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Etat des lieux 

•  Incidence allergies IgE-médiées ñ durant les dernières décennies en occident.  
–  Maladies les plus répandues dans le monde occidental.  
 

•  Diagnostic basé sur l'utilisation d'extraits allergéniques pour les tests 
cutanés (TC) et des dosages d'IgEs.  
–  Etudes démontrant la mauvaise qualité de certains extraits (teneur en composant 

inconnue, variable et parfois contaminants indésirables). 
Ø Extraits naturels dopés par des recombinants (+ sensible).  

–  Seules certaines protéines se lient aux IgE = à l’origine des manifestations 
d’hypersensibilité de type 1. 
Ø Toutes les protéines ne sont pas des allergènes ! 

–  Aucune information sur l’allergène responsable de la sensibilisation.  
–  Impossible de distinguer les réactions croisées liées à des panallergènes d'une 

véritable sensibilisation pertinente.  
Ø  Pourrait nuire à une évaluation précise. 



Etat des lieux 

•  Progrès en biologie moléculaire : 
•  Synthèse des protéines recombinantes analogues aux protéines qui induisent une 

réaction allergique et qui leur ressemblent au niveau immunologique. 
•  Production avec une qualité constante et en quantité suffisante. 
 

Ø  La détermination des IgE spécifiques dirigées contre ces protéines permet de 
déterminer un profil réactionnel individualisé pour chaque patient. 
ü  Identification exacte des molécules qui induisent la maladie.  

•       Actuellement,   
ü 5000 allergènes décrits. 
ü  >130 mo lécu l e s a l l e rgén iques 

commercialisées pour le dosage in-vitro 
des IgEs. 

 



Allergie moléculaire 
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Figure 9. Selected examples of Allergen micro-Beads Array (ABA) IgE testing report. Eleven different micro-beads were tested in the same
tube in each run for each sample. Examples were selected on purpose among the samples with high total IgE. All IgE positive and negative ABA
results matched the ISAC results. Numbers in the upper left corner indicate the Table S1 row numbers and patients’ ID. In each panel: the upper left
graph shows clustered micro-beads by their dimension; the upper right: scatter plots of each fluorescent bead; the lower left: fluorescence intensity
and event counts; the lower right: summary table with median fluorescence values. Samples reported in each of the six panels had the following total
IgE values: Panel A= 9,730 IU/l; Panel B = 1,351 IU/l; Panel C = 1,220 IU/l; Panel D = 1,931 IU/l; Panel E = 20,900 IU/l; Panel F = 23,540 IU/l.
doi:10.1371/journal.pone.0035697.g009

Allergen Micro-Bead Array for IgE Detection
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EAACI position paper 
Quels sont les besoins en allergologie? 

•  L'allergie : menace majeure pour les budgets de la santé publique.  

 
•  Priorité dans les efforts de recherche :  

–  Diagnostic rapide 
–  Etudes approfondies sur les composants  

§  diagnostic in-vitro 
§  innovations biotechnologiques  
§  immunothérapie 

–  Prévention efficace  
–  Traitement curatif et adapté 
–  Dévoiler les voies et mécanismes physiopathologiques de base conduisant à la 

compréhension et à la résolution des allergies  
§  conception de nouveaux protocoles de diagnostic et de traitement 

POSITION ARTICLE AND GUIDELINES Open Access

Research needs in allergy: an EAACI position
paper, in collaboration with EFA
Nikolaos G Papadopoulos1*, Ioana Agache2, Sevim Bavbek3, Beatrice M Bilo4, Fulvio Braido5, Victoria Cardona6,
Adnan Custovic7, Jan deMonchy8, Pascal Demoly9, Philippe Eigenmann10, Jacques Gayraud11, Clive Grattan12,
Enrico Heffler13, Peter W Hellings14, Marek Jutel15, Edward Knol16, Jan Lötvall17, Antonella Muraro18,
Lars K Poulsen19, Graham Roberts20, Peter Schmid-Grendelmeier21, Chrysanthi Skevaki1, Massimo Triggiani22,
Ronald vanRee23, Thomas Werfel24, Breda Flood25, Susanna Palkonen25, Roberta Savli25, Pia Allegri26,
Isabella Annesi-Maesano27, Francesco Annunziato28, Dario Antolin-Amerigo29, Christian Apfelbacher30,
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George Konstantinou65, Marcin Kurowski66, Susanne Lau67, Roger Lauener68, Antti Lauerma69, Kirsty Logan70,
Antoine Magnan71, Joanna Makowska72, Heidi Makrinioti36, Paraskevi Mangina1, Felicia Manole73, Adriano Mari74,
Angel Mazon75, Clare Mills76, Ervin Ç Mingomataj77, Bodo Niggemann78, Gunnar Nilsson79, Markus Ollert80,
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Abstract

In less than half a century, allergy, originally perceived as a rare disease, has become a major public health threat,
today affecting the lives of more than 60 million people in Europe, and probably close to one billion worldwide,
thereby heavily impacting the budgets of public health systems. More disturbingly, its prevalence and impact are
on the rise, a development that has been associated with environmental and lifestyle changes accompanying the
(Continued on next page)
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CONSENSUS DOCUMENT Open Access

A WAO - ARIA - GA2LEN consensus document on
molecular-based allergy diagnostics
Giorgio Walter Canonica1*, Ignacio J Ansotegui2, Ruby Pawankar3, Peter Schmid-Grendelmeier4, Marianne van Hage5,
Carlos E Baena-Cagnani6, Giovanni Melioli7, Carlos Nunes8, Giovanni Passalacqua9, Lanny Rosenwasser10,
Hugh Sampson11, Joaquin Sastre12, Jean Bousquet13, Torsten Zuberbier14 and WAO-ARIA-GA2LEN Task Force:
Katrina Allen, Riccardo Asero, Barbara Bohle, Linda Cox, Frederic de Blay, Motohiro Ebisawa, Rene Maximiliano-Gomez,
Sandra Gonzalez-Diaz, Tari Haahtela, Stephen Holgate, Thilo Jakob, Mark Larche, Paolo Maria Matricardi,
John Oppenheimer, Lars K Poulsen, Harald E Renz, Nelson Rosario, Marc Rothenberg, Mario Sanchez-Borges,
Enrico Scala, Rudolf Valenta

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.
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Genoa, Largo Rosanna Benzi, Genoa, Italy
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reproduction in any medium, provided the original work is properly cited.
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WAO 
Allergie moléculaire (MA) 

Ø Guide de MA (indication, interprétation, diagnostic) pour les 
allergologues. Evolution rapide : les cliniciens sont tenus de suivre le rythme. 

 
•  Allergie moléculaire 

–  Diagnostic de l'allergie + précis. 
–  Pronostic.  
–  3 intérêts majeurs :  

1.  Meilleure compréhension des réactions croisées chez les patients 
polysensibilisées. 

2.  Evalue le risque : réactions systémiques versus locales dans l'allergie 
alimentaire, anxiété êdu patient et êla nécessité TPO alimentaire.  

3.  Identifie des candidats pour l'immunothérapie spécifique. 
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Standard ImmunoCAP®, UniCAP 

SINGLEPLEX 
•  Une détermination = Un résultat 
•  Test unique contre 1 seul extrait 
allergènique ou un seul composant 

Dosage des IgE spécifiques 

bouleau	



ImmunoCAP ISAC® 

MULTIPLEX 
•  Une détermination = + de 100 résultats 
~ 112 composants  
•  > 40 sources allergéniques 
 

Concept 
Singleplex versus Multiplex 
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ImmunoCAP, ISAC 
MULTIPLEX  

Concept 
Singleplex versus Multiplex 

•  Singleplex  
(ImmunoCAP , Immulite , HyTech) 
Sélection des composants nécessaires 
définie par l'histoire clinique du patient .  

•  Multiplex  
(ImmunoCAP ISAC, le + complet, 
disponible) 
Large panel d'allergènes présélectionnés 
indépendamment de l'histoire de clinique.  



ImmunoCAP, UniCAP 
•  Echelle macroscopique  
      (µg allergène/CAP) 
 
•  CV < 15% 
•  Résultat fourni par méthode quantitative  
•  Méthode automatisée 
•  40 µL de sérum / test 
      + 150µL volume mort ! 
 
•  Haute capacité totale de fixation 
•  Peu de fixation non-spécifique 
•  Haute sensibilité => de très faibles quantités d’IgE 

peuvent être identifiées. 
 
 

ImmunoCAP ISAC 
•  Echelle microscopique  
      (100 ρg allergène/spot,  >100 allergène/cm2) 
 
•  CV < 25% au-delà de 1 ISU 
•  Résultat Semi-quantitatif 
•  Méthode manuelle 
•  30 µL de sérum =   >112 résultats  

•  Haute capacité totale de fixation 
•  Pas ou peu de fixation non-spécifique 
•  Bonne sensibilité  
•  Haute spécificité 

•  Fournit le profil de sensibilisation du patient 
 

Concept 
Singleplex versus Multiplex 



Mais 
... 



Limitation de notre sécurité sociale lors de la prescription :  
 
En Belgique : maximum 6 allergènes remboursés / prise de sang / 24h. 
Chaque allergène supplémentaire est facturé à 8€04 au patient. 
Mixture, extrait, composant => Même prix, même limitation ! 
 
En Belgique : prix d’un ImmunoCAP ISAC = 175€, à charge du patient. 
 
Une même source allergénique = parfois 5 composants à tester... 
=> multiplication des tests pour faire l’allergie moléculaire. 
 

reaction as a true provocation test (ie, food challenge or
nasal/bronchial mucosa exposure) or as a skin test. Such
tests can hardly be standardized in the way any laboratory
test should be, largely due to issues with the main reagent
material, the extract. Limitations in achieving such results
have been reported and discussed in many reports even
recently [3•].

Better results have been achieved in the quality of
allergy testing with IgE laboratory-based detection systems,
mainly after the release of second-generation in vitro
detection methods [4••]. The time required for testing
started to reach the range of hours, and automation reduced
the need of human resources, thus reducing the costs and
improving the overall quality of allergy testing. Studies run
several times to comparatively evaluate skin test and in
vitro specific IgE detection led to the conclusion that
virtually the same results can be achieved by both
methodologies, with advantages and disadvantages for each
[5, 6]. Nevertheless, the skin test remains the preferred
method for allergy diagnosis, as the cost incurred is much
lower compared with the same number of tests applied to
any in vitro system. Standard panels of food or inhalant
allergenic sources required for a comprehensive screening
of the allergic patient have limited the use of in vitro
systems as the exception rather than the routine approach.

Allergens: Extracts or Molecules

Allergenic extracts are a heterogeneous and unpredictable
mixture of allergenic and nonallergenic proteins. Papers
reporting how the starting raw material or the final product
can rarely be standardized are available in the scientific
literature [7–9]. The need for improved allergenic extract
standardization has led to the use of molecules as reference
material [10, 11•]. Unless this approach produces a
consistent step forward in improving extract quality, the
extract per se cannot lead to the dissection of a patient’s
specific IgE allergenic molecule recognition patterns [12,
13].

During the 1980s, the availability of advanced biochemical
and molecular biology techniques resulted in the character-
ization of the most important allergens and a dramatic increase
in our knowledge about allergenic molecules. The increasing
number of publications has led to a better understanding of the
link between allergenic structures and allergic diseases [14].
Currently, 1783 allergens have been described, although
different characterization levels have been achieved for each
(http://www.allergome.org/script/statistic.php).

Many molecules have been used for skin testing, mainly
to prove their biological activity in selected patients [15]. A
few recent published reports have shown the feasibility of a
molecule-based skin test for allergy diagnosis [16, 17•].

Nevertheless, allergenic molecules have not yet entered into
the routine diagnosis of allergy, mainly because very few
commercial preparations are available for in vivo applica-
tion. The cost is high because the molecule concentration
used in the skin test ranges between 10 and 100 μg/mL and
because of the huge number of preparations that need to be
applied.

Furthermore, a relevant limitation to the in vivo use of
allergenic molecules is the regulatory need to have all the
preparations, natural or recombinant, approved as drugs
used in humans. Nevertheless, the clinical relevance of an
allergenic molecule–based diagnosis has become more and
more evident by the use of small panels of allergenic
molecules via established in vitro systems [18, 19]. An
increasingly comprehensive panel of natural and recombi-
nant allergens is currently available on singleplex IgE
detection systems [4••]. Limitations to their use are chiefly
a result of the proportional increase in the costs, as depicted
in Fig. 1.

Specific IgE Detection Systems: Singleplex
Versus Multiplex

Singleplex and multiplex testing refers to the selection and
application of single reagents for detecting a specific
analyte (ie, specific IgE) and the use of a predefined panel
of reagents to be tested simultaneously in the same run,
respectively. Thus, the difference between the two testing
approaches is the number of results obtained by the
application of a single specimen (ie, human serum, plasma,
or any other body fluid) [4••]. The skin test could be
considered a multiplex testing system, but the highly
variable number of applied allergenic extracts makes the
skin test method simply an addition of single diagnostic

Fig. 1 Comparative schematic cost of singleplex and multiplex
reagents to be used to yield the same number of diagnostic data
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Abstract IgE-mediated allergic diseases are among the
most prevalent diseases worldwide. The use of extracts in
the skin test and the additional use of IgE testing still
represent the current basis for the diagnostic work-up.
During the past 30 years, knowledge of the molecular
structure of allergens has increased dramatically, and the
characterization and production of allergenic molecules, as
natural purified compounds or recombinant products, is
allowing us to approach the allergy diagnostic work-up
differently. Much of this is based on the adoption of
microtechnology since the first release of a biochip for IgE
detection. Its use has prompted the development of new
concepts linked to the diagnosis of allergic diseases. This
review describes the background of allergy diagnosis and
the tools currently used for specific IgE detection. It gives
insight into the most recent advancement in the field of
biotechnology leading to allergenic molecule availability,
microtechnology leading to the routine use of protein
biochips for IgE detection, and how they should be
combined with information technology.

