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Abstract

Molecular-based allergy (MA) diagnostics is an approach used to map the allergen sensitization of a patient at a
molecular level, using purified natural or recombinant allergenic molecules (allergen components) instead of
allergen extracts. Since its introduction, MA diagnostics has increasingly entered routine care, with currently more
than 130 allergenic molecules commercially available for in vitro specific IgE (sIgE) testing.

MA diagnostics allows for an increased accuracy in allergy diagnosis and prognosis and plays an important role in
three key aspects of allergy diagnosis: (1) resolving genuine versus cross-reactive sensitization in poly-sensitized
patients, thereby improving the understanding of triggering allergens; (2) assessing, in selected cases, the risk of
severe, systemic versus mild, local reactions in food allergy, thereby reducing unnecessary anxiety for the patient
and the need for food challenge testing; and (3) identifying patients and triggering allergens for specific
immunotherapy (SIT).

Singleplex and multiplex measurement platforms are available for MA diagnostics. The Immuno-Solid phase
Allergen Chip (ISAC) is the most comprehensive platform currently available, which involves a biochip technology
to measure sIgE antibodies against more than one hundred allergenic molecules in a single assay. As the field of
MA diagnostics advances, future work needs to focus on large-scale, population-based studies involving practical
applications, elucidation and expansion of additional allergenic molecules, and support for appropriate test
interpretation. With the rapidly expanding evidence-base for MA diagnosis, there is a need for allergists to keep
abreast of the latest information. The aim of this consensus document is to provide a practical guide for the
indications, determination, and interpretation of MA diagnostics for clinicians trained in allergology.
* Correspondence: canonica@unige.it
1Allergy & Respiratory, DIMI, Department of Internal Medicine, University of
Genoa, Largo Rosanna Benzi, Genoa, Italy
Full list of author information is available at the end of the article

© 2013 Canonica et al.; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

mailto:canonica@unige.it
http://creativecommons.org/licenses/by/2.0


Canonica et al. World Allergy Organization Journal 2013, 6:17 Page 2 of 17
http://www.waojournal.org/content/6/1/17
Introduction

� In summary, molecular allergy (MA) diagnostics is
increasingly entering routine care, and currently,
more than 130 allergenic molecules are commercially
available for in vitro specific immunoglobulin E
(sIgE) testing.

� MA diagnostics may initially appear complicated;
however, with increasing experience, the information
gained is generally simple and provides relevant
information for the allergist. This is especially true
with regard to food allergy and for the selection of
specific immunotherapy.

� Nevertheless, all sIgE tests including MA diagnostics
should be evaluated within the framework of a
patient’s clinical history, since allergen sensitization
does not necessarily imply clinical responsiveness.

� Clinicians and immunologists specifically trained in
allergology must keep abreast of the new and rapidly
evolving evidence available for MA diagnostics.

In the late 1960s, the discovery of the immunoglobulin
(IgE) antibody provided a specific biomarker that could
be used to identify allergic diseases triggered by environ-
mental allergens (i.e., generally proteins). Traditional IgE
antibody tests such as skin prick tests (SPT) or in vitro
specific IgE (sIgE) tests are based on crude extracts
composed of allergenic and non-allergenic molecules
obtained from an allergenic source. With the application
of DNA technology in the late 1980’s, allergenic mole-
cules were characterized and cloned in order to resolve
the determinants of various allergic diseases [1-4]. The
availability of allergenic molecules in the last decade
has ushered in a new phase of diagnostics, termed
molecular-based allergy (MA) diagnostics, that allows
for improved management of allergic diseases [5].
Today, many of the most common allergenic molecules

have been cloned or purified, have had their three-
dimensional structures elucidated, and can be consistently
produced [6]. Because of the growing number of allergens
identified, a systematic allergen nomenclature, approved
by the World Health Organization and International
Union of Immunological Species (WHO/IUIS) Allergen
Nomenclature Subcommittee, has been established. The
subcommittee is in charge of developing and maintaining
the systematic nomenclature developed for allergenic mol-
ecules, as well as a comprehensive database of known al-
lergenic proteins that can be accessed at www.allergen.org.
Allergenic molecules are named using their Latin family
name (genus and species). For example, allergens that
begin with Phl p are from Phleum pratense (timothy
grass). A number is added to the name to distinguish the
various allergens from the same species (e.g., Phl p 1, Phl
p 2, etc.). The numbers are assigned to the allergens in the
order of their identification. Allergenic molecules are clas-
sified into protein families, according to their structure
and biological function [7]. Many different molecules
share common epitopes (antibody binding sites) and the
same IgE antibody can bind and induce an immune re-
sponse to allergenic molecules with similar structures
from various allergen sources. These cross-reactive aller-
gens give valuable information regarding sensitization to
several different sources. In contrast, some molecules are
unique markers for specific allergen sources, allowing for
the identification of the primary sensitizer.
MA diagnostics is increasingly entering routine care

and can improve management of allergic patients. This
is particularly evident in food allergy [8-10]. Knowledge
of the allergenic molecules the patient is sensitized to
can help to discriminate between likelihood of local
versus systemic reactions and persistence of clinical
symptoms. For example, some allergens such as storage
proteins in peanuts (e.g. Ara h 2) and nuts (e.g. Cor a 9)
have been shown to be associated with severe reactions,
while other allergens cause sensitization mostly without
a clinical reaction. Another important aspect, difficult to
elucidate using traditional tests, is the stability of the
allergen. Allergens that are stable to heat and digestion
(e.g., Ara h 2 from peanut) are more likely to cause se-
vere clinical reactions, whereas heat and digestion labile
molecules (e.g., Ara h 8 from peanut) are more likely to
cause milder, local reactions or be tolerated. Similarly,
identifying whether the sensitization is genuine in nature
or due to cross-reactivity help to evaluate the likelihood
of reaction on exposure to different allergen sources [8].
Molecular diagnostics may also improve the selection of
both patients and specific allergens for specific immuno-
therapy (SIT) for inhalant allergies (e.g., for pollen)
[11,12] and hymenoptera venom allergy [13,14]. An ever
increasing number of studies focusing on different aller-
genic molecules or allergic diseases are rapidly being
published. However, the search for more, clinically rele-
vant molecules is needed and ongoing.
The presence of IgE antibodies against allergenic mol-

ecules may be determined using a singleplex (one assay
per sample) or multiplex (multiple assays per sample)
measurement platform. A singleplex platform allows the
doctor to select those allergenic molecules necessary for
an accurate diagnosis defined by the clinical history of
the patient. The multiplex approach allows for charac-
terization of the IgE response against a broad array of
pre-selected allergens on a chip independently of the clin-
ical history. There is one commercially available multiplex
immuno-solid phase allergen chip (ISAC) which contains
more than 100 allergens from about 50 allergen sources.
The large number of allergens provides extensive and de-
tailed information about a patient’s sensitization profile
[12,15]. ISAC is especially suited for use in patients with
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complex sensitization pattern or symptoms. The ISAC
technology is a promising MA approach for improved
diagnosis, prognosis, and selection of patients for SIT.
While it is a commercial product, it has been the mainstay
of many investigator studies so far.
In summary, with increasing experience, MA diagnostics

is generally straightforward to interpret and can provide
relevant, additional information for the allergist. However,
the clinical utility of many of the allergenic molecules
needs further investigation. Because of the speed at which
new data on MA diagnostics is becoming available, clini-
cians are required to keep pace with a large amount of
novel information. This WAO - ARIA - GA2LEN consen-
sus document on Molecular-based allergy diagnostics pro-
vides a practical guide for the indication, determination,
and interpretation of MA diagnostics that is aimed for cli-
nicians specifically trained in allergology.
Definitions and concepts
Allergen source
A tissue, particle, food or organism inducing allergy (e.g.
cat dander, D. pteronyssinus, milk, Aspergillus fumigatus,
Phleum pratense pollen, etc.).
Allergen extract
A crude, unfractionated mixture of allergenic and non-
allergenic proteins, polysaccharides, and lipids obtained by
extraction from an allergen source (e.g., pollen grains).
Allergenic molecule (allergen component)
A molecule (i.e., protein or glycoprotein) derived from a
given allergen source that is identified by sIgE antibodies
(hereafter referred to as allergen). Allergens can be iso-
lated from natural allergen sources (native, purified aller-
gen) or can be produced by using recombinant DNA
technology (recombinant allergen).
Stability of allergens
Allergens that are susceptible to acid pH in context with
peptic digestion (relevant at the gastric level) are not
able to cross the gastric barrier (except possibly in pa-
tients treated with antacid drugs [16]). Temperature
(cooking or boiling) susceptibility indicates that the al-
lergen does not maintain its allergenicity after cooking/
heating procedures. Heating may occur in the industrial
processing of food for production and in domestic
cooking. The structure of allergens susceptible to prote-
ase digestion is affected by gastric and pancreatic en-
zymes. Accordingly, allergens sensitive to these factors
are considered labile, while those that are not are con-
sidered to be stable.
More about allergenic molecules
A genuine allergen causes specific sensitization to its
corresponding allergen source. Major allergens are de-
fined as those that bind to IgE in 50% or more of pa-
tients with the same allergy; in other words, the majority
of patients (≥50%) with the same allergy are sensitized to
the allergen in question. A primary allergen is the ori-
ginal sensitizing molecule (i.e., the driving trigger; in
contrast to secondary sensitization due to cross-reac-
tivity). In general, major allergens are also genuine and
primary. Finally, the abundance of a molecule present
in the allergen source is also a parameter to take into
consideration.
Cross-reactivity: the phenomenon of an IgE antibody

recognizing, binding, and inducing an immune response
to similar allergenic molecules (homologues) present in
different species; for example, an IgE antibody that binds
and reacts to both Bet v 1 in birch pollen and Cor a 1 in
hazelnut due to their structural similarity (generally char-
acterized by greater than 50%-70% sequence homology be-
tween the primary structures of the proteins). IgE cross-
reactivity often occurs between the following:

a) Allergenic molecules in closely related species (e.g.,
between grass or between mite allergens);

b) Well preserved molecules with similar function
present in widely different species that belong to the
same protein family (e.g., members of the
tropomyosin protein family, such as Der p 10 in
house dust mite and Pen m 1 in black tiger shrimp).

Component resolved diagnostics (CRD)
See molecular-based allergy diagnostics.

Co-sensitization
Genuine sensitization to more than one allergen source
(e.g., timothy grass and birch), where the sensitization is
not due to cross-reactivity.

CCD
Cross-reactive carbohydrate determinant. CCDs are
carbohydrate moieties of glycoproteins. The most com-
monly described is MUXF3 [17].

Epitope
The region of the protein recognized and bound by an
antibody (i.e., the antibody binding site).

Molecular-based allergy (MA) diagnostics
A diagnostic approach to define the allergen sensiti-
zation of a patient at the molecular level using purified
natural or recombinant allergen on singleplex or multi-
plex measurement platforms.
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Pan-allergen
A cross-reactive allergen, belonging to a protein family
well preserved throughout many widely different species,
able to trigger IgE antibody binding (e.g., profilins or
serum albumins). See also definition of cross-reactivity (b).

