186-3
https://doi.org/10.1111/j.1365-2222.2005.02217.x
https://www.ncbi.nlm.nih.gov/pubmed/15836751
https://doi.org/10.1159/000067591
https://www.ncbi.nlm.nih.gov/pubmed/12483033
https://doi.org/10.1007/s40629-016-0115-3
https://www.ncbi.nlm.nih.gov/pubmed/27656353
https://doi.org/10.2147/JAA.S363206
https://doi.org/10.1371/journal.pone.0231344
https://doi.org/10.2147/JAA.S302920


Curr. Issues Mol. Biol. 2023, 45 5493

41. Holzweber, F.; Svehla, E.; Fellner, W.; Dalik, T.; Stubler, S.; Hemmer, W.; Altmann, F. Inhibition of IgE binding to cross-reactive
carbohydrate determinants enhances diagnostic selectivity. Allergy 2013, 68, 1269–1277. [CrossRef]

42. Available online: www.proglycan.com (accessed on 7 May 2023).
43. Available online: https://www.macroarraydx.com/products/alex (accessed on 3 June 2023).
44. Villalta, D.; Tonutti, E.; Bizzaro, N.; Brusca, I.; Sargentini, V.; Asero, R.; Bilo, M.B.; Manzotti, G.; Murzilli, F.; Cecchi, L.; et al.

Recommendations for the use of molecular diagnostics in the diagnosis of allergic diseases. Eur. Ann. Allergy Clin. Immunol. 2018,
50, 51–58. [CrossRef]

45. Peveri, S.; Pattini, S.; Costantino, M.T.; Incorvaia, C.; Montagni, M.; Roncallo, C.; Villalta, D.; Savi, E. Molecular diagnostics
improves diagnosis and treatment of respiratory allergy and food allergy with economic optimization and cost saving. Allergol.
Immunopathol. 2019, 47, 64–72. [CrossRef]

46. Diem, L.; Neuher, B.; Rohrhofer, J.; Koidl, L.; Asero, R.; Brockow, K.; Diaz Perales, A.; Faber, M.; Gebhardt, J.; Torres, M.J.; et al.
Real-life evaluation of molecular multiplex IgE test methods in the diagnosis of pollen associated food allergy. Allergy 2022, 77,
3028–3040. [CrossRef]

47. Santos, A.F.; Kulis, M.D.; Sampson, H.A. Bringing the Next Generation of Food Allergy Diagnostics into the Clinic. J. Allergy Clin.
Immunol. Pract. 2022, 10, 1–9. [CrossRef] [PubMed]

48. Suprun, M.; Getts, R.; Raghunathan, R.; Grishina, G.; Witmer, M.; Gimenez, G.; Sampson, H.A.; Suárez-Fariñas, M. Novel
Bead-Based Epitope Assay is a sensitive and reliable tool for profiling epitope-specific antibody repertoire in food allergy. Sci.
Rep. 2019, 9, 18425. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1111/all.12229
www.proglycan.com
https://www.macroarraydx.com/products/alex
https://doi.org/10.23822/EurAnnACI.1764-1489.32
https://doi.org/10.1016/j.aller.2018.05.008
https://doi.org/10.1111/all.15329
https://doi.org/10.1016/j.jaip.2021.09.009
https://www.ncbi.nlm.nih.gov/pubmed/34530176
https://doi.org/10.1038/s41598-019-54868-7
https://www.ncbi.nlm.nih.gov/pubmed/31804555

	Introduction 
	Allergy Diagnosis Based on the Measurement of Allergen-Specific IgE (sIgE) 
	Molecular Allergy Diagnostic-Technical Aspects and Current Possibilities 
	Singleplex (Monocomponent) Molecular Allergy Diagnostic 
	Multiplex (Multicomponent) Molecular Allergy Diagnostic 
	ISAC (Immuno Solid-Phase Allergen Chip; ThermoFisher Scientific, Waltham, MA, USA) 
	ALEX (ALLERGY XPLORER, MacroArray Diagnostics GmbH (MADx), Vienna, Austria) 


	Summary, Conclusions and Future Perspectives 
	References