Keywords Allergy . Diagnosis .Molecules . Extracts .

Biochip . IgE

Introduction

The overall allergic disease picture is not shared by any
other disease in the general population. It affects all ages

and both genders to almost the same extent and is globally
distributed, competing in prevalence with infective- and
parasite-related diseases. Epidemiologic and diagnostic
reports on allergy-related symptoms come from all
countries, developed or developing. This holds true for
asthma-related symptoms as well as for rhinoconjunctivitis
or eczema. Pathogenic mechanisms, which can be immu-
nologic or not, are the leading cause of clinical diseases
such as asthma, urticaria, rhinitis, eczema, conjunctivitis,
and anaphylaxis [1]. When an immunologic mechanism is
suspected, IgE plays a fundamental role in the immunopa-
thogenesis of the allergic disease [2]. In most cases, the
IgE-mediated mechanism is the only mechanism involved.
Thus, the first step in allergy diagnosis is to identify any
allergen-specific IgE and to define whether it is related to
the current disease or not.

This review describes established tools used for specific
IgE detection and compares them with the most recent
application of allergenic molecules and microtechnologies
to IgE-mediated allergic diseases.

Current Tools: Skin Test and IgE Singleplex
Detection Systems

Identification of the triggering allergenic sources is the
basis for allergy diagnosis. The research on organisms and
their tissues releasing allergenic compounds dates back
more than 100 years and is still ongoing. Allergome, a
Web-based platform (http://www.allergome.org) collecting
information from international scientific literature, currently
lists 1739 organisms and tissues from which allergenic
molecules are released. Allergenic extracts, obtained from
allergenic organisms or from one or more of their tissues,
are applied in vivo to patients to stimulate an allergic

A. Mari (*) : C. Alessandri :M. L. Bernardi :R. Ferrara :
E. Scala :D. Zennaro
Center for Molecular Allergology, IDI-IRCCS,
Via dei Monti di Creta 104,
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•  Microarray  
•  Données cliniques (tolérance, allergie) 
•  Combinaison avec l’informatique 
 

à  Remplacement de la provocation ? 

A bioinformatics approach to identify patients with
symptomatic peanut allergy using peptide microarray
immunoassay

Jing Lin, PhD,a* Francesca M. Bruni, MD,b* Zhiyan Fu, PhD,a Jennifer Maloney, MD,a Ludmilla Bardina, MSc,a

Attilio L. Boner, MD,b Gustavo Gimenez, BSc,a and Hugh A. Sampson, MDa New York, NY, and Verona, Italy

Background: Peanut allergy is relatively common, typically
permanent, and often severe. Double-blind, placebo-controlled
food challenge is considered the gold standard for the diagnosis
of food allergy–related disorders. However, the complexity and
potential of double-blind, placebo-controlled food challenge to
cause life-threatening allergic reactions affects its clinical
application. A laboratory test that could accurately diagnose
symptomatic peanut allergy would greatly facilitate clinical
practice.
Objective: We sought to develop an allergy diagnostic method
that could correctly predict symptomatic peanut allergy by
using peptide microarray immunoassays and bioinformatic
methods.
Methods: Microarray immunoassays were performed by using
the sera from 62 patients (31 with symptomatic peanut allergy
and 31 who had outgrown their peanut allergy or were
sensitized but were clinically tolerant to peanut). Specific IgE
and IgG4 binding to 419 overlapping peptides (15 mers, 3 offset)
covering the amino acid sequences of Ara h 1, Ara h 2, and Ara
h 3 were measured by using a peptide microarray immunoassay.
Bioinformatic methods were applied for data analysis.
Results: Individuals with peanut allergy showed significantly
greater IgE binding and broader epitope diversity than did
peanut-tolerant individuals. No significant difference in IgG4

binding was found between groups. By using machine learning
methods, 4 peptide biomarkers were identified and prediction
models that can predict the outcome of double-blind,
placebo-controlled food challenges with high accuracy were
developed by using a combination of the biomarkers.
Conclusions: In this study, we developed a novel diagnostic
approach that can predict peanut allergy with high accuracy by

combining the results of a peptide microarray immunoassay
and bioinformatic methods. Further studies are needed to
validate the efficacy of this assay in clinical practice. (J Allergy
Clin Immunol 2012;129:1321-8.)

Key words: Epitope mapping, peptide microarray, peanut allergy,
bioinformatics, machine learning, allergy diagnosis, epitope
biomarker

Peanut (Arachis hypogea) allergy is one of the most common
food allergies, and recent studies from North America and the
United Kingdom place the prevalence of peanut allergy among
children at slightly more than 1%.1-3 As opposed to many other
childhood food allergies (milk, egg, soy, etc) that most patients
outgrow, peanut allergy tends to persist throughout life with
only approximately 20% of the children allergic to peanuts ‘‘out-
growing’’ their allergy.4-6

Many peanut allergens (designated Ara h 1-11)7 have been
characterized, and sequential IgE-binding epitopes have been de-
fined for some.8-12 Several studies have shown in both peanut-
allergic patients and sensitized animals that the majority of the
IgE response is directed at Ara h 1, Ara h 2, Ara h 3, and Ara h
6.13,14 Previous studies mapping IgE epitopes on Ara h 1, Ara h
2, and Ara h 3 have found a positive correlation between IgE ep-
itope diversity, as represented by the number of epitopes recog-
nized, and the severity of patients’ clinical reactivity.12,15

Double-blind, placebo-controlled food challenges (DBPCFCs)
are the ‘‘gold standard’’ for diagnosing food allergy,16 but they are
time-consuming, expensive, and stressful for the patient. In addi-
tion, they place the patient at risk for a potentially life-threatening
anaphylactic reaction.17 The skin prick test (SPT) has also been
used to diagnose clinical peanut allergy.18,19 For example, Sporik
et al19 have reported a SPTwheal diameter of 8 mm or more to be
100% specific in predicting positive challenges to peanut in young
children attending an Allergy Clinic in Melbourne, Australia.
However, other studies have not found this value to be very pre-
dictive.20 Several studies have evaluated the measurement of se-
rum food specific-IgE (sIgE) levels as a method for predicting
the outcome of a food challenge.21,22 In particular, a peanut
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As a novel epitope mapping tool, the peptide microarray
immunoassay has been utilized more frequently in the past few
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challenge, 31 patients reacted to peanut (defined as peanut-
allergic group) and 31 did not react (defined as peanut-tolerant
group). Thirteen of the 31 peanut-tolerant patients had a convinc-
ing history of a previous acute reaction following peanut con-
sumption, but they apparently outgrew their allergy, whereas
the remaining 18 patients had positive peanut sIgE levels (16 of
them had a positive SPT result) but never had clinical reactions
following peanut consumption. Peanut-allergic individuals had
significantly larger wheal diameters (P < .0001) than did
peanut-tolerant subjects, but their peanut sIgE levels were not sig-
nificantly different. Overall, all the 62 patients reacted to at least
1 peptide of Ara h 1, Ara h 2, and Ara h 3 with either IgE or IgG4

antibodies or both antibodies. IgE and IgG4 binding to all individ-
ual peptides from peanut-tolerant and peanut-allergic subjects
was visualized by using heatmap shown in Fig E1 (see this arti-
cle’s Online Repository at www.jacionline.org).

IgE binding and identification of informative IgE
epitopes

Both peanut-allergic and peanut-tolerant individuals had pos-
itive IgE binding to peptides of Ara h 1, Ara h 2, and Ara h 3.
However, peanut-allergic individuals bound significantly more
peptides (median IgE peptides bound5 78 vs 15;P <.01) than did
peanut-tolerant ones, especially for Ara h 2 (median IgE peptides
bound5 10 vs 0; P < .001) (Fig 1). Most peanut-allergic individ-
uals (84%) showed positive binding to peptides of Ara h 2,
whereas more than half of peanut-tolerant ones (65%) showed
no binding.

In addition to broader epitope diversity, peanut-allergic indi-
viduals showed significantly more intense IgE binding to peanut
epitopes than did peanut-tolerant ones. Thirty-one IgE-binding
regions containingmultiple epitopes (Ara h 1, 14 regions; Ara h 2,
4 regions; Ara h 3, 13 regions) were identified by using TileMap
(Fig 2). These epitopes were informative epitopes; they had
significantly greater IgE binding (P < .01; false discovery rate <
0.01) in the clinically allergic individuals compared with both tol-
erant and nonatopic groups. A comparison of the informative
epitopes with the epitopes and immunodominant regions identi-
fied in previous studies8,11,12,39 is indicated in Fig 2.

Some of the above-identified binding regions/epitopes were
selected for a peptide inhibition assay to test the specificity of IgE

binding. As shown in Fig E2 in this article’s Online Repository at
www.jacionline.org, the complete or partial inhibition of IgE
binding by the same peptide indicated that the detected binding
was due to epitope sIgE antibodies.

IgG4 binding
Compared with the IgE binding from peanut-allergic individ-

uals, all individuals had relatively weaker IgG4 binding to peanut
peptides (Fig 2); 24% and 29% of the IgE positive peptides from
peanut-tolerant and peanut-allergic groups, respectively, were
bound by IgG4 antibodies. No significant differences in either
the diversity or the intensity of IgG4 binding between peanut-
allergic and peanut-tolerant groups were observed (Figs 1 and
2). However, peanut-allergic patients tended to bind more pep-
tides with IgG4 (median IgG4 peptides bound 5 27 vs 13; P 5
.17). Similar to IgE, the difference in IgG4 binding diversity be-
tween groups was more obvious with Ara h 2 peptides (median
IgG4 peptides bound 5 4 vs 0; P 5 .026) (Fig 1).

A comparison of the patients who outgrew peanut allergy (n5
13) and the sensitized patients who never had clinical reactions to
peanut (n 5 18) showed no significant differences between their
IgG4-binding patterns (median IgG4 peptides bound 5 13 vs 16;
P 5 .76) (Fig E1).

Peptide biomarkers identified by using the machine
learning method

Within the identified informative epitopes, epitopes corre-
sponding to Ara h 2 peptide numbers 8 to 10 had the highest
classification power, but it reached only approximately 70%
sensitivity and approximately 80% specificity in distinguishing
between peanut-allergic and peanut-tolerant groups. A machine
learning method was used to identify a combination of peptides
that complemented each other to increase the overall diagnostic
accuracy. IgG4 data were not incorporated into the prediction
models since no significant differences in IgG4 binding were ob-
served between peanut-allergic and peanut-tolerant groups.

Three peptides—Ara h 2 peptide number 10 (Ara h 2_10,
AA28-42), Ara h 2 peptide number 18 (Ara h 2_18, AA52-66),
and Ara h 1 peptide number 16 (Ara h 1_16, AA46-60)—were
identified as peptide biomarkers by using both machine learning
methods, decision tree and support vector machine. For support
vector machine, 1 additional peptide biomarker—Ara h 3 peptide
number 140 (Ara h 3_140, AA418-432)—was added. Among the
identified peptide biomarkers, Ara h 2_10 and Ara h 2_18, each
demonstrating more than 70% sensitivity and 60% specificity,
were the 2 key biomarkers. The other 2 biomarkers—Ara h 1_16
and Ara h 3_140—bound by only a few patients, were selected by
the models because they increased the prediction performance
when combined with the key Ara h 2 biomarkers. When the 4
biomarkers were combined in the prediction models, the overall
accuracy in 5-fold cross-validation reached more than 90% with
approximately 90% sensitivity and approximately 95% specific-
ity (Table II).

The developed decision tree, one of the end products of
machine learning analysis, is shown in Fig 3: 62 individuals
were sorted on the basis of their IgE reactions to the selected pep-
tide biomarkers. Thirty of 31 (96.8%) peanut-allergic and 29 of 31
(93.5%) peanut-tolerant individuals could be correctly identified
by using this decision tree.

TABLE I. Patients’ demographic and clinical characteristics*

Peanut-allergic
group

Peanut-tolerant
group

P
value

No. of patients 31 31
Age (y) 7.1 6 3.7

[3-17]
7.9 6 3.7
[3-17]

NS

Males (n) 19 (61.1%) 20 (67.7%) NS
Wheal diameter (mm) 7.2 6 3.8

[3-13]
3.8 6 2.1
[0-8]

<.0001

sIgE (kUA/L) 2 6 2.7
[0.35-15.1]

2.4 6 2.9
[0.35-13.4]

NS

Other food allergy 21 (67.7%) 23 (74.1%) NS
Atopic dermatitis 22 (70.6%) 21 (67.7%) NS
Asthma 15 (48.3%) 15 (48.3%) NS
Allergic rhinitis 21 (67.7%) 23 (74.1%) NS
Urticaria 3 (9.6%) 0 (0%) NS

NS, Not significant.
*Values are expressed as mean 6 SD, median [range], or number (%).
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Allergen microarray  
Etat des connaissances en 2005 

•  Multiplex, Immuno-essais en phase solide => dosage des IgE sériques. 
•  Anticorps secondaire marqué à la fluorescence 
•  Panel de protéines/molécules recombinantes ou naturelles purifiées, immobilisées 

sur une lame de verre chimiquement modifiée.  
•  Triplicate => sensibilité du test.  
•  IgE humains purifiés, dilués en série, dans des puits => étalonnage & contrôle qualité. 
•  Miniaturisé, la lame de verre (75x25mm).  
•  4 zones identiques/lame pour tester 4 patients dans puits de réaction individuels entourés 

par une mince couche de Téflon (évite le débordement de l'échantillon durant l'essai).  