Recombinant allergen
An allergenic molecule produced using DNA cloning
and protein purification techniques. Recombinant aller-
gens can be produced with consistency in terms of qual-
ity and amounts, and without CCD structures. Allergen
extracts cannot be produced by recombinant techniques.

sIgE concentration/level

a) High level: represents a high concentration of sIgE
antibodies specific for an allergenic extract or
molecule. Generally, the higher the sIgE level the
higher the probability of clinical reactions. Some
allergens also have a high probability of inducing
severe reactions at low sIgE concentrations (e.g.,
storage proteins and lipid transfer proteins [LTPs]),
while others typically do not result in any clinical
reactions despite high sIgE concentrations (e.g.,
cross-reactive carbohydrate determinants [CCD]).

b) Low level: Represents a low concentration of sIgE
antibodies specific for an allergen extract or molecule.

sIgE sensitization
Presence of allergen-specific IgE (sIgE) antibodies in the
blood that may occur in the presence or absence of clin-
ical symptoms.

a) Mono-sensitization: Sensitization to one allergen
source (Dermatophagoides pteronyssinus) or to a
closely related taxonomical family or group of
allergen sources (i.e., mites).

b) Poly- (or multi-) sensitization: Sensitization to three
or more allergen sources (e.g., mite, birch, and grass
pollen).

sIgE detection based on allergen extracts
Singleplex or multiplex platforms for in vitro measure-
ment of sIgE reactivity to allergen extracts. Terms such as
CAP, radioallergosorbent test (RAST), sIgE and in vitro-
test are often used interchangeably for this technique.
However, the performance of different measurement plat-
forms differs and this should be taken into consideration
when reporting and comparing results. This approach
cannot identify cross-reacting molecules.

sIgE detection based on allergenic molecules
Singleplex or multiplex platforms for in vitro measure-
ment of sIgE reactivity to allergenic molecules.
Increase accuracy and resolve cross-reactivity

� One of the most important implications of
molecular-based allergy (MA) diagnosis is its ability
to distinguish genuine sensitization from sensitization
due to cross-reactivity.

� This information helps the clinician to determine
whether a single, a few closely related, or several widely
different allergen sources need to be considered.

Allergic individuals may produce IgE antibodies to al-
lergens that are either unique to a single species or com-
mon to many. Thus, the individual may show a genuine
sensitivity to a given allergen or may show sensitivity to
many unrelated species as a consequence of immuno-
logical cross-reactivity to structurally related allergens.
In general, the closer the taxonomical relationship be-
tween species, the higher the degree of structural and
immunological similarity between the allergens.
However, proteins with important biological functions

are often well preserved and ubiquitous throughout re-
lated and unrelated species. Proteins are classified into
protein families according to their biological function
and structure [7]. Proteins within the same family share
common epitopes and the same IgE antibody can bind
to similar structures present in allergens from differ-
ent allergen sources. These cross-reactive allergens give
valuable information on potential sensitization and clin-
ical reactions to several different sources. For example,
IgE antibodies formed against either pathogenesis-related
(PR)-10 protein family members Bet v 1, a birch pollen
allergen, or Mal d 1, an apple allergen, cross-react and
give rise to sensitivity to both birch and apple. Examples
of other common cross-reacting allergen families are
listed in Additional file 1: Table S1 [8,18-25]. It is worth
noting that some cross-reacting molecules can cause
clinically relevant symptoms, while others usually do not.
While, MA studies have not fully elucidated the under-
lying mechanism governing cross-reactivity and symp-
tom presentation, it is likely that analysis of the epitopes
of key allergens will provide insight into this issue [26].
Currently, a large number of purified or recombinant
allergens are commercially available. Additional file 2:
Table S2 provides an overview of available allergens
for in vitro testing, as of January 2013.
In contrast, specific allergens are markers for their re-

spective allergen sources, allowing identification of the
primary sensitizer. One of the most important clinical
uses of MA is its ability to identify the offending aller-
genic molecule and to distinguish specific molecules
from markers of cross-reactivity. Thus, the probability
of a clinical reaction on exposure to different allergen
sources may be defined, in some cases, by the pattern of
sensitization to different allergens.
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In the field of pollen-related food allergy, MA has
demonstrated its ability to play an important role by
increasing the accuracy of diagnosis. As an example of
this, in peanut allergic patients, sensitization to Ara h 2
is considered a genuine marker for peanut that may
induce systemic reactions, while Ara h 8 is a marker for
cross-reactivity among food allergens and Fagales tree
pollen and is mainly associated with mild, oral reactions
[8,27]. Therefore, measuring IgE responses to certain
food allergens may reduce the need for food challenges
[28-30]. In patients sensitized to different pollen species,
MA diagnostics is able to improve the resolution of a
conventional diagnostics obtained by skin tests in a sub-
stantial number of cases, either by detecting new rele-
vant sensitizations or by ruling out clinically irrelevant
sensitizations caused by non-symptomatic cross-reactive
allergens [11,31]. For example, MA diagnostics can help
to distinguish baker’s asthma from pollen or wheat
allergy [32].
In conventional SPTs, some allergens can be poorly

represented in extracts because of the biological varia-
bility of the allergen source. For instance, Can f 5, a
prostate-derived allergen produced by male dogs, is a
dog allergen responsible for sensitivity in up to 38% of
dog-allergic patients [33]. Allergen extracts used in skin
tests, however, typically use dog hair as an allergen
source. As a result, these skin tests routinely fail to iden-
tify patients’ sensitivity to Can f 5, likely due to its low
concentration in dog hair [33]. Determination of the IgE
response to Can f 5 using MA diagnostics may enhance
the accuracy of dog allergy diagnosis.
When testing a limited panel of molecules, only what

is measured can be detected; in other words, when using
Phleum pratense positive SPT or sIgE test, Phl p 1 and
Phl p5 will be able to define genuine sensitization, while
Phl p 7 and Phl p 12 will identify sIgE for polcalcins and
profilins, respectively. The presence of other molecules
such as Phl p 2 and Phl p 4 could improve the accuracy
of the diagnosis. If all of these molecules are studied, a
fairly representative IgE profile for P. pratense would be
obtained; if only one or a few molecules are evaluated,
the characterization of the IgE profile would be less
accurate. Thus, the descriptive quality of the sIgE profile
will be based on the choice of tests prescribed by the
clinician.
Nevertheless, it must be kept in mind that all allergy

diagnostics, including MA, should be evaluated within the
framework of a patient’s clinical history, because IgE
sensitization towards a given allergen does not necessarily
imply clinical responsiveness. This is of particular import-
ance, since allergic patients respond in an individualized
manner to exposure to allergens from various sources, i.e.,
every individual produces their own unique IgE antibody
profile at the molecular level [12].
Assess the risk and type of reaction

� Molecular-based allergy (MA) diagnostics have
emerged into routine care due to its ability to
improve risk assessment, particularly for
food allergies.

� Different foods contain unique allergenic molecules
that are stable or labile to heat and digestion. The
stability of a molecule and a patient’s clinical history
help the clinician evaluate the risk of systemic versus
local reactions. Labile allergens are linked to local
reactions (typically oral symptoms) and cooked food
is often tolerated, whereas stable allergens tend to be
associated with systemic reactions in addition to
local reactions.

� MA diagnostics may decrease the need for
provocation testing and improve recommendations
for allergen avoidance.

Risk assessment of allergic individuals is one potential
application of MA diagnostics. Since patient sensitization
profiles may differ with regard to disease expression and
severity, detecting “low-risk” versus “high-risk” molecules
is an area of major interest that could reduce the use of
potentially harmful diagnostic procedures such as chal-
lenge tests. Such knowledge may also improve allergy
management recommendations to patients (e.g., exposure
reduction). This has been shown with the use of MA diag-
nostics in food, venom, respiratory and latex allergy [8,34].
In addition, the sensitization profile of a patient may
impact overall symptomatology, as poly-sensitization to
several different allergens from a single allergen source
may increase symptom severity [27,35].
Nevertheless, it must be noted that information may

only be applicable to the specific population which has
been studied, since it is known that both food and inhal-
ant sensitization profiles and disease expression differ
according to local exposures patterns characteristic of
the geographical region [36].

Food allergens
Generally, allergens resistant to heat and digestion often
trigger more severe allergic reactions (i.e., anaphylaxis)
compared to labile allergens, the latter which typically in-
duce local symptoms such as oral allergy syndrome (OAS)
(Table 1). In addition, the amount of a molecule present in
a food source is also a parameter to take into consider-
ation. The following text provides a few examples of how
IgE sensitization to different allergens from a food allergen
source can result in clinically unique reactions.

Peanut
Allergen sensitization profiles in peanut-allergic individ-
uals have been extensively studied. IgE antibodies against



Table 1 High- versus low-risk molecules from foods
giving rise to anaphylaxis

Source High risk Low risk

Peanut Ara h 1, 2, 3, 9 Ara h 8, profilin, CCD

Hazelnut Cor a 8, 9, 14 Profilin, CCD

Walnut Jug r 1, 2, 3 Profilin, CCD

Soy Gly m 5, 6, (4) Profilin, CCD

Rosacea fruits Pru p 3, Mal d 3 Pru p 1, Mal d 1, profilin, CCD

Wheat Tri a 14, Tri a 19 Profilin, CCD

KEY: CCD = Cross-reactive Carbohydrate Determinant.
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storage proteins such as Ara h 1, 2, and 3 have been as-
sociated with genuine peanut reactions; in contrast, iso-
lated sensitization to Ara h 8 (PR-10 protein and Bet v
1- homologue) is a marker of milder or local symptoms
[24,27,35,37]. In southern Europe, the LTP (Ara h 9) is a
prevalent sensitizing allergen that may act as a marker
of severity, as it is associated with systemic and more se-
vere reactions [8]. Further studies in other geographical
regions are needed for Ara h 9 [36]. Finally, patients
with profilin or CCD sensitization to peanut alone usu-
ally react with no or local oral symptoms, and heated
peanuts may be tolerated.

Soy
Sensitization to Gly m 5 and/or Gly m 6 has been asso-
ciated with severe reactions in allergic patients, while
Gly m 4 (PR-10) is commonly associated with OAS [38].
Nevertheless, in birch pollen-allergic individuals, the
combination of Gly m 4 sensitivity and intake of large
amounts of midly processed soy, such as soy drinks, can
induce a severe reaction [39]. Patients with profilin or
CCD sensitization to soy alone usually exhibit no, or local
oral symptoms, and heated soy may be tolerated.

Hazelnut
While sensitization to Cor a 1 (PR-10) is associated with
local reactions like OAS, Cor a 8 (LTP) and storage pro-
teins (e.g. Cor a 9 and Cor a 14) are more frequently rec-
ognized by IgE antibodies from patients with severe
symptoms [40-42]. Patients with profilin (Cor a 2) or CCD
sensitization to hazelnut alone usually exhibit no or local
oral symptoms and heated hazelnuts may be tolerated.

Walnut
Severe reactions in walnut-allergic patients are associated
with storage protein (Jug r 1, Jug r 2) or LTP (Jug r 3)
sensitization [43]. Walnut allergens have not been avail-
able on the market until recently, as is reflected by the lack
of recent clinical studies. Patients with profilin or CCD
sensitization to walnut alone usually exhibit no, or local
oral, symptoms and heated walnut may be tolerated.
Wheat
Sensitization to ω-5-gliadin (Tri a 19) is a risk factor for
immediate allergic reactions in children and for systemic
exercise-induced reactions in adults [44-46]. The wheat
LTP (Tri a 14) shows some degree of cross-reactivity
with other food LTPs, however more knowledge is
needed about its prevalence and clinical implication. Pa-
tients with profilin or CCD sensitization to wheat alone
usually exhibit no, or local oral, symptoms and heated
wheat may be tolerated.