•  Résultats semi-quantitatifs en ISU (ISAC Standardized Units). 
–  Enregistrement de l'intensité de fluorescence (IF) pour chaque spot.  
–  QC bioinformatiques par le dosage d'un sérum étalon contenant des quantités  
d'IgE prédéfinis pour un certain nombre d'allergènes choisis. 
–  Valeurs de l'IF dans les échantillons de patients extrapolés par régression linéaire.  
–  Finalement, pour chaque composant individuel, les concentrations d'IgEs sont déterminés. 
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Protein microarrays for the diagnosis of allergic diseases:
state-of-the-art and future development1)
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Abstract

In the emerging field of Functional Proteomics, pro-
tein microarrays are considered to be one of the most
promising tools for the simultaneous analysis of the
a) abundance, b) function, and c) interaction of pro-
teins on a system-wide scale. Resting on the techno-
logical grounds of widely used DNA biochips, the
great power of microarray-based miniature solid-
phase immunoassays lies in their potential to inves-
tigate in parallel large numbers of analyte pairs in a
variety of biological samples. Consequently, this has
fuelled aspirations that protein microarrays may
serve as tools for the high-throughput functional
investigation of complete proteomes and, moreover,
that they will develop into promising candidates for
innovative in-vitro diagnostic (IVD) applications. To
date, published examples of protein microarrays for
IVD purposes have included tests for allergy, auto-
immune and infectious diseases. Here, we discuss
recent advancements in the development of protein
microarrays for the profiling of IgE antibodies in the
diagnosis of Type 1-related allergic diseases.

Keywords: allergy; biochip; component resolved diag-
nosis; IgE; microarray; molecular diagnostics; recom-
binant allergen.

Introduction

Protein microarrays as promising tools in
proteomics

DNA microarrays (or biochips) have become a wide-
spread tool for genotyping studies and for the analy-
sis of gene-expression states on a whole-genome
level (1). Since its introduction at the beginning of the
1990s, DNA microarray technology has improved rap-
idly, and DNA biochips are finally being adopted for

1) This article was originally published in the journal La-
boratoriumsMedizin 2005;29(4):272–277 and is re-published
in Clin Chem Lab Med with kind permission from the
authors.
*Corresponding author: Reinhard Hiller, VBC-GENOMICS
Bioscience Research LLC, Rennweg 95 B, 1030 Vienna,
Austria
Phone: q43 1 796 65 72-51, Fax: q43 1 796 65 72-320,
E-mail: reinhard.hiller@vbc-genomics.com

genotyping purposes under routine diagnostic con-
ditions (2). Although DNA microarrays have been
accepted as a reliable tool for conducting research in
the fields of genomics and transcriptomics, it has
been noted that the information about gene expres-
sion gained on the RNA level often correlates poorly
with the abundance or function of the corresponding
gene products (3). Therefore, to gather reliable data
about protein expression and to understand the com-
plex network of protein interaction and functioning
on a cellular level, the demand for large-scale and
high-throughput methods has grown tremendously.
Consequently, the concept of developing protein
microarrays by adopting DNA biochip-based technol-
ogies has raised considerable interest among scien-
tists in academia and industry wreviewed in (4)x.

Like their DNA biochip counterparts, protein micro-
arrays are usually built on planar substrates, such as
high-quality glass microscopy slides, silicon wafers or
plastic devices (Figure 1A). For the immobilisation of
proteins in a microarrayed fashion, the surface of the
substrate is usually modified in order to bind protein
compounds in a stable and biologically active man-
ner. The latter can be accomplished by the chemical
modification of the surface, or by the application of
3D-like functional layers, such as nitrocellulose-based
or hydrogel-like structures (Figure 1B). Different types
and numbers of capture molecules (e.g., native or
recombinant proteins, antibodies, peptides or apta-
mer molecules) are subsequently immobilised in a
microarray fashion by robotic equipment to create
individually addressable reaction sites (spots, fea-
tures) (Figure 1C). Each of these (usually) mm-sized
spots is later employed in a miniaturised ligand bind-
ing assay where each biological interaction can sub-
sequently be monitored by applying specific detection
antibodies (e.g., labelled with a fluorescence dye)
combined with sensitive detection methods (e.g., flu-
orescence laser scanning microscopes) (Figure 1D).
As a result, multi-spot fluorescence images are pro-
duced, and the individual signal intensities of each
spot can be used for analyte quantification, to deter-
mine protein expression levels, or to monitor the
function of specific enzyme-substrate pairs (5).

Although the concept of miniaturised ligand bind-
ing assays was described almost 15 years ago (6),
current technological solutions to develop protein
microarrays have mostly remained in a conceptual
state (2, 7, 8). Among several reasons, this is due to
the high level of complexity intrinsic to the antigens
employed in miniaturised assays (e.g., size, charge,
solubility, surface activity, 3D structure). Consequent-
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Allergen microarray 
Prouesses technologiques 

•  VBC Genomics (Vienne, Autriche) : dévelopement 
des lames : 
–  Optimisation d’un revêtement coaté par des amines 

réactives permettant la fixation covalente de 
protéines et la performance du test.  

–  Solutions de composants à des concentrations de 
spotting de 0,3 mg/ml (tampon phosphate de 
sodium, pH 8,5).  

–  Distribution robotisée des solutions d'allergènes.  
–  Guide (Ac anti-IgE), concentration 1 pg/ml . 

•  Difficultés du dosage: 
–  IgEs sériques, faible concentration => défi 

majeur.  
–  Optimisation de la production d’un Ac 

monoclonal anti-IgE humain fluorescent. 

Fig. 2 
 

                   
             
Figure 2. Schematic overview: Diagnosis of type I allergy with microarrayed allergen components. 1, 2) Purified 
allergen molecules were obtained from important allergen sources by recombinant DNA technology as recombinant 
allergens and/or as purified natural allergens. 3) Preparation of microarray of purified allergen molecules to obtain 
allergen chips. 4) Allergen chips were incubated with serum IgE, and bound IgE antibodies were traced with fluorescence-
labeled anti-human IgE antibodies. 5) The patients’ IgE reactivity profile can be obtained and quantified by scanning the 
fluorescence intensity of the signals. 



Allergen microarray 
Points forts/faibles 

•  Composants allergéniques :  
–  Identification des allergènes responsables. 

•  Accès à un profil de sensibilisation en une simple et rapide détermination.  
•  De petites quantités de sérum sont nécessaires => intérêt chez l’enfant. 
•  Molécules ou épitopes supplémentaires à ajouter au panel pour couvrir le 

spectre complet de toutes les sources d'allergènes importantes.  
Ø  Pas un problème majeur à concevoir :  
–  Disponibilité des allergènes recombinants augmente rapidement.  
–  Lames peuvent accueillir plusieurs milliers de composants individuels 

ainsi que des épitopes.  
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allergenic molecule(s) contained in that stuff (primary 
response or sensitization). The IgE then binds to another 
type of white blood cell (mast cells) by mean of a specific 

come into contact with that allergen(s) again, they initiate 
a complex immune response, involving the release of 
preformed or neo-formed inflammation mediators, that 
cause the allergy symptoms (Figure 1). The allergic 
reaction may cause one or more symptoms that may be 
more or less severe, including urticaria, rhinitis, 
conjunctivitis, angioedema, oral allergic syndrome, 
abdominal pain, diarrhea, asthma, anaphylactic shock. 
Mainly for those people showing severe symptoms, it is 
important to be able to correctly identify the allergenic 
sources to which the patient reacts.  

 

Fig.  1.  Release of inflammatory mediators from IgE-sensitized mast 
cells after interaction with allergens. 

DIAGNOSIS: ALLERGIC, OR NOT ALLERGIC, THIS 
IS THE QUESTION 

The traditional testing systems are generally based on 
the use of commercially available protein extracts derived 
from the allergenic sources. However, they frequently fail 
to detect specific IgE because their composition can be 
very variable. Ripening stage, post-harvest treatments, 
differences among cultivars, proteolytic degradation and 
protocols used for the extraction significantly affect the 
relative amounts of many proteins and the profile of 
allergenic components [16-18]. 

Since it seems impossible to obtain standardized 
extracts with a constant allergenic composition and 
containing all the allergenic proteins present in the natural 
source, molecule-based diagnosis has gained more 
attention in the recent past. In fact, the scientific research 
and the companies are evolving through the development 
of new technologies useful for the detection of specific 
IgE against individual allergenic molecules. Unlike 
traditional systems, these won't use protein extracts, but 
only natural or recombinant purified allergens, that in this 
way will allow a better standardization of the whole 
system.  

The multiplex microarray-based technology of t
 a new methodology 

ISAC (Immuno Solid-phase Allergen Chip) is an in 
vitro diagnostic system useful for semiquantitative 
analysis of IgE in serum samples [19-22]. In contrast with 
the traditional systems, it uses only purified allergens. It is 
made of a microscope glass slide containing four identical 
reaction chambers (Figure 2A) and each chamber is a 
microarray where individual allergens are immobilized 
separately (Figure 2B). The IgE contained in the serum of 
an allergic subject recognize one or more immobilized 
allergens on the microarray (Figure 2C) and the 
interaction is revealed using a secondary antibody labeled 
with a fluorescent probe, specific for human IgE (Figure 
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allergenic molecule(s) contained in that stuff (primary 
response or sensitization). The IgE then binds to another 
type of white blood cell (mast cells) by mean of a specific 

come into contact with that allergen(s) again, they initiate 
a complex immune response, involving the release of 
preformed or neo-formed inflammation mediators, that 
cause the allergy symptoms (Figure 1). The allergic 
reaction may cause one or more symptoms that may be 
more or less severe, including urticaria, rhinitis, 
conjunctivitis, angioedema, oral allergic syndrome, 
abdominal pain, diarrhea, asthma, anaphylactic shock. 
Mainly for those people showing severe symptoms, it is 
important to be able to correctly identify the allergenic 
sources to which the patient reacts.  
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DIAGNOSIS: ALLERGIC, OR NOT ALLERGIC, THIS 
IS THE QUESTION 

The traditional testing systems are generally based on 
the use of commercially available protein extracts derived 
from the allergenic sources. However, they frequently fail 
to detect specific IgE because their composition can be 
very variable. Ripening stage, post-harvest treatments, 
differences among cultivars, proteolytic degradation and 
protocols used for the extraction significantly affect the 
relative amounts of many proteins and the profile of 
allergenic components [16-18]. 

Since it seems impossible to obtain standardized 
extracts with a constant allergenic composition and 
containing all the allergenic proteins present in the natural 
source, molecule-based diagnosis has gained more 
attention in the recent past. In fact, the scientific research 
and the companies are evolving through the development 
of new technologies useful for the detection of specific 
IgE against individual allergenic molecules. Unlike 
traditional systems, these won't use protein extracts, but 
only natural or recombinant purified allergens, that in this 
way will allow a better standardization of the whole 
system.  

The multiplex microarray-based technology of t
 a new methodology 
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Microarray, Multiplex 
ImmunoCAP ISAC en 2008 

•  Technique innovante, outil supplémentaire pour 
le diagnostic in-vitro, basé exclusivement sur les 
composants allergéniques. 

–  Plateforme miniaturisée d’immunoessais  
–  Mesure des IgEs dirigés contre +/-50 sources 

allergéniques communes, en un seul dosage. 
–  112 allergènes natifs et recombinants. 

§  Allergènes choisis en fonction de leur pertinence 
dans l’établissement d’un profil de sensibilisation. 

–  Tests sur 30 µL de sérum ou sang total. 
–  Permet de déterminer des profils de sensibilisation 

rapidement et à moindre coût. 



Pollens : Cyn d 1, Phl p 1, 
Phl p 2, Phl p 4, Phl p 5, 
Phl p 6 et Ole e 1 

Bet v 1 homologues (PR-10): 

Bet v 1, Aln g 1, Cor a 1, 
Mal d 1, Pru p 1, Gly m 4, 
Ara h 8, Api g 1 

Profilines : 

Bet v 2, Ole e 2, Hev b 
8, Mer a 1, Phl p 12 

Marqueurs d’espèce : 

Gal d 1, Bos d 
lactoferrine, Fel d 1, 
Fel d 4, Can f 1, Mus 
m 1, Alt a 1 

Tropomyosine : Der p 10 

Der p 1, Der f 1, Der f 
2, Der p 2, Eur m 2 

B. Julien (18 ans) 
 
 

Grâce à MA, nous trouvons des explications :  

Nombreuses allergies alimentaires dues à la sensibilisation aux profilines, 
protéines PR-10 (OAS), tropomyosine (fruit de mer), lait de vache… 

Nombreuses graminées, acariens, animaux domestiques… qui expliquent 
la rhinite perannuelle exacerbée durant le période pollinique. 



•  Bonne reproductibilité selon plusieurs études. 
–  SAUF si faibles taux d' IgE (0,3-1 ISU) : plus grande variabilité. 

•  Comparaison ISAC avec méthodes singleplex.  
–  Concordance variable selon les allergènes testés avec ImmunoCAP ISAC (version 103).  
–  Pas de donnée comparative avec ImmuLite ou HyTech. 
–  ISAC (version 112) : résolution  de certaines divergences.  
–  ISAC 0,3-100 ISU (semi-quantitatif) versus CAP en kU/L (quantitatif), pas interchangeables.  
–  CAP : liaison des IgE dans des conditions d'excès d’allergène versus ISAC utilise de 

faibles quantités d'allergènes (concurrence avec isotypes spécifiques comme IgG). 
•  Variabilité inter-essai élevée pour ISAC :  

–  Pas recommandé pour le suivi des taux d'IgEs au cours du temps.  

•  Pas d’interférence des IgEtot élevées mais possibles avec IgG. 
•  Etudes en faveur de l’ISAC : 

–  Améliore le diagnostic de l'allergie.  
–  Permet la gestion optimisée des SIT. 
–  Evalue la marche allergique et la sensibilisation dans les stades précliniques.  

WAO 
Etudes : performance ISAC 

CONSENSUS DOCUMENT Open Access

A WAO - ARIA - GA2LEN consensus document on
molecular-based allergy diagnostics
Giorgio Walter Canonica1*, Ignacio J Ansotegui2, Ruby Pawankar3, Peter Schmid-Grendelmeier4, Marianne van Hage5,
Carlos E Baena-Cagnani6, Giovanni Melioli7, Carlos Nunes8, Giovanni Passalacqua9, Lanny Rosenwasser10,
Hugh Sampson11, Joaquin Sastre12, Jean Bousquet13, Torsten Zuberbier14 and WAO-ARIA-GA2LEN Task Force:
Katrina Allen, Riccardo Asero, Barbara Bohle, Linda Cox, Frederic de Blay, Motohiro Ebisawa, Rene Maximiliano-Gomez,
Sandra Gonzalez-Diaz, Tari Haahtela, Stephen Holgate, Thilo Jakob, Mark Larche, Paolo Maria Matricardi,
John Oppenheimer, Lars K Poulsen, Harald E Renz, Nelson Rosario, Marc Rothenberg, Mario Sanchez-Borges,
Enrico Scala, Rudolf Valenta

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.
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ImmunoCAP ISAC 
Marche allergique 

•  Allergies des enfants peuvent ou non persister à l'âge adulte.  

•  Le panel de sensibilisation et l’évolution de l’allergie n’a pas encore été étudié.  
–  67 enfants (6 mois-18 ans). 
–  Comparaison à l'histoire, les TC, et symptômes (dermatite atopique, asthme, 

rhinoconjonctivite).  
–  ImmunoCAP ISAC 103.  
–  A 3,6,9,18 mois, à 6 ans et à 18 ans. 

Ø  Profils IgE uniques pour chaque enfant, en accord avec les TC et les diagnostics 
médicaux.  

RESEARCH Open Access

Exploring the temporal development of
childhood IgE profiles to allergen components
Annica Önell1, Lisbeth Hjälle2 and Magnus P Borres1,3,4*

Abstract

Background: Children often develop allergies that may or not persist into adulthood. Although the different
allergic symptoms over time have been well documented, the underlying pattern of sensitization to various
proteins and subsequent allergy development is unexplored.
The aim was to study the sensitization pattern to allergen components over time from infancy to adulthood in a
group of infants with heredity for allergic diseases.

Methods: IgE profiles were monitored in a group of 67 children from 6 months to 18 years using a microarray chip
(ImmunoCAPW ISAC) containing 103 allergen components derived from 47 allergen sources. The chip IgE profile
was compared with clinical history, skin prick test results and diagnoses (atopic dermatitis, asthma and allergic
rhinoconjunctivitis) at each time point for each child.

Results: IgE profiles were unique for each child and showed broad agreement with the results of skin prick tests
and doctors’ diagnoses. In addition, close examination of the IgE profiles often revealed early indication of
subsequent allergies. IgE profiles also facilitated the examination of cross-reactivity contra co-sensitization, thereby
greatly enhancing the possibility for managing patients.

Conclusion: This explorative description indicates that sensitization pattern to allergen components differs over
time as well as among allergic individuals when examined with microarray technology.

Keywords: Children, Atopic march, Specific IgE, ImmunoCAP ISAC, CRD, Allergen components

Introduction
Atopic disease is one of the most common chronic disor-
ders worldwide among both children and adults. The term
“atopic march” refers to the dynamic process of manifest-
ation, persistence, and remission of different atopic pheno-
types in the first two decades of life [1,2]. Atopic dermatitis
per se does not constitute a risk for asthma, but may do so
when associated with allergic sensitization [3]. Persistent
asthma is more likely in children with early sensitization to
indoor allergens and exposure.
Objective measurement of atopic status, including

quantification of markers of sensitization, is needed to
quantify asthma risk [3,4]. Recent research has identified
some useful indicators of potential allergy manifestation.
These indicators include family history of asthma and

allergies, early, multiple and severe sensitization to some
food- and aeroallergens, and early viral infections [3].
Quantitative measures of atopy, especially cumulative
titers of IgE to perennial inhalant allergens, provide
more robust assessments of atopy-associated risk than
simple binary classifications (such as sensitized or non-
sensitized). Consequently, developing methods that iden-
tify early sensitization to allergens will provide a critical
step in the management of allergy manifestation in chil-
dren. Today, a substantial proportion of children who
develop persistent asthma are not identified until their
disease has already consolidated, thus preventing any
potential benefits of early intervention.
Recent studies have shown that allergen microarray

chips are novel tools for high-resolution IgE profiling in
patients with atopic dermatitits [5,6], in adult multi-
sensitized patients with respiratory symptoms [7], and
leads to a more precise diagnosis of sensitization
[8-10]. The chip technology enables a simultaneous
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ImmunoCAP ISAC 
Marche allergique 

•  L’examen attentif des profils IgE facilite 
souvent l’interprétation des réactivités 
croisées, améliore la prise en charge. 

•  Apporte des informations jusque- là 
inconnues, pertinentes : 

–  Réactivités croisées, co-sensibilisation.  
Ø  Chez 8/10 enfants avec allergies alimentaires 

multiples et sensibilisation aux aéroallergènes,  
Ø  Chez 9/20 enfants multisensibilisés aux 

aéroallergènes.  
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dren. Today, a substantial proportion of children who
develop persistent asthma are not identified until their
disease has already consolidated, thus preventing any
potential benefits of early intervention.
Recent studies have shown that allergen microarray

chips are novel tools for high-resolution IgE profiling in
patients with atopic dermatitits [5,6], in adult multi-
sensitized patients with respiratory symptoms [7], and
leads to a more precise diagnosis of sensitization
[8-10]. The chip technology enables a simultaneous
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determination of specific IgE against multiple allergens,
using a minimal amount of serum [8,11]. Pediatric array
studies have shown that cross-reacting pollen allergens
are absent in the first years of life [12] and that multi-
sensitization towards certain furry animal components
are associated with increased bronchial inflammation in
severe asthmatic children [13].
The aim of this study was to describe explorative the

IgE profiles to allergen components in a group of infants
over time.

Methods
Study population
Pregnant women (n = 67) in Linköping, Sweden were
invited to participate [14]. The babies were classified
into two groups: double heredity (n = 46) and no family
history of atopic disease (n = 21). Double heredity was
defined as atopic disease either in both parents or in one
parent and one sibling.
A clinical examination was done, and a history was

obtained regarding symptoms of allergies at 3, 6, 9, and
18 months of age, [14] at 6 years of age [15] and at 18
years of age [16]. The physical examination focused on
symptoms of allergy. Venous blood was sampled, SPTs
were performed and questionnaires were used at each
occasion. In total, 64 children completed the study, out
of which 49 were venipunctured at the last checkup.
The study was approved by the regional ethics commit-
tee at Linköping University (# 03694).

Physical examination
Atopic dermatitis was defined as proposed by Hanifin
and Raijka [17] with the use of the modified criteria for
young infants [18] and according to the SCORAD index
[19]. For children under 18 years of age, asthma was
defined as three or more episodes of bronchial obstruc-
tion verified by a physician [20]. At 18 years of age,
asthma was defined according to the changes in the
spirometric results in the exercise provocation [16].
Allergic rhinoconjunctivitis was defined as rhinitis or

conjunctivitis appearing after exposure to a particular
allergen and without any infection. The diagnosis was
based on a history of relevant symptoms (itching in eyes
or nose, tearing, eye redness, runny nose, sneezing and
nasal obstruction) having occurred at least twice during
the previous two years.
The clinical diagnosis of atopic dermatitis, asthma, and

allergic rhinoconjunctivitis was made when children were
1.5, 6, and 18 years of age. The classification was based on
physical examination and questionnaires. SPTs were per-
formed with the following allergens; egg, milk, fish animal
epithelia, birch, timothy grass, mugwort, house dust mite,
Alternaria and Cladosporium described in detail elsewhere
[14-16].

Circulating IgE antibodies
Sera were analyzed using the ImmunoCAP ISAC 103
microarray chip, (Thermo Fisher Scientific, Vienna). It
contains 103 allergen components derived from 47 aller-
gen sources and used by allergy specialists and im-
munologists as a complement to other established diag-
nostic tests [21,22]. The testing procedure was carried
out according to the manufacturer's instructions for use.
The IgE results were reported in ISAC Standardized
Units (ISU). The ISAC measurement range is 0.3 – 100
ISU. For each individual a descriptive analysis of data
was carried out where each ISAC IgE response was com-
pared with the patient’s clinical history, doctor’s diagno-
sis, and SPT at each time point.

Results
Overall the clinical history and the ISAC IgE responses
were in broad agreement. Of 82 triggering allergens caus-
ing symptoms as defined by doctors diagnosis, 76 (93%)
were identified by the ISAC chip. An overview of the
sensitization profile in the study group is presented in
Figure 1. For each individual, sensitization to a given aller-
gen was compared with any clinical reaction at the same
or at a later time episode. For this purpose, a sensitization
to a given allergen was only counted once per individual.
Among the younger children, 6 to 18 months old, the top
3 most prevalent sensitizing allergen was hen’s egg (14%),
followed by cow’s milk (11%), and peanut (6%). The most
common egg components were Gal d 1 and 2 (n = 9). The
most common milk allergen was Bos d 8, which usually
occurred with concomitant sensitization to several other
milk components (n = 7). The 4 subjects with IgE anti-
bodies (hereafter, abs) to peanut components all revealed
concomitant sensitization to Ara h 1, 2, and 3. Among the
older children, 6 or 18 years old, the top 3 most prevalent

Figure 1 Number of children sensitized to different allergens.
White bars represent children with IgE abs observed at the same
time as symptoms were reported. Black bars represent children with
IgE abs observed at least one time episode (see Methods) prior to
any symptoms to the given allergen was reported.
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Une évaluation médicale complète par allergologue peut distinguer  
allergie et sensibilisation. 



•  Nombre de sensibilisations pour les composants croissants dans le temps, 
souvent parallèle aux taux d'IgE chez 19/22 enfants.  

•  Les IgEs généralement détectées avant les réactions cliniques. 

•  Point fort : longue période de suivi. 
•  Point faible : intervalles entre prélèvement trop longues. 

•  ISAC : outil prometteur pour le diagnostic de l'allergie chez les enfants multi-
sensibilisées avec l'asthme sévère et eczéma.  

•  Chaque enfant allergique développe sa propre « empreinte digitale de 
sensibilisation » au fil du temps.  

•  Avec ISAC, la gestion des patients aurait été différente pour certains des enfants 
de cette cohorte.  

ImmunoCAP ISAC 
Marche allergique 
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Abstract

Background: Children often develop allergies that may or not persist into adulthood. Although the different
allergic symptoms over time have been well documented, the underlying pattern of sensitization to various
proteins and subsequent allergy development is unexplored.
The aim was to study the sensitization pattern to allergen components over time from infancy to adulthood in a
group of infants with heredity for allergic diseases.

Methods: IgE profiles were monitored in a group of 67 children from 6 months to 18 years using a microarray chip
(ImmunoCAPW ISAC) containing 103 allergen components derived from 47 allergen sources. The chip IgE profile
was compared with clinical history, skin prick test results and diagnoses (atopic dermatitis, asthma and allergic
rhinoconjunctivitis) at each time point for each child.

Results: IgE profiles were unique for each child and showed broad agreement with the results of skin prick tests
and doctors’ diagnoses. In addition, close examination of the IgE profiles often revealed early indication of
subsequent allergies. IgE profiles also facilitated the examination of cross-reactivity contra co-sensitization, thereby
greatly enhancing the possibility for managing patients.

Conclusion: This explorative description indicates that sensitization pattern to allergen components differs over
time as well as among allergic individuals when examined with microarray technology.

Keywords: Children, Atopic march, Specific IgE, ImmunoCAP ISAC, CRD, Allergen components

Introduction
Atopic disease is one of the most common chronic disor-
ders worldwide among both children and adults. The term
“atopic march” refers to the dynamic process of manifest-
ation, persistence, and remission of different atopic pheno-
types in the first two decades of life [1,2]. Atopic dermatitis
per se does not constitute a risk for asthma, but may do so
when associated with allergic sensitization [3]. Persistent
asthma is more likely in children with early sensitization to
indoor allergens and exposure.
Objective measurement of atopic status, including

quantification of markers of sensitization, is needed to
quantify asthma risk [3,4]. Recent research has identified
some useful indicators of potential allergy manifestation.
These indicators include family history of asthma and

allergies, early, multiple and severe sensitization to some
food- and aeroallergens, and early viral infections [3].
Quantitative measures of atopy, especially cumulative
titers of IgE to perennial inhalant allergens, provide
more robust assessments of atopy-associated risk than
simple binary classifications (such as sensitized or non-
sensitized). Consequently, developing methods that iden-
tify early sensitization to allergens will provide a critical
step in the management of allergy manifestation in chil-
dren. Today, a substantial proportion of children who
develop persistent asthma are not identified until their
disease has already consolidated, thus preventing any
potential benefits of early intervention.
Recent studies have shown that allergen microarray

chips are novel tools for high-resolution IgE profiling in
patients with atopic dermatitits [5,6], in adult multi-
sensitized patients with respiratory symptoms [7], and
leads to a more precise diagnosis of sensitization
[8-10]. The chip technology enables a simultaneous

* Correspondence: magnus.borres@thermofisher.com
1Phadia AB now Thermo Fisher Scientific, Uppsala, Sweden
3Astrid Lindgren Children’s Hospital, Karolinska University Hospital,
Stockholm, Sweden
Full list of author information is available at the end of the article

© 2012 Önell 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.