Rosaceae fruits
Apple, peach, and other stone fruits are members of the
Rosaceae family. In patients allergic to these fruits, par-
ticularly to allergens such as PR-10 proteins (Mal d 1,
Pru p 1) or profilins (Pru p 4), local, oral reactions are
more frequent, since these protein families are sensitive
to heat and digestion. In contrast, sensitization to LTP
(Pru p 3), typical of the Mediterranean area, is associated
with a wide range of clinical expressions (from asymp-
tomatic to anaphylaxis), and is generally considered a
risk marker for severe reactions including co-factor
(e.g., exercise, alcohol or drugs) dependent anaphylaxis
[25,47-50].

Egg
High levels of sIgE antibodies to ovomucoid (Gal d 1) have
been identified as a risk factor for persistent egg allergy,
including reactions to cooked/heated egg, while undetect-
able levels indicate tolerance to cooked egg [51].

Milk
Casein (Bos d 8) and beta-lactoglobulin (Bos d 5) sIgE
antibodies are markers of persistent allergy to milk, includ-
ing heated milk, in milk allergic patients while undetect-
able levels indicate tolerance to baked milk products [52].

Fish
Parvalbumins (e.g., Gad c1 and Cyp c 1) are the major al-
lergens in fish and are typically stable to heat and diges-
tion. Parvalbumins show a high degree of cross-reactivity
whereby patients sensitized to one parvalbumin may also
react to parvalbumins from other fish, including carp,
cod, herring, plaice, mackerel, tuna, salmon, perch,
and eel [53-55].

Shellfish
Allergic reactions to crustaceans may be caused by tropo-
myosin, which shows high degree of cross-reactivity across
a wide variety of species, including mites [56]. Shrimp and
other shellfish also contain other clinically relevant aller-
gens, like sarcoplasmic calcium-binding protein and argin-
ine kinases [57].
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Meat allergy
Galactose-α-1,3-galactose (α-Gal) is a sugar structure
found on glycoproteins and glycolipids of non-primate
mammals and new world monkeys, but not on humans.
IgE-antibodies specific for α-Gal (anti-α-Gal-IgE) may
be associated with severe allergic symptoms and with
delayed-type anaphylaxis [58,59]. α-Gal is also present
on cat IgA which does not show high allergenic activity
[60], and on gelatine containing material. It is assumed
that sensitization to α-Gal can be induced by tick
bites or certain parasite infections [61-63]. Clinically,
α-Gal–sensitized patients may experience delayed imme-
diate type reactions to red meat (beef, pork, goat, deer)
anaphylaxis [58,59].
α-Gal is also present on the chimeric antibody

cetuximab (cancer drug), and patients sensitized to
α-Gal may react with anaphylactic reaction after the
administration of cetuximab. Testing for α-Gal before
administration of cetuximab should therefore be con-
sidered [64].
Bovine serum albumin (e.g. Bos d 6) is a heat labile

allergen present both in milk and beef, which may cause
cross-reactivity between different mammalian meat [65].
Inhalants
Pet dander
Higher levels of sIgE antibodies against Fel d 1 are associ-
ated with asthma in cat-allergic individuals [66]. Recogni-
tion of more than three animal-derived allergens such as
lipocalins (Mus m 1, Equ c 1, Fel d 4, Can f 1, 2), kallikrein
(Can f 5), and secretoglobin (Fel d 1) has been associated
with severe asthma in Swedish children [67]. More know-
ledge is needed in the area of pet allergy where many of
the patients are poly-sensitized to several pets and the
clinical history is often inconclusive, in addition the cross-
reactivities between e.g. cat, dog and horse is not fully
clarified at the MA level.
Pollen
Research in pollen allergy has focused on distinguishing
genuine allergens from those that are cross-reactive,
however, little is known regarding specific markers of se-
vere reactions. Nevertheless, some sensitivities to spe-
cific allergens may be markers of more severe symptoms
in pollen allergy, increasing the risk of systemic reactions
during immunotherapy, such as Ole e 9 and the pollen
LTP Ole e 7 [68].
Profilin sensitization is common among pollen allergic

patients and it is usually associated with mild or no
clinical symptoms. However, for a minority of patients,
profilin may be a risk factor for more severe reactions in
olive pollen-allergic individuals and in patients allergic
to certain plant foods like melon or citrus [8,25].
Mites
Although no specific sensitization profile has been
described as a risk factor for lower airway disease or
disease severity, a higher sIgE/IgG4 ratio for Der p 2 has
been associated with asthma [69,70]. Der p 10 (tropomy-
osin) is a minor allergen in mite-allergic patients,
however it may still indicate a risk for allergic reactions
to shellfish or snail, which can be severe [71].

Molds
In hypersensitivity reactions to Aspergillus fumigatus,
the presence of IgE antibody reactivity to Asp f 2, 4, and
6 may suggest allergic bronchopulmonary aspergillosis
(ABPA) [72], whereas sensitization to Asp f 1 and/or
Asp f 3 may be more indicative of allergic asthma [73].
These associations must still be confirmed in other
patient populations.

Cockroach
It was recently described that sensitization to Per a 2
correlates with severity of airway allergy in cockroach-
allergic patients [74]. Per a 2 is currently not commer-
cially available for in vitro testing; however, the Per a 2
homologue Bla g 2 is available. Cockroaches also contain
cross-reactive tropomyosin (Bla g 7), which indicates a
risk for allergic reactions to shellfish or snail, which can
be severe [71].

Other allergens
Latex
Sensitization to Hev b 8 (profilin) seems to be clinically
irrelevant and not related to clinical latex reactions. The
other latex allergens are linked to clinical reactions;
however, no association between allergens and severity
of reactions has been identified so far [75,76]. The cross-
reactive allergen responsible for the so called latex-fruit
syndrome are not fully clarified, although data indicate
that Hev b 5, 6 and 11 play a role [8,77].

Hymenoptera venoms
Most hymenoptera venom allergens possess CCDs that
are responsible for a portion of clinically irrelevant IgE
antibody cross-reactivity between bee and wasp venom.
Detection of recombinant venom allergens can discrim-
inate between genuine venom sensitization and cross-
reactivity due to CCDs in patients with double-positive
IgE results from traditional venom tests that are based
on allergen extract [8,13,14].

Specific immunotherapy

� Molecular-based allergy (MA) diagnostics represents
a useful tool to distinguish genuine sensitisations
from cross-reactions in poly-sensitized patients, when
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traditional diagnostic tests and clinical history are
unable to identify the relevant allergen(s) for specific
immunotherapy (SIT).

� Given that SIT is an expensive treatment typically
used over longer periods of time (3 to 5 years), correct
diagnosis, selection of truly eligible patients, and
identification of primary sensitizing allergen(s) are
important for optimal and cost-effective patient
management.

Specific immunotherapy (SIT) involves the administra-
tion, either subcutaneously or sublingually, of an extract
of the allergen responsible for clinical symptoms to in-
duce tolerance and reduce reactivity (i.e., symptoms) to
the allergen itself [78,79]. This is achieved through com-
plex immune modifications that involve both humoral
and cell-mediated immunity [80]. As a paradigm, aller-
gen immunotherapy is “specific”, meaning that it only
modifies the immune response against the allergen for
which the vaccination is being performed. As a conse-
quence, a precise etiological diagnosis is required for the
prescription of SIT, whereby the allergen responsible for
clinical symptoms must be unequivocally identified. In
some patients, a detailed clinical history and traditional
extract-based IgE testing (SPT and/or in vitro sIgE) is
sufficient to identify the relevant allergen(s) [81]. This is
especially true in the case of allergy to plants with a well-
defined pollen season, which does not overlap significantly
with that of other plants or other allergen sources.
However, the complexity of diagnosis increases when

the patient demonstrates poly-sensitization by traditional
diagnostic tests based on allergen extracts and their clin-
ical history is not sufficient to clarify the nature of the
sensitization. This may occur in a relatively high propor-
tion of patients [82,83]. In the United States, for in-
stance, such cases would involve preparing a vaccine for
SIT by mixing together all of the allergens that a patient
tests positive for [84,85]. Mixing numerous allergens ap-
pears to achieve good clinical efficacy; however, there
may be an inability to identify the responsible allergen in
the case of adverse events [86].
It is well recognized that, in many cases, multiple

positive results obtained with allergen extracts (i.e., SPT
and/or in vitro sIgE) are due to the presence of cross-
reactive allergens in the diagnostic extracts [87,88].
Certain proteins (e.g., profilins, polcalcins, LTPs, PR10,
tropomyosins) are highly conserved in a wide variety of
species. For instance, a patient who is primarily sensi-
tized to grasses may also test positive for birch with SPT
[89]. This cross-reactivity occurs because the birch ex-
tract used in SPT contains profilin (e.g., Bet v 2), which
are largely similar to those in grasses (e.g., Phl p 12).
Indeed, the use of recombinant/purified allergens
would allow for the discrimination between genuine
sensitizations and cross-reactivities. In the example
mentioned above a patient with sIgE antibodies against
Phl p 1 and Phl p 5 but no sIgE to Bet v 1 is truly sensi-
tized to grass. If sIgE antibodies to Phl p 12 (profilin)
were also detected, profilin sensitization would probably
be responsible for the positive SPT result obtained with
birch extract, which contains profilin as well. Thus,
using knowledge gained through the identification of
allergens, SIT would be prescribed for grass only. Simi-
larly, if a patient is sensitized to a traditional house dust
mite extract, but their IgE antibodies are specifically
directed against Der p 10 (tropomyosin) and not to Der
p 1, 2/ Der f 1, 2, SIT for mites should not be given, be-
cause mite extracts mainly contain Der p 1, 2/Der f 1, 2
and have variable or low amounts of Der p 10. Molecu-
lar diagnostics can also improve the selection of patients
for hymenoptera venom SIT. Sensitization to the major
allergens Api m 1 of honeybee and Ves v 5 and/or Ves v
1 of yellow jackets may be helpful in discriminating
between true double bee and wasp sensitization and
cross-reactivity due to CCDs [13].
In addition, most commercial allergen extracts used in

SIT are well standardized for major allergens, but con-
tain only minimal or variable amounts of minor aller-
gens [90,91]. Thus, patients with sensitization to minor
allergens alone will likely not receive sufficient amounts
of allergen to achieve a successful outcome by SIT. A
recent study reported that patients receiving a 2-year
course of SIT with either birch or grass pollen had a
much more favourable outcome with SIT when sen-
sitization to the marker allergens of birch or grass pollen
were detected compared to patients sensitized to only
minor, cross-reactive allergens [92].
In poly-sensitized patients, the most relevant sensitiz-

ing allergens for which SIT should be prescribed can be
more clearly identified with MA diagnostics. A recent
study reported that the use of MA diagnostics modified
the prescription of SIT compared to SPT in more than
50% of patients [11], suggesting that poly-sensitized
patients are at risk of incorrect SIT prescription.
Theoretically, a detailed identification of molecules to

which IgE antibodies are directed against would allow
for tailored SIT based only on allergens with a docu-
mented IgE response for each patient. In practice, this
does not seem feasible. First, the number of possible
combination of sensitization profiles is large when
taking into consideration all allergenic sources, [12];
second, recombinant vaccines do not perform better
than traditional allergen extracts, as observed in some
studies [93,94]; and third, each single recombinant/
purified allergen would need to be individually tested
and registered, which carries a substantial financial
burden for manufacturers. Thus, the reality of patient-
tailored SIT is still a distant prospect [95].
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Micro-array technology

� Molecular multiplex platforms help the clinician to
obtain an overview of the sensitization profile of the
patient with a small amount of serum and to
identify cross-reacting, unanticipated, or potentially
high risk allergens.

� Currently one multiplex platform is available on
the market (the Immuno-Solid phase Allergen Chip
(ISAC) platform). While not interchangeable, ISAC
results are similar with those obtained from
singleplex platforms. However, at low sIgE levels
ImmunoCAP is more sensitive than ISAC and this
should be considered when interpreting ISAC
results with regard to patient clinical history.

� Poly-sensitized pediatric and adult patients in whom
sensitization to cross-reacting allergens is suspected
are most suited for ISAC testing, especially when
both food and airborne allergens are involved.

MA diagnostics has been available on singleplex plat-
forms such as the ImmunoCAP, ImmuLite, and HyTech
platforms for many years. These platforms use panels of
single allergens together with the corresponding allergen
extract. Presently, MA diagnostics can also be performed
using multiplex technology to measure sIgE antibodies
against multiple allergens in a single assay [96]. This
technique allows for the testing of a large number of al-
lergens using a small amount of serum. Several research
platforms have been described in the literature, whereof
one, ImmunoCAP Immuno-Solid Phase Allergen Chip
(ISAC) (Phadia AB) is commercially available. The first
European Conformity (CE)-certified version of ISAC was
developed and launched by VBC-Genomics, Vienna, in
2003. The initial chip contained 23 allergens, and, since
then, it has continually been improved by providing a
larger number of allergens. In 2007, the chip contained
103 allergens and in 2011 the ISAC 112 chip was made
commercially available.
ImmunoCAP ISAC is a miniaturized immunoassay

platform, where allergens are immobilized in a micro-
array. A minimum of 30 μl of serum or plasma, obtained
from either capillary or venous blood, is needed to probe
the chip. The assay consists of a polymer-coated glass
slide that contains four microarrays, suitable for assaying
four simultaneous samples. The allergens are spotted in
triplicate and covalently immobilized on the chip. The
procedure consists of the following two main steps:
(1) IgE antibodies from a patient’s sample bind to the
immobilized allergens and (2) allergen-bound IgE anti-
bodies are detected by a fluorescence-labeled anti-IgE
antibody. The test procedure, including all washing and
incubation steps, can be performed in a total assay time
of less than four hours. Fluorescence is measured with a
laser scanner and results are evaluated using a Micro-
array Image Analysis (MIA) software, which provides an
automatic readout of the results. In addition, add-
on software is available (ISAC Xplain) that delivers
evidence-based allergen information relevant for the in-
dividual patient. Using a standard calibration curve,
results are reported within a range of 0.3 to 100 ISAC
Standardized Units (ISU-E), giving a semi-quantitative in-
dication of IgE antibody levels. This differs from the units
used to report ImmunoCAP results (kU/L), and as such,
these measurements are not interchangeable, although
they correlate well [97]. Furthermore, it must be born in
mind that the ImmunoCAP technology measures IgE
binding under conditions of excess of immobilized aller-
gen whereas ISAC uses low amounts of immobilized
allergen allowing for competition with allergen-specific
isotypes other than IgE.
Several studies, summarized in Table 2, have analyzed

the reproducibility of this immunoassay and have com-
pared the ISAC chip with other methods of measuring
sIgE [31,97-102]. Overall, the results of the ISAC assay are
reproducible at a level that is generally accepted and
agreed upon. However, special attention is recommended
when samples contain low levels of sIgE (0.3–1 ISU-E), as
a higher degree of variability in low-level results has been
observed. When comparing ISAC with other sIgE measur-
ing assays such as the singleplex ImmunoCAP platform,
concordance of results vary between allergens tested
[31,76,97-99,102,103]. Comparative data with the Immu-
Lite or HyTech platforms are not available in the litera-
ture. Nevertheless, newer versions of ISAC have resolved
a number of observed discrepancies. Because there is a
higher degree of between assay variability for ISAC com-
pared to ImmunoCAP, ISAC is generally not recom-
mended for monitoring quantitative IgE levels over time
in clinical routine. While no interference from very high
total IgE has been observed [98], a potential for interfer-
ence between IgE and other isotypes, principally IgG, has
been indicated (e.g., during SIT) [104].
The use of allergen microarrays has not only improved

allergy diagnosis [15,98] and optimized management of
SIT [11], some studies also indicate that microarrays can
be used to analyse the allergic march [105], sensitization
in preclinical stages and molecular spreading [106,107].
Although sensitivity compared to ImmunoCAP is still
often lower, ISAC can have high clinical relevance by
detecting sensitization patterns to important allergens
and cross-reacting groups. In addition, the broad aller-
gen panel offers the potential for identifying unantici-
pated triggers. In a recent study that followed patients
for over 30 years, sensitization detected specifically to
Aln g 1 led to the identification of a newly planted and
imported alder tree (A. spaethii) as the most probable
source responsible for a number of cases of unexplained



Table 2 Studies comparing different techniques for specific IgE determinations

Techniques compared Allergens Main findings References

ImmunoCAP & ISAC 50 HDM, cat dander, birch, grass, and
mugwort pollen

ROC curves demonstrated that CAP and ISAC performed equally well in cat, birch,
and grass pollen. ISAC was slightly less sensitive in HDM and displayed a reduced
sensitivity in mugwort pollen.

Wöhrl et al. [99]

ImmunoCAP &
ISAC prototype

Betula and grass allergens Comparable sensitivity between CAP and ISAC. Jahn-Schmid et al. [100]

ImmunoCAP & ISAC 103 grass and cypress pollen Showed similar diagnostic performance. Cabrera-Freitag et al. [101]

ImmunoCAP & ISAC 103 Multiples allergens Concordance was 78.65% for positive results.Concordance was 93.57%
for negative results.

Gadisseur et al. JACI [98]

Reproducibility of ISAC 103
rApi g 1, rBet v 2, nBos d 4, nGal d 1,
nGal d 2, nGal d 3, rHev b 8, rPhl p 5,
rPhl p 6, and rPhl p 7

Excellent intra-slide, intra-assay, and inter-assay variability. rApi g 1, nGal d 3,
and rPhl p 6 showed high variability in the individual analyses.

Cabrera-Freitag et al. [101]

ImmunoCAP & ISAC 103 Latex allergens Similar performance Ebo et al. [76]

ImmunoCAP, ISAC 103, &
ADVIA-CENTAUR

Pollen allergens The 3 diagnostic methods were in agreement in 62.5% of cases. ISAC showed a deficiency
in the detection of sensitivities to Salsola and Plantago; Advia-Centaur did not detect
sensitizations to cypress. The concentration of sIgE in ISAC and ADVIA were significantly
correlated for most pollen allergens.

Lizaso et al. [31]

ImmunoCAP & ISAC 103 103 ISAC molecules For low ISU values (0.3 to 1), the within-assay CV was very high (>100%), as expected;
for medium (1 to <15) and high (15 or higher) ISU values, the CV was 17% and 8%
respectively. The corresponding between-assay CVs were >100%, 33%, and 13.2%, respectively.

Melioli et al. [97]

ImmunoCAP & ISAC 103 Alt a 1 Similar performance Twaroch et al. [103]

KEY: HDM: House Dust Mite; ISAC: Immuno-Solid phase Allergen Chip; ISU = ISAC Standard Units; ROC: Receiver-Operating Characteristic curve; sIgE: Specific Immunoglobulin E.
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hay fever symptoms that were present earlier in the year
than expected. This was supported by the fact that these
hybrid alder trees flowered earlier than allergen sources
native to the area [108].
Table 3 summarizes the advantages and limitations of

different IgE measurement techniques. When deciding
if and when to use the microarray technology, it is
helpful to consider the number of allergens to be
tested; in general (depending on the local price and
reimbursement system), if more than 10 to 12 allergens
are required for an accurate diagnosis using single-
plex tests, then a microarray test may be preferable
both for the information obtained and for economic
reasons [15].
The interpretation of the results of a 112-allergen

assay may be challenging, even for the experienced and
trained ISAC user. First, the clinical relevance of the
different allergens must be considered. Second, the re-
sults must be evaluated in relation to traditional diag-
nostic tests. Finally, and most importantly, the results
must be evaluated with regard to the patient’s clinical
history. Indeed, while the vast majority of molecules
cover the spectrum of positive traditional tests, it is
known that ISAC results for some allergen sources such
as cashew nut, sesame, dog, mugwort, and ragweed can
be nega-tive, even when the extract-based test is posi-
tive. This is obviously the case if the triggering allergen
Table 3 Advantages and disadvantages of ISAC, immunoCAP,

Advantages

ISAC • 30 μl of serum or plasma (capillary or venous blood)

• 112 allergens can be assayed in parallel

• Natural and recombinants proteins

• Less allergen needed (approximately 100, 000-fold, pg vs. μ
per assay

• No interference from very high total IgE

ImmunoCAP • Automatic method

• Quantitative assay

• High sensitivity

• Lower coefficient of variation

• Natural or recombinants proteins or crude extracts

• Appropriate for monitoring sensitization

Skin prick test • High sensitivity (extract-dependent)

• Immediate reading
is not present on the chip. The standard strategy used to
evaluate an ISAC result is outlined in Figure 1.
In summary, while not interchangeable, the results

generated with the ISAC chip are similar to those
obtained with the ImmunoCAP platform. One disad-
vantage to the technique is that the sensitivity of ISAC is
lower than that of ImmunoCAP, particularly when sIgE
levels are low. However, the ability to use a small
amount of serum to obtain a patient’s sensitization pro-
file, identify cross-reacting allergens, and detect unsus-
pected or potentially harmful allergens are advantages of
the use of ISAC in allergy diagnosis in patients with
allergy-like symptoms (e.g. asthma, rhinitis, eczema,
urticaria idiopathic anaphylaxis or eosinophilic esopha-
gitis (EoE)).

Patients most likely to benefit from molecular-
based allergy diagnostics

� Molecular-based allergy (MA) diagnosis is most
useful for selection of SIT, evaluation of cross-
reactivity, and assessment of severity of reaction
associated with various allergens.

� Patients who are poly-sensitized, have an unclear
symptom and/or sensitization pattern, or who do not
respond to their treatment may be routinely
evaluated using MA diagnostics when available.
and skin prick tests

Disadvantages

• Manual method

• Semi-quantitative assay

• Less sensitive

g) • More variability in the inter-assay analysis for certain allergens

• Greater coefficient of variation

• Some allergen sources are not included

• Less appropriate for monitoring sensitization

• Potential interference between IgE and other isotypes,
principally IgG

• 40 μl of serum per allergen

• One allergen per assay

• Detect low-affinity antibody that may have little to no clinical relevance

• Manual

• One allergen per prick

• Only crude extracts

• Not appropriate for monitoring sensitization



Figure 1 ISAC Interpretation flow chart.
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� Mono-sensitized patients with a clear case
history and symptom profile may not benefit
from MA diagnostics compared to traditional
diagnostic tests.