Önell et al. Clinical and Translational Allergy 2012, 2:24
http://www.ctajournal.com/content/2/1/24

RESEARCH Open Access

Exploring the temporal development of
childhood IgE profiles to allergen components
Annica Önell1, Lisbeth Hjälle2 and Magnus P Borres1,3,4*

Abstract

Background: Children often develop allergies that may or not persist into adulthood. Although the different
allergic symptoms over time have been well documented, the underlying pattern of sensitization to various
proteins and subsequent allergy development is unexplored.
The aim was to study the sensitization pattern to allergen components over time from infancy to adulthood in a
group of infants with heredity for allergic diseases.

Methods: IgE profiles were monitored in a group of 67 children from 6 months to 18 years using a microarray chip
(ImmunoCAPW ISAC) containing 103 allergen components derived from 47 allergen sources. The chip IgE profile
was compared with clinical history, skin prick test results and diagnoses (atopic dermatitis, asthma and allergic
rhinoconjunctivitis) at each time point for each child.

Results: IgE profiles were unique for each child and showed broad agreement with the results of skin prick tests
and doctors’ diagnoses. In addition, close examination of the IgE profiles often revealed early indication of
subsequent allergies. IgE profiles also facilitated the examination of cross-reactivity contra co-sensitization, thereby
greatly enhancing the possibility for managing patients.

Conclusion: This explorative description indicates that sensitization pattern to allergen components differs over
time as well as among allergic individuals when examined with microarray technology.

Keywords: Children, Atopic march, Specific IgE, ImmunoCAP ISAC, CRD, Allergen components

Introduction
Atopic disease is one of the most common chronic disor-
ders worldwide among both children and adults. The term
“atopic march” refers to the dynamic process of manifest-
ation, persistence, and remission of different atopic pheno-
types in the first two decades of life [1,2]. Atopic dermatitis
per se does not constitute a risk for asthma, but may do so
when associated with allergic sensitization [3]. Persistent
asthma is more likely in children with early sensitization to
indoor allergens and exposure.
Objective measurement of atopic status, including

quantification of markers of sensitization, is needed to
quantify asthma risk [3,4]. Recent research has identified
some useful indicators of potential allergy manifestation.
These indicators include family history of asthma and

allergies, early, multiple and severe sensitization to some
food- and aeroallergens, and early viral infections [3].
Quantitative measures of atopy, especially cumulative
titers of IgE to perennial inhalant allergens, provide
more robust assessments of atopy-associated risk than
simple binary classifications (such as sensitized or non-
sensitized). Consequently, developing methods that iden-
tify early sensitization to allergens will provide a critical
step in the management of allergy manifestation in chil-
dren. Today, a substantial proportion of children who
develop persistent asthma are not identified until their
disease has already consolidated, thus preventing any
potential benefits of early intervention.
Recent studies have shown that allergen microarray

chips are novel tools for high-resolution IgE profiling in
patients with atopic dermatitits [5,6], in adult multi-
sensitized patients with respiratory symptoms [7], and
leads to a more precise diagnosis of sensitization
[8-10]. The chip technology enables a simultaneous

* Correspondence: magnus.borres@thermofisher.com
1Phadia AB now Thermo Fisher Scientific, Uppsala, Sweden
3Astrid Lindgren Children’s Hospital, Karolinska University Hospital,
Stockholm, Sweden
Full list of author information is available at the end of the article

© 2012 Önell 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.

Önell et al. Clinical and Translational Allergy 2012, 2:24
http://www.ctajournal.com/content/2/1/24



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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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.
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•  Comment choisir quelle technique ? 
–  Considérer le nombre d'allergènes à tester, évaluer le prix (selon prix local et système de 

remboursement),  
–  Si > 10 à 12 allergènes, multiplexe peut-être préférable. 

WAO 
MA  :  Points forts/faibles  
des techniques 

CONSENSUS DOCUMENT Open Access

A WAO - ARIA - GA2LEN consensus document on
molecular-based allergy diagnostics
Giorgio Walter Canonica1*, Ignacio J Ansotegui2, Ruby Pawankar3, Peter Schmid-Grendelmeier4, Marianne van Hage5,
Carlos E Baena-Cagnani6, Giovanni Melioli7, Carlos Nunes8, Giovanni Passalacqua9, Lanny Rosenwasser10,
Hugh Sampson11, Joaquin Sastre12, Jean Bousquet13, Torsten Zuberbier14 and WAO-ARIA-GA2LEN Task Force:
Katrina Allen, Riccardo Asero, Barbara Bohle, Linda Cox, Frederic de Blay, Motohiro Ebisawa, Rene Maximiliano-Gomez,
Sandra Gonzalez-Diaz, Tari Haahtela, Stephen Holgate, Thilo Jakob, Mark Larche, Paolo Maria Matricardi,
John Oppenheimer, Lars K Poulsen, Harald E Renz, Nelson Rosario, Marc Rothenberg, Mario Sanchez-Borges,
Enrico Scala, Rudolf Valenta

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

journal

© 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.

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

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

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.

Table 3 Advantages and disadvantages of ISAC, immunoCAP, and skin prick tests
Advantages Disadvantages

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

• 112 allergens can be assayed in parallel • Semi-quantitative assay

• Natural and recombinants proteins • Less sensitive

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

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

• No interference from very high total IgE • Greater coefficient of variation

• Some allergen sources are not included

• Less appropriate for monitoring sensitization

• Potential interference between IgE and other isotypes,
principally IgG

ImmunoCAP • Automatic method • 40 μl of serum per allergen

• Quantitative assay • One allergen per assay

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

• Lower coefficient of variation

• Natural or recombinants proteins or crude extracts

• Appropriate for monitoring sensitization

Skin prick test • High sensitivity (extract-dependent) • Manual

• Immediate reading • One allergen per prick

• Only crude extracts

• Not appropriate for monitoring sensitization
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Multiplex versus Singleplex 

Fig. 1 (continued) 
 

               
              
Figure 1. (continued) D) IgE reactivity of patient A to nitrocellulose-dotted allergens. E) Skin prick test with purified 
allergens (application order as in d) for patient A. H2Odd and histamine were applied to fields H5 and H6, respectively. 
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Figure 1. Allergen microarray. A) Scheme of environmental allergens (1-93), an autoallergen (94), and human serum 
albumin (negative control: 95), which were microarrayed as triplicates and numbered as in Table 1. Allergens reactive 
with serum IgE of a representative patient (patient A in Table 2) (B) were boxed in gray and denoted with black numbers. 
Triplicates of buffer dots (x) and labeled anti-IgE (yellow dot) were spotted as negative and positive controls, 
respectively. B, C) Scan images obtained with serum of an allergic (B) and a nonallergic (C) individual.  
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•  L'interprétation peut être difficile, même pour l'utilisateur expérimenté.  
•  Pertinence clinique des différents allergènes.  
•  Corréler à des tests de diagnostic traditionnels et à l'histoire clinique du patient.  
•  Les résultats de l'ISAC pour certaines sources d'allergènes (noix de cajou, sésame, armoise...) peut être négatifs, 

même si l'extrait est positif si l'allergène déclencheur n'est pas présent sur la puce.  

! 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

Figure 1 ISAC Interpretation flow chart.
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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.
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•  Economiquement, + intéressant d’utiliser des TC et faire MA que de ne faire 
aucun test et de se baser juste sur l’anamnèse clinique.  

•  MA permet de restreindre les évictions alimentaires. 
•  Peu de sérum (pédiatrique). 

•  Fournit des sensibilités imprévues. 
•  Des programmes d'éducation sur l'utilisation et l'interprétation de MA sont 

nécessaires. 
•  L'utilité clinique de la plupart des molécules allergènes doit être approfondie.  

WAO 
Stratégie pour évaluer un ISAC 

CONSENSUS DOCUMENT Open Access

A WAO - ARIA - GA2LEN consensus document on
molecular-based allergy diagnostics
Giorgio Walter Canonica1*, Ignacio J Ansotegui2, Ruby Pawankar3, Peter Schmid-Grendelmeier4, Marianne van Hage5,
Carlos E Baena-Cagnani6, Giovanni Melioli7, Carlos Nunes8, Giovanni Passalacqua9, Lanny Rosenwasser10,
Hugh Sampson11, Joaquin Sastre12, Jean Bousquet13, Torsten Zuberbier14 and WAO-ARIA-GA2LEN Task Force:
Katrina Allen, Riccardo Asero, Barbara Bohle, Linda Cox, Frederic de Blay, Motohiro Ebisawa, Rene Maximiliano-Gomez,
Sandra Gonzalez-Diaz, Tari Haahtela, Stephen Holgate, Thilo Jakob, Mark Larche, Paolo Maria Matricardi,
John Oppenheimer, Lars K Poulsen, Harald E Renz, Nelson Rosario, Marc Rothenberg, Mario Sanchez-Borges,
Enrico Scala, Rudolf Valenta

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

journal

© 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.

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



Multiplexes  
Réflexions diagnostiques 

1.  Les allergènes peuvent être obtenus à partir de toutes les sources allergéniques 
2.  Spotting en triple augmente la robustesse de la biopuce  
3.  Aucune limite sur le nombre de molécules qui peuvent être placées sur la biopuce 
4.  Panel exhaustif et représentatif 
5.  Allergènes purifiés et recombinants naturels  
6.  Allergènes combinés de la même source allergénique miment la réalité 
7.  La sensibilité et la spécificité définies grâce aux singleplex  
8.  Cartographie et la surveillance de la sensibilisation aux allergènes en utilisant le 

même outil standard dans le monde entier 
9.  Dépistage d’allergie en évitant tout risque de sensibilisation 
10. Faible quantité de sérum nécessaire  
11. Même panel indépendamment de l'âge du patient 
12. Utile pour la détection d'autres immunoglobulines spécifiques (par exemple , IgG, IgA , 

IgG4 ) 
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Abstract IgE-mediated allergic diseases are among the
most prevalent diseases worldwide. The use of extracts in
the skin test and the additional use of IgE testing still
represent the current basis for the diagnostic work-up.
During the past 30 years, knowledge of the molecular
structure of allergens has increased dramatically, and the
characterization and production of allergenic molecules, as
natural purified compounds or recombinant products, is
allowing us to approach the allergy diagnostic work-up
differently. Much of this is based on the adoption of
microtechnology since the first release of a biochip for IgE
detection. Its use has prompted the development of new
concepts linked to the diagnosis of allergic diseases. This
review describes the background of allergy diagnosis and
the tools currently used for specific IgE detection. It gives
insight into the most recent advancement in the field of
biotechnology leading to allergenic molecule availability,
microtechnology leading to the routine use of protein
biochips for IgE detection, and how they should be
combined with information technology.
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Introduction

The overall allergic disease picture is not shared by any
other disease in the general population. It affects all ages

and both genders to almost the same extent and is globally
distributed, competing in prevalence with infective- and
parasite-related diseases. Epidemiologic and diagnostic
reports on allergy-related symptoms come from all
countries, developed or developing. This holds true for
asthma-related symptoms as well as for rhinoconjunctivitis
or eczema. Pathogenic mechanisms, which can be immu-
nologic or not, are the leading cause of clinical diseases
such as asthma, urticaria, rhinitis, eczema, conjunctivitis,
and anaphylaxis [1]. When an immunologic mechanism is
suspected, IgE plays a fundamental role in the immunopa-
thogenesis of the allergic disease [2]. In most cases, the
IgE-mediated mechanism is the only mechanism involved.
Thus, the first step in allergy diagnosis is to identify any
allergen-specific IgE and to define whether it is related to
the current disease or not.

This review describes established tools used for specific
IgE detection and compares them with the most recent
application of allergenic molecules and microtechnologies
to IgE-mediated allergic diseases.

Current Tools: Skin Test and IgE Singleplex
Detection Systems

Identification of the triggering allergenic sources is the
basis for allergy diagnosis. The research on organisms and
their tissues releasing allergenic compounds dates back
more than 100 years and is still ongoing. Allergome, a
Web-based platform (http://www.allergome.org) collecting
information from international scientific literature, currently
lists 1739 organisms and tissues from which allergenic
molecules are released. Allergenic extracts, obtained from
allergenic organisms or from one or more of their tissues,
are applied in vivo to patients to stimulate an allergic
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•  Aucune étude : le coût du diagnostic des allergies avec emploi de la puce ? 
•  Le coût du test est déterminé par la très faible quantité d’allergènes.  
•  Aucune augmentation du coût de fabrication de l'ISAC entre 2006-2010, malgré 

30% de molécules en +.  
•  Raisonnable de supposer que le coût resterait stable ou pourrait diminuer.  
•  Biopuces concurrence aux TC ?  

–  Réduit le nombre d'étapes avant d'atteindre le diagnostic final.  
–  Les coûts indirects de diagnostic de l'allergie pourraient être réduits. 

•  Plusieurs critiques : 
–  le coût du système,  
–  le manque d’automatisation,  
–  le risque de détecter un très grand nombre de sensibilisations sans symptômes réels,  
–  mélange d’allergènes indésirables,  
–  tous les allergènes sources / molécules ne sont représentées. 
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Multiplexes  
Réflexions économiques 



•  Diagnostic de l'allergie basé sur la détection d'une interaction protéine/protéine 
impliquant l'allergène et l’IgE reconnaissant spécifiquement l'allergène.  