MA diagnostics offers several advantages useful for the
examination of allergic patients with symptoms like e.g.,
asthma, rhinitis, eczema, urticaria, gastrointestinal, oral al-
lergy syndrome or anaphylaxis. Identification of genuine
sensitization is as important as the identification of sec-
ondary sensitizations caused by cross-reacting allergens.
MA diagnostics, based on either the physician’s choice of

single allergens or the use of a microarray, offers a large
amount of information pertaining to the IgE profile of sen-
sitized patients. This information is mainly useful for three
purposes. First, MA diagnostics is helpful in the identifica-
tion of a genuine sensitization to an allergen source, par-
ticularly when SIT is being considered. MA diagnostics is
often essential to the accuracy of prescribed SIT for a large
proportion of allergic patients [8]. Second, MA diagnostics
can detect sensitization to certain cross-reacting protein
families of allergens, thereby contributing to identify the
triggering allergen source and to improve the recommen-
dations made to patients regarding exposure avoidance. Fi-
nally, MA diagnostics helps to assess the risk associated
with certain allergens (i.e., type of reaction, local or sys-
temic). For example, sensitization to LTP or storage pro-
teins may cause severe, systemic reactions in allergic
patients while profilin, CCD and PR-10 proteins generally
are associated with mild, local reactions in food allergy.
From among those potentially eligible for MA diag-
nostics, different patient categories can be defined. In
most patients, MA diagnostics may be considered a use-
ful and interesting, but not essential, tool, particularly
when only symptomatic treatment is prescribed. Mono-
sensitized patients (e.g., to pet or mite allergens) and pa-
tients with a clear case history and symptom profile do
not generally seem to derive benefit from MA diagnos-
tics compared to traditional diagnostic tests.
Previously, patients who were sensitized to one or two

allergen sources were the most prevalent patient type in
clinical practice; currently, they are becoming a minority,
mainly in developed countries. In fact, poly-sensitized
pediatric and adult patients with complex symptoms, as
well as patients in whom sensitization to cross-reacting
allergens is suspected, should be carefully considered for
MA evaluation. Within this population, patients with
documented poly-sensitization to one or more inhalants,
but also suffering from food allergy (i.e., from less severe
manifestations such as OAS to more severe, including
anaphylaxis, asthma or eczema) should be routinely con-
sidered for evaluation using MA diagnostics. In addition,
MA diagnostics may offer additional information for early
diagnosis of allergies and may aid in the monitoring of the
evolution of the allergic disease, useful for preventive indi-
cations to the patient.
In conclusion, current guidelines of allergy diagnosis

should recommend a thorough clinical investigation as
a first-line approach, followed by allergen extract test-
ing using in vitro sIgE or SPT tests as a second-line
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approach, and as a third step MA diagnostics. For
experienced users MA may be included in second-
line testing.

Unmet needs

� Molecular-based allergy (MA) diagnostics enhances
the clinical utility of specific IgE (sIgE) antibody-
based allergy diagnostics nevertheless; a number of
unmet needs have yet to be addressed.

Molecular analysis of allergen sensitization patterns
can enhance the clinical utility of allergy tests based on
extracts. In selected cases it may also reduce the need
for challenge testing for food allergies and may also
improve the selection of SIT prescription. However,
there are a number of unmet needs pertaining to MA
diagnostics:

1) Large-scale, population-based multicenter studies
are needed to further define in which categories of
patients MA diagnostics may be beneficial.

2) The practical use and selection of allergens in MA
diagnostics need to be evaluated in large studies that
include well-characterized patients and healthy,
sensitized controls representative of different
geographical regions.

3) Evaluation of the incremental benefits relative to the
incremental costs for MA diagnostics, by way of
cost-utility studies, is needed. These studies should
compare the effectiveness of MA diagnostics with
the traditional in vitro sIgE or SPT techniques that
are currently available.

4) Identification and clinical evaluation of the most
relevant allergens have to be further investigated in
many allergen sources.(e.g., nuts, molds, tree and
weed pollen).

5) Training efforts in both the clinical and research
settings is warranted, with a focus on developing
this new “molecular” era in allergology.

6) Development of clinical decision support is needed
to prevent misinterpretation and improve knowledge
as the amount of information obtained from MA
diagnostics may be complex, especially as the
evidence for MA is rapidly progressing.

There are additional needs in the field of allergy
diagnostics including traditional tests based on extracts.
Currently there is one published cost effectiveness ana-
lysis on food allergy diagnostics [109]. In this guideline
document, economic evidence shows that both IgE anti-
body testing and skin prick testing are cost effective
compared to clinical anamneses without testing. Since
MA diagnostics increase the accuracy in selected food
allergies (e.g. peanut allergy) and selection of SIT pre-
scription compared to traditional tests based on extracts,
the cost effectiveness should logically increase for these
particular scenarios. However, the fact that only one cost
effectiveness analysis in food allergy is available under-
lines the need for more cost effectiveness analysis in
allergy diagnostics.
There is also a need for characterization and stan-

dardization of allergen concentrations in allergen ex-
tracts that are used in diagnostic testing and treatment.

Summary and conclusions

� International guidelines recommend a thorough
clinical case history as a first-line approach and
allergen extract-based IgE tests (in vitro specific IgE
or skin prick test) as a second-line investigation.

� Molecular-based allergy (MA) diagnostics is
considered a third-line approach to be used for
patients in whom first- and second-line investigations
were inconclusive. For experienced users MA may be
included in second-line testing.

� MA diagnosis is a new and complex procedure that,
in the near future, will represent a standard tool in
the allergist’s armamentarium. Educational
programs on MA diagnostics for allergists
are needed.

MA diagnostics was developed more than a decade
ago. The recent availability of a greater number of aller-
gens has substantially modified the diagnostic approach
used by many allergists. Currently, international guide-
lines recommend a thorough clinical case history as a
first-line approach and allergen extract-based IgE tests
(in vitro specific IgE or skin prick test) as a second-line
investigation for the identification of the allergen source
responsible for a patient’s symptoms. SPT and in vitro
sIgE tests provide similar information and the associ-
ated advantages and disadvantages of both types of tests
are dependent on the clinical case. For the majority of
patients, first- and second-line investigation is sufficient
to define the nature of a patient’s allergy. Molecular-
based allergy (MA) diagnostics is considered a third-
line approach to be used for select patients in whom
first- and second-line investigations were inconclusive.
For experienced users MA may be included in second-
line testing.
Traditional diagnostic tests have been considered suffi-

cient for the identification of the best SIT prescription
in the majority of patients. With the identification of
specific and cross-reacting allergens, a number of new
diagnostic and therapeutic options are available to aller-
gists, including the ability to choose the allergen com-
position for SIT.
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MA diagnostics is relatively expensive compared with
traditional tests, especially with regard to the microarray
technology. Economic consideration or budget limita-
tions may influence the decision in the individual pa-
tient, whether using a singleplex or multiplex approach.
The number of allergens to be tested may influence this
decision, both for economical reason, amount of infor-
mation gained and for the overall serum volume re-
quired (especially in young children).
When making the choice to use the microarray diag-

nostics, it is important to consider the primary advan-
tage which is that with a small serum or blood sample, a
broad spectrum analysis of a patient’s IgE profile can be
performed. However, a disadvantage is that patients may
be at risk of revealing unanticipated sensitivities, possibly
to potentially harmful molecules. Although this could
also be considered as an advantage, the interpretation of
such sensitization in clinically unresponsive patients is
difficult or even impossible.
Although MA diagnostics is a complex area, it pro-

vides novel and relevant information for the allergist and
will soon become a standard tool in the allergist’s arma-
mentarium. Educational programs training allergists on
the use and interpretation of MA are highly needed.
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Additional file 1: Table S1. Common cross-reacting protein families.

Additional file 2: Table S2. Commercially available allergen molecules for
in vitro sIgE testing from three providers (ThermoFisher, Siemens and Hycor).

Competing interests
G Walter Canonica: Consultant, speaker, or researcher with the following
commercial companies: Thermo Fisher, Alk-Abello, Allergopharma, Allergy
Therapeutics, Anallergo, Hal, Lofarma, Stallergenes.
Ignacio Ansotegui: Consultant and or speaker with the following commercial
companies: Faes Farma, Bial-Arístegui, Pfizer and Sanofi.
Ruby Pawankar: None.
Peter Schmid-Grendelmeier: Consultant and or speaker for ThermoFisher,
Phadia, Scientific AG, Siemens, Diagnostics AG, Buhlmann Labs AG.
Marianne van Hage: Member of the Clinical Advisory Board of Biomay,
Vienna, Austria; Researcher in scientific trial in collaboration with Professor
Valenta at the Medical University of Vienna.
Carlos E Baena-Cagnani: Consultant, speaker, or researcher with the following
commercial companies: Novartis, Sanofi, Stallergenes, FAES, Lofarma.
Giovanni Melioli: Consultant, speaker, or researcher with the following
commercial companies: Thermo Fisher - Phadia, Milano, italy Bruschettini srl,
genova, Italy Lallemand Pharma, Lugano (CH).
Carlos Nunes: None.
Giovanni Passalacqua: Consultant, speaker, or researcher with the following
commercial companies: Anallergo Almirall AstraZeneca GSK Lofarma
Menarini MSD Phadia Stallergenes.
Lanny Rosenwasser: None.
Hugh Sampson: Allertein Therapeutics, LLC - consultant Danone Scientific
Advisory Board - consultant DBV - unpaid consultant Novartis - unpaid
consultant University of Nebraska - FAARP advisory board -consultant NIAID -
NIH - research funds to institution FARE - research funds to institution.
Joaquin Sastre: Consultant, speaker, or researcher with the following
commercial companies: Novartis, GSK, Stallergenes, ALK, Thermofisher, FAES,
Mundipharma, MSD, FAES FARMA, Mundipharma, Roche, Gennetech,
GSK, Novartis.
Jean Bousquet: None.
Torsten Zuberbier: Consultant, speaker, or researcher with the following
commercial companies: AnseIl, Bayer Schering, DST, FAES, Fujisawa, HAL,
Henkel, Kryolan, Leti, Merck, MSD, Novartis, Procter and Gamble, Sanofi-
Aventis, Schering Plough, Stallergenes, UCB.
Katrina Allen: Consultant, speaker, or researcher with the following
commercial companies: Abbott, Danone, Pfizer.
Ricardo Asero: Consultant, speaker, or researcher with the following
commercial companies: Phadia/Thermo-Fisher Allergopharma Lofarma SpA
ALK-Abellò Malesci Mediolanum Allergy Therapeutics.
Barbara Bohle: Consultant, speaker, or researcher with the following
commercial companies: Biomay AG, Vienna, Austria Bencard Allergie GmbH,
Vienna, Austria.
Linda Cox: None.
Frederic de Blay: None.
Motohiro Ebisawa: None.
René Maximiliano Gómez: None.
Sandra González-Díaz: Consultant, speaker, or researcher with the following
commercial companies: GSK MSD Pfizer Novartis Allmiral.
Tari Haahtela: None.
Stephen Holgate: Consultant, speaker, or researcher with the following
commercial companies: Synairgen, Novartis, MSD, Stallergenes, Crescendo
Biologics, Sterna, Amgen, BI.
Thilo Jakob: Consulting with Thermo Fisher Scientific.
Mark Larché: Circassia Ltd. Consultant, stockholder Adiga Life Sciences:
Consultant Adiga Life Sciences: Research contracts Sanofi USA: Consultant Air
Canada: Consultant.
Paolo Maria Matricardi: Consultant, speaker, or researcher with the following
commercial companies: Allergopharma, ALK, ThermoFisher Scientific.
John Oppenheimer: Consultant: GSK, AZ, Sunorium, Myelin Research: GSK,
Novartis, BI, Meddimune Chairman of the Board: ABAI Associate Editor:
Annals of Allergy Asthma and Immunology.
Lars K. Poulsen: I have occasionally been speaking at Thermo Fischer
Scientifc Symposia. Part of our research in diagnosis has been sponsored by
Siemens or Thermo Fischer Scientific.
Nelson Rosário: Consultant, speaker, or researcher with the following
commercial companies: Danone, MSD, Novartis, Aché, Sanofi, Takeda,Nestlé.
Marc Rothenberg: None.
Mario Sánchez-Borges: Consulting with Novartis, Sanofi Aventis.
Enrico Scala: None.
Rudolf Valenta: Consultant for Phadia/Thermofisher, Uppsala, Sweden and
BIOMAY AG, Vienna, Austria.

Author details
1Allergy & Respiratory, DIMI, Department of Internal Medicine, University of
Genoa, Largo Rosanna Benzi, Genoa, Italy. 2Department of Allergy and
Immunology, Hospital Quirón Bizkaia, Carretera Leioa-Inbe, Erandio (Bilbao),
Spain. 3Department of Pediatrics, Division of Allergy, Nippon Medical School,
Tokyo, Japan. 4Department of Dermatology, Allergy Unit, University Hospital
of Zurich, Zurich, Switzerland. 5Clinical Immunology and Allergy Unit,
Department of Medicine Solna, Karolinska Institutet and University Hospital,
Stockholm, Sweden. 6Research Centre for Respiratory Medicine, Catholic
University, Cordoba, Argentina. 7Dipartimento di Medicina Sperimentale,
Istituto Giannina Gaslini, Genova, Italy. 8Centre of Allergy of Algarve, Algarve,
Portugal. 9University of Genoa, Genoa, Italy. 10University of Missouri – Kansas
City School of Medicine, Children’s Mercy Hospital and Clinics, Kansas, KS,
USA. 11Department of Pediatrics, Division of Allergy/Immunology, Icahn
School of Medicine at Mount Sinai, New York, NY, USA. 12Department of
Medicine, Fundacion Jimenez Diaz, Universidad Autonoma de Madrid,
Avenida Reyes Catolicos, Madrid, Spain. 13Service Maladies Respiratoires,
Hopital Arnaud de Villeneuve, Av. Doyen Gaston Giraud, Montepellier, France.
14Clinic for Dermatology and Allergy Charité Universitätsmedizin Berlin,
Charitéplatz 1, 10117 Berlin, Germany.

Received: 15 May 2013 Accepted: 12 August 2013
Published: 3 October 2013

References
1. Valenta R, Duchene M, Vrtala S, Birkner T, Ebner C, Hirschwehr R, Breitenbach

M, Rumpold H, Scheiner O, Kraft D: Recombinant allergens for immunoblot
diagnosis of tree-pollen allergy. J Allergy Clin Immunol 1991, 88:889–894.

http://www.biomedcentral.com/content/supplementary/1939-4551-6-17-S1.zip
http://www.biomedcentral.com/content/supplementary/1939-4551-6-17-S2.zip


Canonica et al. World Allergy Organization Journal 2013, 6:17 Page 15 of 17
http://www.waojournal.org/content/6/1/17
2. Valenta R, Vrtala S, Ebner C, Kraft D, Scheiner O: Diagnosis of grass pollen
allergy with recombinant timothy grass (Phleum pratense) pollen
allergens. Int Arch Allergy Immunol 1992, 97:287–294.

3. Valenta R, Kraft D: Recombinant allergen molecules: tools to study
effector cell activation. Immunol Rev 2001, 179:119–127.

4. Thomas WR, Stewart GA, Simpson RJ, Chua KY, Plozza TM, Dilworth RJ,
Nisbet A, Turner KJ: Cloning and expression of DNA coding for the major
house dust mite allergen Der p 1 in Escherichia coli. Int Arch Allergy Appl
Immunol 1988, 85:127–129.

5. Valenta R, Lidholm J, Niederberger V, Hayek B, Kraft D, Gronlund H: The
recombinant allergen-based concept of component-resolved diagnostics
and immunotherapy (CRD and CRIT). Clin Exp Allergy 1999, 29:896–904.

6. Valenta R, Ferreira F, Focke-Tejkl M, Linhart B, Niederberger V, Swoboda I, Vrtala S:
From allergen genes to allergy vaccines. Annu Rev Immunol 2010, 28:211–241.

7. Radauer C, Bublin M, Wagner S, Mari A, Breiteneder H: Allergens are
distributed into few protein families and possess a restricted number of
biochemical functions. J Allergy Clin Immunol 2008, 121:847–852. e847.

8. Sastre J: Molecular diagnosis in allergy. Clin Exp Allergy 2010, 40:1442–1460.
9. Borres MP, Ebisawa M, Eigenmann PA: Use of allergen components begins a

new era in pediatric allergology. Pediatr Allergy Immunol 2011, 22:454–461.
10. Shreffler WG: Microarrayed recombinant allergens for diagnostic testing.

J Allergy Clin Immunol 2011, 127:843–849.
11. Sastre J, Landivar ME, Ruiz-Garcia M, Andregnette-Rosigno MV, Mahillo I:

How molecular diagnosis can change allergen-specific immunotherapy
prescription in a complex pollen area. Allergy 2012, 67:709–711.

12. Tripodi S, Frediani T, Lucarelli S, Macri F, Pingitore G, Di Rienzo Businco A,
Dondi A, Pansa P, Ragusa G, Asero R, et al: Molecular profiles of IgE to
Phleum pratense in children with grass pollen allergy: Implications for
specific immunotherapy. J Allergy Clin Immunol 2012, 129:834–839. e838.

13. Muller U, Schmid-Grendelmeier P, Hausmann O, Helbling A: IgE to recombinant
allergens Api m 1, Ves v 1, and Ves v 5 distinguish double sensitization from
crossreaction in venom allergy. Allergy 2012, 67:1069–1073.

14. Mittermann I, Zidarn M, Silar M, Markovic-Housley Z, Aberer W, Korosec P,
Kosnik M, Valenta R: Recombinant allergen-based IgE testing to distinguish
bee and wasp allergy. J Allergy Clin Immunol 2010, 125:1300–1307. e1303.

15. Melioli G, Compalati E, Bonini S, Canonica GW: The added value of
allergen microarray technique to the management of poly-sensitized
allergic patients. Curr Opin Allergy Clin Immunol 2012, 12:434–439.

16. Pali-Scholl I, Jensen-Jarolim E: Anti-acid medication as a risk factor for
food allergy. Allergy 2011, 66:469–477.

17. Mertens M, Brehler R: Suitability of different glycoproteins and test
systems for detecting cross-reactive carbohydrate determinant-specific
IgE in hymenoptera venom-allergic patients. Int Arch Allergy Immunol
2011, 156:43–50.

18. Ruiz-García M, García del Potro M, Fernández-Nieto M, Barber D, Jimeno-Nogales L,
Sastre J: Profilin: A relevant aeroallergen? J Allergy Clin Immunol 2011, 128:416–418.

19. Ayuso R, Sanchez-Garcia S, Lin J, Fu Z, Ibanez MD, Carrillo T, Blanco C, Goldis M,
Bardina L, Sastre J, Sampson HA: Greater epitope recognition of shrimp
allergens by children than by adults suggests that shrimp sensitization
decreases with age. J Allergy Clin Immunol 2010, 125:1286–1293. e1283.

20. Palacín A, Tordesillas L, Gamboa P, Sanchez-Monge R, Cuesta-Herranz J,
Sanz ML, Barber D, Salcedo G, Díaz-Perales A: Characterization of peach
thaumatin-like proteins and their identification as major peach allergens.
Clin Exp Allergy 2010, 40:1422–1430.

21. Perez-Gordo M, Cuesta-Herranz J, Maroto AS, Cases B, Ibáñez MD, Vivanco F,
Pastor-Vargas C: Identification of sole parvalbumin as a major allergen:
study of cross-reactivity between parvalbumins in a Spanish fish-allergic
population. Clin Exp Allergy 2011, 41:750–758.

22. Jin C, Hantusch B, Hemmer W, Stadlmann J, Altmann F: Affinity of IgE and
IgG against cross-reactive carbohydrate determinants on plant and
insect glycoproteins. J Allergy Clin Immunol 2008, 121:185–190. e182.

23. Mullins RJ, James H, Platts-Mills TA, Commins S: Relationship between red
meat allergy and sensitization to gelatin and galactose-alpha-1,3-galactose.
J Allergy Clin Immunol 2012, 129:1334–1342. e1331.

24. Ebo DG, Bridts CH, Verweij MM, De Knop KJ, Hagendorens MM, De Clerck LS,
Stevens WJ: Sensitization profiles in birch pollen-allergic patients with
and without oral allergy syndrome to apple: lessons from multiplexed
component-resolved allergy diagnosis. Clin Exp Allergy 2010,
40:339–347.

25. Hauser M, Roulias A, Ferreira F, Egger M: Panallergens and their impact on
the allergic patient. Allergy Asthma Clin Immunol 2010, 6:1.
26. Wang J, Lin J, Bardina L, Goldis M, Nowak-Wegrzyn A, Shreffler WG,
Sampson HA: Correlation of IgE/IgG4 milk epitopes and affinity of milk-
specific IgE antibodies with different phenotypes of clinical milk allergy.
J Allergy Clin Immunol 2010, 125:695–702. 702 e691-702 e696.

27. Nicolaou N, Custovic A: Molecular diagnosis of peanut and legume
allergy. Curr Opin Allergy Clin Immunol 2011, 11:222–228. 210.1097/
ACI.1090b1013e32834656c32834652.

28. Zijlstra WT, Flinterman AE, Soeters L, Knulst AC, Sinnema G, L'Hoir MP,
Pasmans SG: Parental anxiety before and after food challenges in
children with suspected peanut and hazelnut allergy. Pediatr Allergy
Immunol 2010, 21:e439–445.

29. Klemans RJB, Otte D, Knol M, Knol EF, Meijer Y, Gmelig-Meyling FHJ,
Bruijnzeel-Koomen CAFM, Knulst AC, Pasmans SGMA: The diagnostic value
of specific IgE to Ara h 2 to predict peanut allergy in children is
comparable to a validated and updated diagnostic prediction model.
J Allergy Clin Immunol 2013, 131:157–163.

30. Dang TD, Tang M, Choo S, Licciardi PV, Koplin JJ, Martin PE, Tan T, Gurrin
LC, Ponsonby A-L, Tey D, et al: Increasing the accuracy of peanut allergy
diagnosis by using Ara h 2. J Allergy Clin Immunol 2012,
129:1056–1063.

31. Lizaso MT, Garcia BE, Tabar AI, Lasa E, Echechipia S, Alvarez MJ, Anda M,
Gomez B: Comparison of conventional and component-resolved
diagnostics by two different methods (Advia-Centaur/Microarray-ISAC) in
pollen allergy. Ann Allergy Asthma Immunol 2011, 107:35–41.

32. Constantin C, Quirce S, Poorafshar M, Touraev A, Niggemann B, Mari A,
Ebner C, Akerstrom H, Heberle-Bors E, Nystrand M, Valenta R: Micro-arrayed
wheat seed and grass pollen allergens for component-resolved
diagnosis. Allergy 2009, 64:1030–1037.

33. Mattsson L, Lundgren T, Everberg H, Larsson H, Lidholm J: Prostatic kallikrein:
a new major dog allergen. J Allergy Clin Immunol 2009, 123:362–368.