•  Systèmes disponibles appliquent systématiquement les mêmes conditions 
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A BST R A C T : A llergic diseases are important concern of 
public health. A reliable diagnosis is of utmost importance 
for the management of allergic patients both when 
immunotherapy is planned and when the treatment is 
essentially based on the avoidance of the allergy source. 
However , the available diagnostic systems sometimes fail to 
detect specific IgE antibodies thus impairing the cor rect 
diagnosis. The traditional test systems are generally based on 
the use of protein extracts derived from the allergenic 
sources whose composition is very variable and cannot be 
standardized. The development of a new methodology 
combining the so-called allergenic molecule-based diagnosis 
with the multiplex microar ray technology and allowing the 
analysis of multiple purified allergens in a single test 
represents an important improvement in allergy diagnosis. 
In addition, the biochemical and immunological 
characterisation of individual allergens has provided new 
insights into the understanding of allergen-IgE recognition 
that could be exploited for further improvements of allergy 
diagnostic tests. 
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INTRODUCTION 

The prevalence of allergic diseases, affecting both 
children and adults, is reported to be on the rise and these 
pathologies are no longer confined to specific seasons, or 
to people living in specific areas [1-5]. It has been 
estimated that 25% of the population worldwide suffer 
from this problem, and within this number 1-2% of adults 
and 5-7% of children suffer from food allergies [6]. The 
causes of the epidemic spread of reported allergies are still 
unclear and may be due to a combination of different 
factors. Various hypotheses have been made associating 
such an increase to an increased hygiene levels (the so-

, to a genetic proneness, to 
the increasing use of products deriving from industrial 
food-processing and to other unknown reasons [5,7-10].  

The effect of globalization is also included in the list 
of causes that seem to play a key role in the spread of 
allergic reactions. In fact, not only populations migrate but 
also foods. A classic example is the allergy to kiwifruit. 
Some decades ago, this allergy was absent in geographical 

areas such as Europe and USA because no one ever ate 
kiwifruit at that time. Now many people eat this fruit and 
lots of kiwifruit allergies have been described [11]. These 
aspects may strongly affect the widespread proliferation of 
food allergies. 

It is actually very difficult to have exact 
epidemiological data on this topic. In addition, a 
discrepancy between the rates of perceived food allergy 
and the rates of true allergy has been observed. In fact, 
literature reports state that people have a perception of 
food allergy even four times higher than that confirmed by 
available allergy tests [11]. A possible explanation is that 
people sometimes confuse allergy with intolerance (due to 
metabolic conditions, such as lactose intolerance, or other 
immunological mechanisms as in coeliac disease) or with 
mild food poisoning [12-13]. Some discrepancies could 
also be due to some false results provided by the available 
diagnostic systems. In fact, depending on the methodology 
and reagents used, in vitro serological tests (RAST, 
ImmunoCAP) and in vivo tests (skin prick test (SPT), 
prick-by-prick test) sometimes can provide false negative 
responses [14]. In some cases, it seems that the only way 
to assess the allergy to a food is by feeding/challenging 
the patient with the suspected food. However, this practice 
is risky mostly when applied to subjects reporting severe 
allergic reactions. Therefore, to obtain a reliable and safe 
diagnosis it seems mandatory to improve in vitro or ex 
vivo allergy diagnostic systems [15]. 

THE ALLERGIC REACTION 

An allergic reaction is an abnormal response of the 
human body when in contact with an allergen. The most 
common allergen sources of protein nature include house 
dust mite, pollens from grasses, weeds and trees, animal 
dander (including cat, dog and horse), moulds, foods 
(including tree nuts, peanuts, shellfish, fish, milk, eggs, 
wheat, fruits), hymenoptera venoms, and latex. When a 
sensitive subject is exposed to the allergy source a type of 
white blood cells (B lymphocytes) produce a specific 
antibody known as Immunoglobulin E (IgE) against the 
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•  Système de cartouche microfluidique.  
•  Avantages : 

–  Entièrement automatisé. 
–  Diminution de la durée du test. 
–  Faible volume d'échantillon.  
–  Allergènes testés simultanément.  
–  Corrélé à la technologie de CAP. 

Determination of multiple allergen-specific
IgE by microfluidic immunoassay cartridge in
clinical settings

Allergic diseases such as asthma, allergic rhino-
conjunctivitis, and atopic eczema, as well as
other immediate-type allergies, are characterized
by an increase in circulating allergen-specific IgE
(sIgE) antibodies (1). The prevalence of IgE-
mediated allergic diseases has increased dramat-
ically in industrialized as well as in developing
countries (2). This increase has created a greater
need for early diagnosis to direct early interven-
tion that may prevent disease progression and
the development of chronic illness (3–5).
In the clinical setting, the mainstay of diag-

nosing allergy is obtaining patients! detailed

histories which give important information about
the type of allergen eliciting the diseases and the
symptom severity (6). Previously, the routine
diagnostic procedures in clinical practice con-
sisted of in vivo tests (skin prick and/or intra-
dermal tests, SPTs) and are confirmed by in vitro
measurements of allergen-specific immunoglobulin
E (sIgE) against natural allergen extracts (6).
For over 30 yr of development, in vitro testing of
sIgE has more benefit to patients and clinicians
alike as an alternative to invasive skin prick
testing (6–8). It has been demonstrated in
primary care that the determination of specific
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Our aims were to evaluate the performance of an automated micro-
fluidic immunoassay system for measuring allergen-specific IgE (sIgE)
in sera against an established in vitro assay and to assess the system!s
diagnostic accuracy against objective clinical criteria for identifying
sensitization to specific allergens in daily practice of allergy clinics.
Using both the automated microfluidic-based immunoassay system
(BioIC") and ImmunoCAP", we measured sIgE in serum samples
from 212 children who visited allergic clinics in two medical centers.
Outcomes of skin prick tests (SPT) served as the clinical comparison
method. The assay results of targeted allergen of BioIC have a good
correlation with ImmunoCAP in the diagnosis of allergen sensitivity by
patients! clinical history. When comparing the test results of the sIgE
against overall allergens, in either two tests among the three assays
performed showed high percentage of agreement between BioIC and
ImmunoCAP (77.8%, 95% CI: 72–83.3%) but not with SPT (BioIC
64.9%, 95% CI: 58–72%; ImmunoCAP 67.5%, 95% CI: 61–74%).
Using ROC analysis and SPT as quasi-standard, BioIC and Immuno-
CAP have nearly the same performance of sensitivity and specificity in
the confirmation of SPT results. The total and within one-class agree-
ments of each allergen test result between BioIC and ImmunoCAP
ranged between 55.2% and 99.5% with an overall average of 80.9%.
Laboratory testing for sIgE can be performed on a fully automated,
microfluidic cartridge system with advantages of low sample volume,
simultaneously tested allergens, and with diagnostic accuracy for rep-
resentative allergens equivalent to the semi-automated CAP technology.
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Avantages de BioIC 



•  Cartouche microfluidique pour l'analyse automatisée des IgEs contre plusieurs extraits 
d'allergènes.  

•  Dosage immunologique par chimio-luminescence, ELISA, 2 étapes, 32°C.  
•  Canaux de distribution de réactif, pompage réactifs (lavage, sérum, conjugué, substrat)

provenant de réservoirs de stockage individuels vers une zone de réaction commune où 
les extraits d'allergènes sont immobilisés. 

•  90 µL de plasma ou de sérum non dilué. 
–  + 450 µL de tampon de lavage, 120 µL de substrat pré-mélangé et 120 µL d'une dilution 1:1000 de HRP  

•  La cartouche est insérée dans l’instrument BioIC (automatisé). 
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Microfluidic array  
Lab-on-a-chip, BioIC 
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clinical settings

Allergic diseases such as asthma, allergic rhino-
conjunctivitis, and atopic eczema, as well as
other immediate-type allergies, are characterized
by an increase in circulating allergen-specific IgE
(sIgE) antibodies (1). The prevalence of IgE-
mediated allergic diseases has increased dramat-
ically in industrialized as well as in developing
countries (2). This increase has created a greater
need for early diagnosis to direct early interven-
tion that may prevent disease progression and
the development of chronic illness (3–5).
In the clinical setting, the mainstay of diag-

nosing allergy is obtaining patients! detailed

histories which give important information about
the type of allergen eliciting the diseases and the
symptom severity (6). Previously, the routine
diagnostic procedures in clinical practice con-
sisted of in vivo tests (skin prick and/or intra-
dermal tests, SPTs) and are confirmed by in vitro
measurements of allergen-specific immunoglobulin
E (sIgE) against natural allergen extracts (6).
For over 30 yr of development, in vitro testing of
sIgE has more benefit to patients and clinicians
alike as an alternative to invasive skin prick
testing (6–8). It has been demonstrated in
primary care that the determination of specific
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Our aims were to evaluate the performance of an automated micro-
fluidic immunoassay system for measuring allergen-specific IgE (sIgE)
in sera against an established in vitro assay and to assess the system!s
diagnostic accuracy against objective clinical criteria for identifying
sensitization to specific allergens in daily practice of allergy clinics.
Using both the automated microfluidic-based immunoassay system
(BioIC") and ImmunoCAP", we measured sIgE in serum samples
from 212 children who visited allergic clinics in two medical centers.
Outcomes of skin prick tests (SPT) served as the clinical comparison
method. The assay results of targeted allergen of BioIC have a good
correlation with ImmunoCAP in the diagnosis of allergen sensitivity by
patients! clinical history. When comparing the test results of the sIgE
against overall allergens, in either two tests among the three assays
performed showed high percentage of agreement between BioIC and
ImmunoCAP (77.8%, 95% CI: 72–83.3%) but not with SPT (BioIC
64.9%, 95% CI: 58–72%; ImmunoCAP 67.5%, 95% CI: 61–74%).
Using ROC analysis and SPT as quasi-standard, BioIC and Immuno-
CAP have nearly the same performance of sensitivity and specificity in
the confirmation of SPT results. The total and within one-class agree-
ments of each allergen test result between BioIC and ImmunoCAP
ranged between 55.2% and 99.5% with an overall average of 80.9%.
Laboratory testing for sIgE can be performed on a fully automated,
microfluidic cartridge system with advantages of low sample volume,
simultaneously tested allergens, and with diagnostic accuracy for rep-
resentative allergens equivalent to the semi-automated CAP technology.
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•  +/- 30 min (10 cartouches en 60-75 min).  
•  Signaux de chimio-luminescence scannés via caméra CCD.  
•  Courbe de dilution en série, contrôles négatifs immobilisés dans une 

zone de réaction.  
•  Test en QUADRUPLE.  

–  Intensités cibles calculées en éliminant la valeurs la plus éloignée R/° 
à la moyenne, 

–  Moyenne des trois valeurs restantes dont on soustrait l'intensité de 
contrôle négatif.  

•  Résultats semi-quantitatifs en unités arbitraires (UA). 
•  Réaction dans conditions dynamiques plutôt que statiques.  
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(sIgE) antibodies (1). The prevalence of IgE-
mediated allergic diseases has increased dramat-
ically in industrialized as well as in developing
countries (2). This increase has created a greater
need for early diagnosis to direct early interven-
tion that may prevent disease progression and
the development of chronic illness (3–5).
In the clinical setting, the mainstay of diag-
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histories which give important information about
the type of allergen eliciting the diseases and the
symptom severity (6). Previously, the routine
diagnostic procedures in clinical practice con-
sisted of in vivo tests (skin prick and/or intra-
dermal tests, SPTs) and are confirmed by in vitro
measurements of allergen-specific immunoglobulin
E (sIgE) against natural allergen extracts (6).
For over 30 yr of development, in vitro testing of
sIgE has more benefit to patients and clinicians
alike as an alternative to invasive skin prick
testing (6–8). It has been demonstrated in
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Our aims were to evaluate the performance of an automated micro-
fluidic immunoassay system for measuring allergen-specific IgE (sIgE)
in sera against an established in vitro assay and to assess the system!s
diagnostic accuracy against objective clinical criteria for identifying
sensitization to specific allergens in daily practice of allergy clinics.
Using both the automated microfluidic-based immunoassay system
(BioIC") and ImmunoCAP", we measured sIgE in serum samples
from 212 children who visited allergic clinics in two medical centers.
Outcomes of skin prick tests (SPT) served as the clinical comparison
method. The assay results of targeted allergen of BioIC have a good
correlation with ImmunoCAP in the diagnosis of allergen sensitivity by
patients! clinical history. When comparing the test results of the sIgE
against overall allergens, in either two tests among the three assays
performed showed high percentage of agreement between BioIC and
ImmunoCAP (77.8%, 95% CI: 72–83.3%) but not with SPT (BioIC
64.9%, 95% CI: 58–72%; ImmunoCAP 67.5%, 95% CI: 61–74%).
Using ROC analysis and SPT as quasi-standard, BioIC and Immuno-
CAP have nearly the same performance of sensitivity and specificity in
the confirmation of SPT results. The total and within one-class agree-
ments of each allergen test result between BioIC and ImmunoCAP
ranged between 55.2% and 99.5% with an overall average of 80.9%.
Laboratory testing for sIgE can be performed on a fully automated,
microfluidic cartridge system with advantages of low sample volume,
simultaneously tested allergens, and with diagnostic accuracy for rep-
resentative allergens equivalent to the semi-automated CAP technology.
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sensitization to specific allergens in daily practice of allergy clinics.
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correlation with ImmunoCAP in the diagnosis of allergen sensitivity by
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ü  Titre des IgE faible.  
ü  Présence d’IgE et d’IgG. 

Ø  Compétition possible pour les allergènes !! 
•  La plupart des épitopes IgE sont de type conformationnel. 

–  Maintien de la structure native des allergènes.   
 
 

•  Incubation dans des conditions « statiques » et temps d’incubation ?? 
–  Signaux +élevés  si temps d'incubation de 2h.  
–  Le panel des IgEs positifs affecté par le temps d'incubation : signaux + élevés pour 

de + longues incubations. 
Ø  Dans des conditions « statiques », des temps relativement longs sont nécessaires 

pour obtenir le maximum de sensibilité dans la détection d’IgEs. 
 