34. Treudler R, Simon JC: Overview of component resolved diagnostics.
Curr Allergy Asthma Rep 2013, 13:110–117.

35. Glaumann S, Nopp A, Johansson SG, Rudengren M, Borres MP, Nilsson C:
Basophil allergen threshold sensitivity, CD-sens, IgE-sensitization and
DBPCFC in peanut-sensitized children. Allergy 2012, 67:242–247.

36. Vereda A, van Hage M, Ahlstedt S, Ibañez MD, Cuesta-Herranz J, van Odijk J,
Wickman M, Sampson HA: Peanut allergy: clinical and immunologic
differences among patients from 3 different geographic regions. J Allergy
Clin Immunol 2011, 127:603–607.

37. Asarnoj A, Nilsson C, Lidholm J, Glaumann S, Ostblom E, Hedlin G, van Hage
M, Lilja G, Wickman M: Peanut component Ara h 8 sensitization and
tolerance to peanut. J Allergy Clin Immunol 2012, 130:468–472.

38. Holzhauser T, Wackermann O, Ballmer-Weber BK, Bindslev-Jensen C, Scibilia J,
Perono-Garoffo L, Utsumi S, Poulsen LK, Vieths S: Soybean (Glycine max)
allergy in Europe: Gly m 5 (beta-conglycinin) and Gly m 6 (glycinin) are
potential diagnostic markers for severe allergic reactions to soy. J Allergy
Clin Immunol 2009, 123:452–458.

39. Kosma P, Sjolander S, Landgren E, Borres MP, Hedlin G: Severe reactions
after the intake of soy drink in birch pollen-allergic children sensitized to
Gly m 4. Acta Paediatr 2011, 100:305–306.

40. Flinterman AE, Akkerdaas JH, Knulst AC, van Ree R, Pasmans SG: Hazelnut allergy:
from pollen-associated mild allergy to severe anaphylactic reactions.
Current opinion in allergy and clinical immunology 2008, 8:261–265.

41. Verweij MM, Hagendorens MM, De Knop KJ, Bridts CH, De Clerck LS, Stevens WJ,
Ebo DG: Young infants with atopic dermatitis can display sensitization to Cor
a 9, an 11S legumin-like seed-storage protein from hazelnut (Corylus
avellana). Pediatr Allergy Immunol 2011, 22:196–201.

42. Masthoff LJ, Mattsson L, Zuidmeer-Jongejan L, Lidholm J, Andersson K,
Akkerdaas JH, Versteeg SA, Garino C, Meijer Y, Kentie P, et al: Sensitization to
Cor a 9 and Cor a 14 is highly specific for a hazelnut allergy with objective
symptoms in Dutch children and adults. J Allergy Clin Immunol 2013.

43. Roux KH, Teuber SS, Sathe SK: Tree nut allergens. Int Arch Allergy Immunol
2003, 131:234–244.

44. Palosuo K, Varjonen E, Kekki OM, Klemola T, Kalkkinen N, Alenius H, Reunala
T: Wheat omega-5 gliadin is a major allergen in children with immediate
allergy to ingested wheat. J Allergy Clin Immunol 2001, 108:634–638.

45. Ebisawa M, Shibata R, Sato S, Borres MP, Ito K: Clinical utility of IgE antibodies
to omega-5 gliadin in the diagnosis of wheat allergy: a pediatric
multicenter challenge study. Int Arch Allergy Immunol 2012, 158:71–76.

46. Matsuo H, Dahlstrom J, Tanaka A, Kohno K, Takahashi H, Furumura M, Morita E:
Sensitivity and specificity of recombinant omega-5 gliadin-specific IgE



Canonica et al. World Allergy Organization Journal 2013, 6:17 Page 16 of 17
http://www.waojournal.org/content/6/1/17
measurement for the diagnosis of wheat-dependent exercise-induced
anaphylaxis. Allergy 2008, 63:233–236.

47. Fernandez-Rivas M, Bolhaar S, Gonzalez-Mancebo E, Asero R, van Leeuwen A,
Bohle B, Ma Y, Ebner C, Rigby N, Sancho AI, et al: Apple allergy across Europe:
how allergen sensitization profiles determine the clinical expression of
allergies to plant foods. J Allergy Clin Immunol 2006, 118:481–488.

48. Egger M, Hauser M, Mari A, Ferreira F, Gadermaier G: The role of lipid
transfer proteins in allergic diseases. Curr Allergy Asthma Rep 2010,
10:326–335.

49. Pascal M, Munoz-Cano R, Reina Z, Palacin A, Vilella R, Picado C, Juan M,
Sanchez-Lopez J, Rueda M, Salcedo G, et al: Lipid transfer protein syndrome:
clinical pattern, cofactor effect and profile of molecular sensitization to
plant-foods and pollens. Clin Exp Allergy 2012, 42:1529–1539.

50. Romano A, Scala E, Rumi G, Gaeta F, Caruso C, Alonzi C, Maggioletti M,
Ferrara R, Palazzo P, Palmieri V, et al: Lipid transfer proteins: the most
frequent sensitizer in Italian subjects with food-dependent
exercise-induced anaphylaxis. Clin Exp Allergy 2012, 42:1643–1653.

51. Caubet J-C, Kondo Y, Urisu A, Nowak-Wegrzyn A: Molecular diagnosis of
egg allergy. Curr Opin Allergy Clin Immunol 2011, 11:210–215. 210.1097/
ACI.1090b1013e3283464d3283461b.

52. Caubet JC, Nowak-Wegrzyn A, Moshier E, Godbold J, Wang J, Sampson HA:
Utility of casein-specific IgE levels in predicting reactivity to baked milk.
J Allergy Clin Immunol 2013, 131:222–224. e224.

53. Bugajska-Schretter A, Elfman L, Fuchs T, Kapiotis S, Rumpold H, Valenta R,
Spitzauer S: Parvalbumin, a cross-reactive fish allergen, contains IgE-
binding epitopes sensitive to periodate treatment and Ca2+ depletion.
J Allergy Clin Immunol 1998, 101:67–74.

54. Van Do T, Hordvik I, Endresen C, Elsayed S: Characterization of
parvalbumin, the major allergen in Alaska pollack, and comparison with
codfish Allergen M. Mol Immunol 2005, 42:345–353.

55. Torres Borrego J, Martinez Cuevas JF, Tejero Garcia J: Cross reactivity
between fish and shellfish. Allergol Immunopathol (Madr) 2003, 31:146–151.

56. Seiki K, Oda H, Yoshioka H, Sakai S, Urisu A, Akiyama H, Ohno Y: A reliable
and sensitive immunoassay for the determination of crustacean protein
in processed foods. J Agric Food Chem 2007, 55:9345–9350.

57. Leung NY, Wai CY, Shu S, Wang J, Kenny TP, Chu KH, Leung PS: Current
immunological and molecular biological perspectives on seafood allergy:
a comprehensive review. Clin Rev Allergy Immunol 2012.

58. Commins SP, Satinover SM, Hosen J, Mozena J, Borish L, Lewis BD, Woodfolk
JA, Platts-Mills TA: Delayed anaphylaxis, angioedema, or urticaria after
consumption of red meat in patients with IgE antibodies specific for
galactose-alpha-1,3-galactose. J Allergy Clin Immunol 2009, 123:426–433.

59. Hamsten C, Tran TA, Starkhammar M, Brauner A, Commins SP, Platts-Mills
TA, van Hage M: Red meat allergy in Sweden: Association with tick
sensitization and B-negative blood groups. J Allergy Clin Immunol. 2013,
doi:10.1016/j.jaci.2013.07.050. [Epub ahead of print].

60. Gronlund H, Adedoyin J, Commins SP, Platts-Mills TA, van Hage M: The
carbohydrate galactose-alpha-1,3-galactose is a major IgE-binding
epitope on cat IgA. J Allergy Clin Immunol 2009, 123:1189–1191.

61. Hamsten C, Starkhammar M, Tran TA, Johansson M, Bengtsson U, Ahlén G,
Sällberg M, Grönlund H, van Hage M: Identification of galactose-α-1,3-
galactose in the gastrointestinal tract of the tick Ixodes ricinus; possible
relationship with red meat allergy. Allergy 2013, 68:549-52.

62. Commins SP, James HR, Kelly LA, Pochan SL, Workman LJ, Perzanowski MS,
Kocan KM, Fahy JV, Nganga LW, Ronmark E, et al: The relevance of tick
bites to the production of IgE antibodies to the mammalian
oligosaccharide galactose-alpha-1,3-galactose. J Allergy Clin Immunol 2011,
127:1286–1293. e1286.

63. Arkestål K, Sibanda E, Thors C, Troye-Blomberg M, Mduluza T, Valenta R,
Grönlund H, van Hage M: Impaired allergy diagnostics among parasite-
infected patients caused by IgE antibodies to the carbohydrate epitope
galactose-[alpha]1,3-galactose. J Allergy Clin Immunol 2011, 127:1024–1028.

64. Chung CH, Mirakhur B, Chan E, Le QT, Berlin J, Morse M, Murphy BA, Satinover
SM, Hosen J, Mauro D, et al: Cetuximab-induced anaphylaxis and IgE specific
for galactose-alpha-1,3-galactose. N Engl J Med 2008, 358:1109–1117.

65. Vicente-Serrano J, Caballero ML, Rodriguez-Perez R, Carretero P, Perez R,
Blanco JG, Juste S, Moneo I: Sensitization to serum albumins in children
allergic to cow's milk and epithelia. Pediatr Allergy Immunol 2007,
18:503–507.

66. Gronlund H, Adedoyin J, Reininger R, Varga EM, Zach M, Fredriksson M, Kronqvist
M, Szepfalusi Z, Spitzauer S, Gronneberg R, et al: Higher immunoglobulin E
antibody levels to recombinant Fel d 1 in cat-allergic children with asthma
compared with rhinoconjunctivitis. Clin Exp Allergy 2008, 38:1275–1281.

67. Nordlund B, Konradsen JR, Kull I, Borres MP, Onell A, Hedlin G, Gronlund H:
IgE antibodies to animal-derived lipocalin, kallikrein and secretoglobin
are markers of bronchial inflammation in severe childhood asthma.
Allergy 2012, 67:661–669.

68. Barber D, de la Torre F, Feo F, Florido F, Guardia P, Moreno C, Quiralte J,
Lombardero M, Villalba M, Salcedo G, Rodriguez R: Understanding patient
sensitization profiles in complex pollen areas: a molecular
epidemiological study. Allergy 2008, 63:1550–1558.

69. Bronnert M, Mancini J, Birnbaum J, Agabriel C, Liabeuf V, Porri F, Cleach I, Fabre A,
Deneux I, Grandne V, et al: Component-resolved diagnosis with commercially
available D. pteronyssinus Der p 1, Der p 2 and Der p 10: relevant markers for
house dust mite allergy. Clin Exp Allergy 2012, 42:1406–1415.

70. Resch Y, Weghofer M, Seiberler S, Horak F, Scheiblhofer S, Linhart B, Swoboda I,
Thomas WR, Thalhamer J, Valenta R, Vrtala S: Molecular characterization of
Der p 10: a diagnostic marker for broad sensitization in house dust mite
allergy. Clinical & Experimental Allergy 2011, 41:1468–1477.

71. Lopata AL, Lehrer SB: New insights into seafood allergy. Current opinion in
allergy and clinical immunology 2009, 9:270–277.