ü Accélération de la diffusion des cibles sur leur site de liaison à 
l'intérieur d’une micro-cellule (test dit microfluidique).  
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Detection of allergen specific immunoglobulins
by microarrays coupled to microfluidics
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Allergen microarrays are under development for a component-resolved diagnosis of Type I (IgE-
mediated) allergies. Here we report an improved microarray coupled to microfluidics for the
detection of allergen specific immunoglobulin E (IgE). The signal intensity for IgE detection in
serum has been improved by using glass slides coated with a novel poly[DMA-co-NAS] brush
copolymer which is able to immobilize allergens in their native conformation and by carrying out
the incubation step in dynamic conditions. The assay, fully automated, was performed in a
microcell, using a software-controlled fluidic processor, to bring assay reagents on the surface of
the array. Microfluidics turns the binding between serum immunoglobulins and immobilized
allergens from a diffusion-limited to a kinetic-limited process by ensuring an efficient mixing of
serum samples on the surface of the microarray. As a result of this, the binding of high affinity
IgE antibodies is enhanced whereas that of low affinity IgG antibodies, which are present at
higher concentration, is impaired paving the way to more accurate and sensitive results.
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1 Introduction

Clinical manifestation of an allergic disease requires several
sequential steps: exposure to an allergen, allergen specific
IgE synthesis, binding of allergen-specific IgE onto the IgE-
receptor on the surface of mast cells and basophils, re-expo-
sure to the same or homologous allergen, cross-linking of
membrane-bound IgE, cell activation and mediator secre-
tion, with subsequent effects on end-organs such as blood

vessels, bronchial smooth muscles, the gastrointestinal tract
or the skin [1]. Accordingly, allergen-specific IgE is the mo-
lecular entity which determines the patient’s allergy and thus
it is a major cornerstone of a specific allergy diagnosis.

Various immunoassays using crude allergen extracts
such as ELISA, Radio Allergo Sorbent Test (RAST) and high-
capacity solid phase test, e.g. the ImmunoCAP-system, are
currently in use for serological in vitro testing for specific IgE
detection [2]. However, these tests are time-consuming and
expensive, they require large quantities of serum sample and
often use poorly characterized preparations of allergen
extracts. Moreover, these conventional assays do not provide
the throughput to screen for all the known allergens which
are estimated to exceed 300 [2]. Due to low serum volume
consumption, high-throughput capacity and flexibility, pro-
tein microarrays are becoming important tools for the deter-
mination of allergen-specific IgE [3]. The principle of the
allergen microarrays is an immunoassay consisting of
recombinant allergens spotted and immobilized on
functionalized microarray slides as the capture agents. The
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•  212 sérums d’enfants allergiques, 3-18 ans, 40 patients contrôles :  
–  Evaluer la pertinence clinique.  
–  Comparaison avec CAP, l’anamnèse clinique et les TC (normes EAACI). 

•  Sensibilité et spécificité identiques aux CAP.  
•  Corrélation des BioIC, TC et ImmunoCAP bonne par rapport à la clinique.  

–  BONNE corrélation pour les allergènes respiratoires et alimentaires entre BioIC et 
ImmunoCAP (77,8 %, IC 95%). 

–  MAUVAISE corrélation pour les allergènes respiratoires avec TC (BioIC 64,9%, IC 
95%).  

•  En utilisant le système de classe semi-quantitative : 
–  Corrélation entre BioIC et CAP entre 55,2% et 99,5 % , moyenne générale 80,9 %.  

•  Dans l'ensemble, efficacité de la technologie. 
•  Panel d’allergènes figé. 
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clinical settings

Allergic diseases such as asthma, allergic rhino-
conjunctivitis, and atopic eczema, as well as
other immediate-type allergies, are characterized
by an increase in circulating allergen-specific IgE
(sIgE) antibodies (1). The prevalence of IgE-
mediated allergic diseases has increased dramat-
ically in industrialized as well as in developing
countries (2). This increase has created a greater
need for early diagnosis to direct early interven-
tion that may prevent disease progression and
the development of chronic illness (3–5).
In the clinical setting, the mainstay of diag-

nosing allergy is obtaining patients! detailed

histories which give important information about
the type of allergen eliciting the diseases and the
symptom severity (6). Previously, the routine
diagnostic procedures in clinical practice con-
sisted of in vivo tests (skin prick and/or intra-
dermal tests, SPTs) and are confirmed by in vitro
measurements of allergen-specific immunoglobulin
E (sIgE) against natural allergen extracts (6).
For over 30 yr of development, in vitro testing of
sIgE has more benefit to patients and clinicians
alike as an alternative to invasive skin prick
testing (6–8). It has been demonstrated in
primary care that the determination of specific
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Our aims were to evaluate the performance of an automated micro-
fluidic immunoassay system for measuring allergen-specific IgE (sIgE)
in sera against an established in vitro assay and to assess the system!s
diagnostic accuracy against objective clinical criteria for identifying
sensitization to specific allergens in daily practice of allergy clinics.
Using both the automated microfluidic-based immunoassay system
(BioIC") and ImmunoCAP", we measured sIgE in serum samples
from 212 children who visited allergic clinics in two medical centers.
Outcomes of skin prick tests (SPT) served as the clinical comparison
method. The assay results of targeted allergen of BioIC have a good
correlation with ImmunoCAP in the diagnosis of allergen sensitivity by
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performed showed high percentage of agreement between BioIC and
ImmunoCAP (77.8%, 95% CI: 72–83.3%) but not with SPT (BioIC
64.9%, 95% CI: 58–72%; ImmunoCAP 67.5%, 95% CI: 61–74%).
Using ROC analysis and SPT as quasi-standard, BioIC and Immuno-
CAP have nearly the same performance of sensitivity and specificity in
the confirmation of SPT results. The total and within one-class agree-
ments of each allergen test result between BioIC and ImmunoCAP
ranged between 55.2% and 99.5% with an overall average of 80.9%.
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microfluidic cartridge system with advantages of low sample volume,
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resentative allergens equivalent to the semi-automated CAP technology.
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•  Un substrat gravé en PDMS (taille d'une lame de microscopie), moulé sur de la silice 
avec une chambre d'incubation centrale (largeur=500µm, profondeur=100µm) relié à 
une entrée et une sortie. 

•  Micro-cellule gravée placée sur la surface d'une petite lame en polymère 
enduite préalablement avec un panel d’allergènes.  

–  Panel d’allergènes figé. 

•  Une chambre de micro-incubation est formée par le serrage du PDMS et la lame 
de verre dans un support en polycarbonate, relié à une vanne et à une pompe.  

•  Logiciel de contrôle fluidique (débit) : les réactifs nécessaires introduits de 
manière séquentielle dans la micro-cellule (échantillons, lavage...)  

•  Incubation avec l'échantillon de sérum avec un écoulement d’avant en arrière 
(vitesse 1µl/sec) pendant 10 min.  

–  flux alternés : réduire la consommation de l'échantillon (25 mL dilué à 50 ml avec le tampon 
d'incubation) 
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copolymer which is able to immobilize allergens in their native conformation and by carrying out
the incubation step in dynamic conditions. The assay, fully automated, was performed in a
microcell, using a software-controlled fluidic processor, to bring assay reagents on the surface of
the array. Microfluidics turns the binding between serum immunoglobulins and immobilized
allergens from a diffusion-limited to a kinetic-limited process by ensuring an efficient mixing of
serum samples on the surface of the microarray. As a result of this, the binding of high affinity
IgE antibodies is enhanced whereas that of low affinity IgG antibodies, which are present at
higher concentration, is impaired paving the way to more accurate and sensitive results.
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1 Introduction

Clinical manifestation of an allergic disease requires several
sequential steps: exposure to an allergen, allergen specific
IgE synthesis, binding of allergen-specific IgE onto the IgE-
receptor on the surface of mast cells and basophils, re-expo-
sure to the same or homologous allergen, cross-linking of
membrane-bound IgE, cell activation and mediator secre-
tion, with subsequent effects on end-organs such as blood

vessels, bronchial smooth muscles, the gastrointestinal tract
or the skin [1]. Accordingly, allergen-specific IgE is the mo-
lecular entity which determines the patient’s allergy and thus
it is a major cornerstone of a specific allergy diagnosis.

Various immunoassays using crude allergen extracts
such as ELISA, Radio Allergo Sorbent Test (RAST) and high-
capacity solid phase test, e.g. the ImmunoCAP-system, are
currently in use for serological in vitro testing for specific IgE
detection [2]. However, these tests are time-consuming and
expensive, they require large quantities of serum sample and
often use poorly characterized preparations of allergen
extracts. Moreover, these conventional assays do not provide
the throughput to screen for all the known allergens which
are estimated to exceed 300 [2]. Due to low serum volume
consumption, high-throughput capacity and flexibility, pro-
tein microarrays are becoming important tools for the deter-
mination of allergen-specific IgE [3]. The principle of the
allergen microarrays is an immunoassay consisting of
recombinant allergens spotted and immobilized on
functionalized microarray slides as the capture agents. The
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Figure 1. (a) Structure of the
microcell. An etched poly-
dimethylsiloxane (PDMS) struc-
ture (same dimensions of a
microscope glass slide) has been
moulded based on a silicon
master with a central incubation
chamber (96360.1 mm3) con-
nected by two channels (500 mm
wide, 100 mm deep) to an inlet
and an outlet. The etched micro-
cell is placed on the surface of a
flat MPS-poly[DMA-co-NAS]
coated slide which has been pre-
viously arrayed by allergens
positioned in the same area of
the incubation chamber. (b) Flui-
dic connections to a selector
valve and to a syringe pump. The
pump is under a software con-
trolled fluid processor which
sequentially suck reagents,
switching over four available
reservoirs. (c) Picture of the
microfluidics set up and of the
microcell. The area of the incu-
bation cell has been magnified
and a microarray is shown.

nified and a typical output of microarray experiment is
shown. Complete microarray assays, from sample introduc-
tion to detection, were conducted in the microfluidic cell in
only 25 min (Section 2.5). The introduction inside the
microcell of the various assay reagents was software con-
trolled and did not require any manual intervention. The
most important step in the protocol, the incubation with the
serum sample, was performed under a forward and back-
ward flow of diluted serum 1 mL/sec for 10 min. The alter-
nating flow allowed us to reduce sample consumption (25 mL
diluted to 50 mL with the incubation buffer) without com-
promising the efficient mixing of the sample on the surface
of microarray.

By combining the fields of microfluidics and micro-
arrays, the advantages of both fields can be exploited simul-
taneously [14]. Microfluidics allows for automated delivery of
controlled reagent volumes. Furthermore, the circulation
and mixing of sample volume achievable by the use of
microflows during incubation can improve the results of the
molecular interactions on the microarray surface that are
generally hindered by the slow diffusion kinetics [11].

Figure 2 a–d reports a comparison between the allergen
specific IgE fluorescence signals detected by the conven-
tional protocol (2 h static incubation) and by the microfluidic
assay (10 min dynamic incubation) for the serum samples 1
(a), 2 (b), 3 (c) and 4 (d). The IgE signals are generally
increased using microfluidics. They are in good agreement
with those detected on the serum samples by immunoblot-
ting (Table 1) and by the ImmunoCAP-System (Table 2).

The negative controls didn’t show any nonspecific signals
neither with the conventional nor with the dynamic protocol.

A comparison of the fluorescence signals relative to
allergen specific IgGs detected in static and dynamic incu-
bation conditions is reported in Fig. 3 a–d. Generally, in each
of the tested sera the signals of allergen specific IgGs were
decreased when using the flow microcell.

These data suggest that a short and dynamic incubation
can increase the signal intensity of allergen specific IgE on
microarrays turning the binding reaction between the immo-
bilized allergens and the Igs in sera from a diffusion con-
trolled reaction towards a real kinetic one. This condition
favours the binding of the low concentration antibodies with
higher affinity (the IgEs) and impairs the binding of the IgGs.
Igs G are present in a large amount in serum but they have
lower affinity to allergens. They are not relevant for Type I
allergy diagnosis and are detrimental for IgE detection since
they can block the allergen interaction sites thus hindering
the binding of IgEs [15]. Additional advantages provided by
microfluidics are assay automation and analysis time reduc-
tion. The assay was carried out in only 25 min whereas the
various steps of conventional one require 2 h of serum incu-
bation, 1 h of secondary antibody incubation and 30 min of
washing. The results of the specific IgE analysis performed on
MPS-poly[DMA-co-NAS] coated microarray slides for the
serum samples from all patients using the microfluidic pro-
tocol are shown in Fig. 4. The allergen microarrays show clear
fluorescence signals in accordance with the serum samples
reactivity characterized by immunoblotting (Table 1) and

 2009 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.proteomics-journal.com

RESEARCH ARTICLE

Detection of allergen specific immunoglobulins
by microarrays coupled to microfluidics

Marina Cretich1, Gabriele Di Carlo1, 2, Cinzia Giudici1, Sven Pokoj3, Iris Lauer3,
Stephan Scheurer3 and Marcella Chiari1

1 Istituto di Chimica del Riconoscimento Molecolare (ICRM), C.N.R., Milano, Italy
2 Dipartimento di Chimica Organica e Industriale, Università degli Studi di Milano, Milano, Italy
3 Division Allergology, Paul-Ehrlich-Institut, Langen, Germany

Allergen microarrays are under development for a component-resolved diagnosis of Type I (IgE-
mediated) allergies. Here we report an improved microarray coupled to microfluidics for the
detection of allergen specific immunoglobulin E (IgE). The signal intensity for IgE detection in
serum has been improved by using glass slides coated with a novel poly[DMA-co-NAS] brush
copolymer which is able to immobilize allergens in their native conformation and by carrying out
the incubation step in dynamic conditions. The assay, fully automated, was performed in a
microcell, using a software-controlled fluidic processor, to bring assay reagents on the surface of
the array. Microfluidics turns the binding between serum immunoglobulins and immobilized
allergens from a diffusion-limited to a kinetic-limited process by ensuring an efficient mixing of
serum samples on the surface of the microarray. As a result of this, the binding of high affinity
IgE antibodies is enhanced whereas that of low affinity IgG antibodies, which are present at
higher concentration, is impaired paving the way to more accurate and sensitive results.