72. Kurup VP, Banerjee B, Hemmann S, Greenberger PA, Blaser K, Crameri R:
Selected recombinant Aspergillus fumigatus allergens bind specifically
to IgE in ABPA. Clin Exp Allergy 2000, 30:988–993.

73. Casaulta C, Fluckiger S, Crameri R, Blaser K, Schoeni MH: Time course of
antibody response to recombinant Aspergillus fumigatus antigens in cystic
fibrosis with and without ABPA. Pediatr Allergy Immunol 2005,
16:217–225.

74. Lee MF, Song PP, Hwang GY, Lin SJ, Chen YH: Sensitization to Per a 2 of the
American cockroach correlates with more clinical severity among airway
allergic patients in Taiwan. Ann Allergy Asthma Immunol 2012, 108:243–248.

75. Ott H, Schroder C, Raulf-Heimsoth M, Mahler V, Ocklenburg C, Merk HF,
Baron JM: Microarrays of recombinant Hevea brasiliensis proteins: a
novel tool for the component-resolved diagnosis of natural rubber latex
allergy. J Investig Allergol Clin Immunol 2010, 20:129–138.

76. Ebo DG, Hagendorens MM, De Knop KJ, Verweij MM, Bridts CH, De Clerck LS,
Stevens WJ: Component-resolved diagnosis from latex allergy by
microarray. Clin Exp Allergy 2010, 40:348–358.

77. Sanchez-Monge R, Blanco C, Lopez-Torrejon G, Cumplido J, Recas M,
Figueroa J, Carrillo T, Salcedo G: Differential allergen sensitization patterns
in chestnut allergy with or without associated latex-fruit syndrome.
J Allergy Clin Immunol 2006, 118:705–710.

78. Bousquet J, Lockey R, Malling HJ, Alvarez-Cuesta E, Canonica GW, Chapman
MD, Creticos PJ, Dayer JM, Durham SR, Demoly P, et al: Allergen
immunotherapy: therapeutic vaccines for allergic diseases. Ann Allergy
Asthma Immunol 1998, 81:401–405.

79. Canonica GW, Bousquet J, Casale T, Lockey RF, Baena-Cagnani CE, Pawankar
R, Potter PC, Bousquet PJ, Cox LS, Durham SR, et al: Sub-lingual
immunotherapy: world allergy organization position paper 2009.
Allergy 2009, 64(Suppl 91):1–59.

80. Jutel M, Akdis CA: Immunological mechanisms of allergen-specific
immunotherapy. Allergy 2011, 66:725–732.

81. Bousquet J, Khaltaev N, Cruz AA, Denburg J, Fokkens WJ, Togias A,
Zuberbier T, Baena-Cagnani CE, Canonica GW, van Weel C, et al: Allergic
rhinitis and its impact on asthma (ARIA) 2008 update (in collaboration
with the world health organization, GA(2)LEN and AllerGen). Allergy 2008,
63(Suppl 86):8–160.

82. Ciprandi G, Alesina R, Ariano R, Aurnia P, Borrelli P, Cadario G, Capristo A,
Carosso A, Casino G, Castiglioni G, et al: Characteristics of patients with
allergic polysensitization: the POLISMAIL study. Eur Ann Allergy Clin
Immunol 2008, 40:77–83.

83. Marogna M, Massolo A, Berra D, Zanon P, Chiodini E, Canonica GW,
Passalacqua G: The type of sensitizing allergen can affect the evolution
of respiratory allergy. Allergy 2006, 61:1209–1215.

84. Cox L, Jacobsen L: Comparison of allergen immunotherapy practice
patterns in the United States and Europe. Ann Allergy Asthma Immunol
2009, 103:451–459. quiz 459–461, 495.

85. Cox L, Nelson H, Lockey R, Calabria C, Chacko T, Finegold I, Nelson M,
Weber R, Bernstein DI, Blessing-Moore J, et al: Allergen immunotherapy: a
practice parameter third update. J Allergy Clin Immunol 2011, 127:S1–55.

86. Nelson HS: Specific immunotherapy with allergen mixes: what is the
evidence? Curr Opin Allergy Clin Immunol 2009, 9:549–553.



Canonica et al. World Allergy Organization Journal 2013, 6:17 Page 17 of 17
http://www.waojournal.org/content/6/1/17
87. Weber RW: Cross-reactivity of pollen allergens: impact on allergen
immunotherapy. Ann Allergy Asthma Immunol 2007, 99:203–211.
quiz 212–203, 231.

88. Santos A, Van Ree R: Profilins: mimickers of allergy or relevant allergens?
Int Arch Allergy Immunol 2011, 155:191–204.

89. Valenta R, Twaroch T, Swoboda I: Component-resolved diagnosis to optimize
allergen-specific immunotherapy in the Mediterranean area. Journal of
investigational allergology & clinical immunology 2007, 17(Suppl 1):36–40.

90. Focke M, Marth K, Flicker S, Valenta R: Heterogeneity of commercial
timothy grass pollen extracts. Clin Exp Allergy 2008, 38:1400–1408.

91. Focke M, Marth K, Valenta R: Molecular composition and biological
activity of commercial birch pollen allergen extracts. Eur J Clin Invest
2009, 39:429–436.

92. Schmid-Grendelmeier P: Recombinant allergens. For routine use or still
only science? Hautarzt 2010, 61:946–953.

93. Jutel M, Jaeger L, Suck R, Meyer H, Fiebig H, Cromwell O: Allergen-specific
immunotherapy with recombinant grass pollen allergens. Journal of
Allergy & Clinical Immunology 2005, 116:608–613.

94. Pauli G, Larsen TH, Rak S, Horak F, Pastorello E, Valenta R, Purohit A,
Arvidsson M, Kavina A, Schroeder JW, et al: Efficacy of recombinant birch
pollen vaccine for the treatment of birch-allergic rhinoconjunctivitis.
J Allergy Clin Immunol 2008, 122:951–960.

95. Cromwell O, Häfner D, Nandy A: Recombinant allergens for specific
immunotherapy. J Allergy Clin Immunol 2011, 127:865–872.

96. Hiller R, Laffer S, Harwanegg C, Huber M, Schmidt WM, Twardosz A, Barletta B,
Becker WM, Blaser K, Breiteneder H, et al: Microarrayed allergen molecules:
diagnostic gatekeepers for allergy treatment. FASEB J 2002, 16:414–416.

97. Melioli G, Bonifazi F, Bonini S, Maggi E, Mussap M, Passalacqua G, Rossi ER,
Vacca A, Canonica GW: The ImmunoCAP ISAC molecular allergology
approach in adult multi-sensitized Italian patients with respiratory
symptoms. Clin Biochem 2011, 44:1005–1011.

98. Gadisseur R, Chapelle JP, Cavalier E: A new tool in the field of in-vitro
diagnosis of allergy: preliminary results in the comparison of
ImmunoCAP(c) 250 with the ImmunoCAP(c) ISAC. Clin Chem Lab Med
2011, 49:277–280.

99. Wohrl S, Vigl K, Zehetmayer S, Hiller R, Jarisch R, Prinz M, Stingl G, Kopp T:
The performance of a component-based allergen-microarray in clinical
practice. Allergy 2006, 61:633–639.

100. Jahn-Schmid B, Harwanegg C, Hiller R, Bohle B, Ebner C, Scheiner O, Mueller
MW: Allergen microarray: comparison of microarray using recombinant
allergens with conventional diagnostic methods to detect allergen-
specific serum immunoglobulin E. Clin Exp Allergy 2003, 33:1443–1449.

101. Cabrera-Freitag P, Goikoetxea MJ, Beorlegui C, Gamboa P, Gastaminza G,
Fernández-Benítez M, Ferrer M, Blanca M, Sanz ML: Can component-based
microarray replace fluorescent enzimoimmunoassay in the diagnosis of
grass and cypress pollen allergy? Clinical & Experimental Allergy
2011, 41:1440–1446.

102. Cabrera-Freitag P, Goikoetxea MJ, Gamboa PM, Martinez-Aranguren R,
Beorlegui C, Fernandez J, Sanz ML: A study of the variability of the in vitro
component-based microarray ISAC CDR 103 technique. J Investig Allergol
Clin Immunol 2011, 21:414–415.

103. Twaroch T: Carrier-bound Alt a 1 peptides without allergenic activity for
vaccination against Alternaria alternata allergy. Clin Exp All 2012,
42:966–975.

104. Balboni I, Limb C, Tenenbaum JD, Utz PJ: Evaluation of microarray surfaces
and arraying parameters for autoantibody profiling. Proteomics
2008, 8:3443–3449.

105. Melioli G, Marcomini L, Agazzi A, Bazurro G, Tosca M, Rossi GA, Minale P,
Rossi R, Reggiardo G, Canonica GW, Passalacqua G: The IgE repertoire in
children and adolescents resolved at component level: A cross-sectional
study. Pediatr Allergy Immunol 2012, 23:433–440.

106. Hatzler L, Panetta V, Lau S, Wagner P, Bergmann RL, Illi S, Bergmann KE, Keil T,
Hofmaier S, Rohrbach A, et al: Molecular spreading and predictive value of
preclinical IgE response to Phleum pratense in children with hay fever.
J Allergy Clin Immunol 2012, 130:894–901. e895.

107. Onell A, Hjalle L, Borres MP: Exploring the temporal development of
childhood IgE profiles to allergen components. Clin Transl Allergy
2012, 2:24.

108. Gassner M, Gehrig R, Schmid-Grendelmeier P: Hay Fever as a Christmas
Gift. N Engl J Med 2013, 368:393–394.

109. Walsh J, O'Flynn N: Diagnosis and assessment of food allergy in children
and young people in primary care and community settings: NICE clinical
guideline. CG116 Food allergy in children appendix 3 - health economics,
appendix 3.1 - IgE-mediated food allergy - cost effectiveness analysis.
Br J Gen Pract 2011, 61:473–475. Published online 23 february 2011:
http://guidance.Nice.org.uk/CG116/guidance/appendices/3/pdf/english.

doi:10.1186/1939-4551-6-17
Cite this article as: Canonica et al.: A WAO - ARIA - GA2LEN consensus
document on molecular-based allergy diagnostics. World Allergy
Organization Journal 2013 6:17.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

http://guidance.nice.org.uk/CG116/guidance/appendices/3/pdf/english

	Abstract
	Introduction
	Definitions and concepts
	Allergen source
	Allergen extract
	Allergenic molecule (allergen component)
	Stability of allergens
	More about allergenic molecules

	Component resolved diagnostics (CRD)
	Co-sensitization
	CCD
	Epitope
	Molecular-based allergy (MA) diagnostics
	Pan-allergen
	Recombinant allergen
	sIgE concentration/level
	sIgE sensitization
	sIgE detection based on allergen extracts
	sIgE detection based on allergenic molecules

	Increase accuracy and resolve cross-reactivity
	Assess the risk and type of reaction
	Food allergens
	Peanut
	Soy
	Hazelnut
	Walnut
	Wheat
	Rosaceae fruits
	Egg
	Milk
	Fish
	Shellfish
	Meat allergy

	Inhalants
	Pet dander
	Pollen
	Mites
	Molds
	Cockroach

	Other allergens
	Latex
	Hymenoptera venoms


	Specific immunotherapy
	Micro-array technology
	Patients most likely to benefit from molecular-based allergy diagnostics
	Unmet needs
	Summary and conclusions
	Additional files
	Competing interests
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