Received: August 6, 2008
Revised: November 13, 2008

Accepted: November 18, 2008

Keywords:
Allergens / Immunodiagnosis / Microfluidics / Protein arrays / Surface coatings

2098 Proteomics 2009, 9, 2098–2107

1 Introduction

Clinical manifestation of an allergic disease requires several
sequential steps: exposure to an allergen, allergen specific
IgE synthesis, binding of allergen-specific IgE onto the IgE-
receptor on the surface of mast cells and basophils, re-expo-
sure to the same or homologous allergen, cross-linking of
membrane-bound IgE, cell activation and mediator secre-
tion, with subsequent effects on end-organs such as blood

vessels, bronchial smooth muscles, the gastrointestinal tract
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it is a major cornerstone of a specific allergy diagnosis.

Various immunoassays using crude allergen extracts
such as ELISA, Radio Allergo Sorbent Test (RAST) and high-
capacity solid phase test, e.g. the ImmunoCAP-system, are
currently in use for serological in vitro testing for specific IgE
detection [2]. However, these tests are time-consuming and
expensive, they require large quantities of serum sample and
often use poorly characterized preparations of allergen
extracts. Moreover, these conventional assays do not provide
the throughput to screen for all the known allergens which
are estimated to exceed 300 [2]. Due to low serum volume
consumption, high-throughput capacity and flexibility, pro-
tein microarrays are becoming important tools for the deter-
mination of allergen-specific IgE [3]. The principle of the
allergen microarrays is an immunoassay consisting of
recombinant allergens spotted and immobilized on
functionalized microarray slides as the capture agents. The
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•  Comparaison des résultats des dosages d’IgEs contre les protéines purifiées avec autres 
techniques (Immunoblot, ImmunoCAP).  

–  4 sérums de patients allergiques au bouleau, noisette, pomme ou cerise, symptômes (OAS, 
rhinite, conjonctivite, asthme et angioedème).  

–  4 témoins négatifs. 

 
 

•  Intérêts combinés du micro-fluidique et des micro-matrices. 
•  Revêtement permet d' immobiliser les allergènes dans leur conformation native.  
•  Permet un mélange efficace des échantillons de sérum :  

–  On étudie une cinétique (diffusion  limitée). 
Ø  La liaison des IgEs est améliorée et la liaison de faible affinité des IgG est diminuée. 

•  Automatisé :  
–  PAS d’intervention manuelle, en seulement 25 min. 
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expression of the hazelnut lipid-transfer protein Cor a 8 [13].
Briefly, proteins were expressed as nonfusion-proteins in P.
pastoris and purified by a two-step FPLC method (IEC, SEC).
Finally, target protein containing fractions were pooled, dia-
lysed against PBS and stored at 47C.

2.2.4 Electrophoresis and immunoblotting

The purity and quality of each of the produced allergen was
analysed by SDS-PAGE (17.5%) under nonreducing condi-
tions and by IgE-antibody-reactivity. For immunoblotting,
proteins were transferred to NC membranes (0.45 mm) by
electroblotting (400 mA, 50 min). Membranes were blocked
in TBS with 0.3% Tween 20 for 1 h at room temperature
(RT) and incubated with 1:10 diluted patients’ sera over-
night at RT. Bound IgE antibodies were detected with
mouse-anti-human-IgE coupled with alkaline phosphatase
(AP; 1:750) (Pharmingen, Hamburg, Germany) and visual-
ized with NBT/BCIP as substrate in 0.1 M TBS, pH 9.5
according to the manufacturers’ instructions (Biorad,
Munich, Germany).

2.2.5 Biotinylation of allergens and coupling to
Streptavidin-ImmunoCAPs

For measurement of specific IgE-binding to purified recom-
binant allergens using the commercial ImmunoCAP-sys-
tem (Phadia GmbH, Freiburg, Germany) as reference all
allergens had to be biotinylated and subsequently coupled on
Streptavidin-ImmunoCAPs. For biotinylation the concentra-
tion of the allergens was normalized to 0.1 mg/mL. A 200 mL
aqueous biotin-X-NHS solution (1 mg/mL Calbiochem, San
Diego, USA) and 5 mL of the allergen (0.1 mg/mL), was
mixed to obtain a ratio of 1:2.5 (biotin:allergen, w/w). After
incubation for 5 h at RT under gentle shaking, the reaction
was stopped by the addition of 300 mL 0.1 M NH4Cl and then
incubated for 30 min at RT under gentle shaking. Unbound
biotin was removed by dialysis against MOPS buffer (20 mM
MOPS, 500 mM NaCl, pH 7.6). For verification of biotinyla-
tion the dot-blot technique was applied. Therefore, 20 mL of
biotinylated allergen (corresponding to approx. 2 mg) was
applied to a 0.2 mm NC membrane. A dialysed biotin solu-

tion was provided as buffer control and nonbiotinylated
allergen as negative control. Allergen bound NC membranes
were dried and subsequently incubated in blocking buffer
(0.3% Tween 20 in TBS) for 1 h at RT. Two different detection
methods were performed:

(i) Detection with streptavidin-AP: After washing with
TBST buffer (0.05% Tween 20 in TBS) 465 min, the mem-
brane was incubated with streptavidin-AP for 30 min (RT).
Detection was performed with the AP conjugate substrate kit
(BioRad).

(ii) Detection with patient serum: After washing with
TBST buffer (465 min) membrane was incubated with
patient serum (1:10 diluted) overnight (RT). Unbound Ig was
washed out with TBST buffer (465 min) and the membrane
was incubated with a monoclonal AP-labelled anti-human-
IgE antibody (Pharmingen) for 4 h at RT. Detection was per-
formed with the AP conjugate substrate kit (BioRad).

The coupling of biotinylated recombinant allergens to
Streptavidin-ImmunoCAPs (Phadia) was performed using a
UniCAP 100 (Phadia). Streptavidin-ImmunoCAPs were
prewashed according to the standard procedure. After wash-
ing Streptavidin-ImmunoCAPs were transferred to a 96-well
plate and 50 mL (approx. 4.5 mg) of the biotinylated allergen
was applied. After incubation for 30 min at RT the reaction
was stopped by washing the Streptavidin-ImmunoCAPs
using the UniCAP 100 system. Coupled ImmunoCAPs
were stored until measurement at 47C.

2.3 Serum samples

To compare the specific IgE antibody reactivity with the pu-
rified proteins by immunoblotting, the ImmunoCAP-sys-
tem and the microarray four-reference sera for each allergen
were used. These patients (nos. 1–4) were allergic to birch,
hazelnut, apple or cherry, had a positive case history (oral
allergy syndrome, rhinitis, conjunctivitis, breathlessness and
swelling of the throat) and CAP class 1 or higher to at least
one of the allergic sources. Four sera of nonallergic subjects
were used as negative controls (NC 1–4). The IgE-sensitiza-
tion pattern of the patients is shown in Table 1.

The serum samples used in this work are part of the
patient’s sera recruited for the NANOSPAD project, EC con-

Table 1. Serum reactivity determined by IgE-immunoblotting

Serum Bet v 1 Cor a 1 Pru av 3 Pru av 4 Mal d 3 Mal d 4

1 1 1 1 1 1 1
2 1 1 2 2 2 2

3 1 1 2 1 2 1
4 1 1 2 2 2 2

NC 1 2 2 2 2 2 2

NC 2 2 2 2 2 2 2
NC 3 2 2 2 2 2 2

NC 4 2 2 2 2 2 2
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tract number 016610 (NANOSPAD) FP6. All individuals
enrolled in this study gave informed consent as approved by
the local ethic committee.

Serum IgG removal was performed by ProMax Serum
IgG Removal Kit from Polysciences (Warrington, PA)
according to manufacturer’s instructions.

2.3.1 Determination of specific immunoglobulin E

Quantification of specific IgE-binding to purified recombi-
nant allergens were performed using the UniCAP-system
(Phadia). Streptavidin-ImmunoCAPs coupled with recombi-
nant allergens (4.5 mg ImmunoCAP) were prepared as
described in Section 2.2. Results of the CAP measurements
are shown in Table 2.

2.4 Microarray slides coating by MPS-poly[DMA-co-
NAS]

Microscope glass slides were immersed in a solution of
water, H2O2 (30% in water) and NH4OH (28–30% in water)
in the ratio 5:1:1 v/v/v respectively, for 2 min and heated at
607C. Then they were washed in milliQ water and dried in a
vacuum oven at 807C for 20 min. The slides were then dip-
ped in 1 M NaOH for 30 min, washed in milliQ water and
dried in vacuum oven for 30 min at 807C.

The pretreated slides were covered with a 1% w/v (3-
mercaptopropyl)trimethoxy silane (MPS) solution in dry
toluene and left in this solution for 4 h at RT. After the reac-

tion was completed, the slides were washed with toluene,
THF and then dried under vacuum in oven at RT for 30 min.
The slides were then immersed in a solution of DMA
(0.9 M), NAS (0.1 M), 2,20-Azobisisobutyronitrile (AIBN)
(1 mM) in degassed DMF. The reaction mixture was allowed
to react under Argon atmosphere, overnight at 807C (Scheme
2). After this period, the slides were rinsed in dry DMF,
washed in anhydrous THF and dried under nitrogen flow
and then in a vacuum oven at room temperature for 30 min.

2.5 Microarray experiments

An array of rabbit IgG labelled with Cy3 (reference), PBS
(negative control) and six recombinant allergens dissolved in
PBS at a concentration of 1 mg/mL was patterned using a Sci-
FlexArray spotter from Scienion (Berlin, Germany) according
to Scheme 1b. In the experimental conditions used, the volume
of the spotted drops is 400 pL. Printed slides were placed in a
humid chamber and incubated at RT overnight. The slides
were then blocked by 2% w/v BSA in PBS for 1 h, washed with
water and dried by centrifugation. In the optimized static con-
ventional experiments, arrayed slides were incubated for 2 h
with serum samples (25 mL) diluted 1:2 in the incubation buf-
fer (0.05 M Tris/HCl pH 7.6, 0.15 M NaCl, Tween 20 0.02% v/v,
BSA 1% w/v), washed by the washing buffer (0.05 M Tris/HCl
pH 9, 0.25 M NaCl, Tween 20 0.05% v/v) for 10 min under
stirring, rinsed with water and incubated with the labelled sec-
ondary antibody 0.01 mg/mL in the incubation buffer for 1 h.
Slides were washed with PBS (10 min) and water (10 min).

Table 2. CAP values (U/mL) of the analysed serum samples. CAP values.0.70 U/mL (CAP classes.2) are reported
in bold. 1 KU = 2.4 mg of IgE

Serum rBet v 1 rCor a 1 rPru av 3 rPru av 4 rMal d 3 rMal d 4

1 29.4 10.1 18.1 10.2 18.5 10.1
2 45.4 30.7 0.16 0.04 0.14 0.07
3 20.1 13.2 0.16 4.14 0.26 3.98
4 43.8 25.0 0.20 0.06 0.50 0.18
NC 1 0 0 0 0 0 0
NC 2 0 0 0 0 0 0
NC 3 0 0 0 0 0 0
NC 4 0 0 0 0 0 0

Scheme 2. MPS-poly[DMA-co-
NAS] coating for microarrays. A
grafting from polymerization
has been used to generate a
copolymer of dimethylacrila-
mide (DMA) and N,N-acryloy-
loxysuccinimide (NAS) starting
from (3-mercaptopropyl)tri-
methoxy silane (MPS) immobi-
lized on the glass slides.
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1 Introduction

Clinical manifestation of an allergic disease requires several
sequential steps: exposure to an allergen, allergen specific
IgE synthesis, binding of allergen-specific IgE onto the IgE-
receptor on the surface of mast cells and basophils, re-expo-
sure to the same or homologous allergen, cross-linking of
membrane-bound IgE, cell activation and mediator secre-
tion, with subsequent effects on end-organs such as blood

vessels, bronchial smooth muscles, the gastrointestinal tract
or the skin [1]. Accordingly, allergen-specific IgE is the mo-
lecular entity which determines the patient’s allergy and thus
it is a major cornerstone of a specific allergy diagnosis.

Various immunoassays using crude allergen extracts
such as ELISA, Radio Allergo Sorbent Test (RAST) and high-
capacity solid phase test, e.g. the ImmunoCAP-system, are
currently in use for serological in vitro testing for specific IgE
detection [2]. However, these tests are time-consuming and
expensive, they require large quantities of serum sample and
often use poorly characterized preparations of allergen
extracts. Moreover, these conventional assays do not provide
the throughput to screen for all the known allergens which
are estimated to exceed 300 [2]. Due to low serum volume
consumption, high-throughput capacity and flexibility, pro-
tein microarrays are becoming important tools for the deter-
mination of allergen-specific IgE [3]. The principle of the
allergen microarrays is an immunoassay consisting of
recombinant allergens spotted and immobilized on
functionalized microarray slides as the capture agents. The
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lecular entity which determines the patient’s allergy and thus
it is a major cornerstone of a specific allergy diagnosis.

Various immunoassays using crude allergen extracts
such as ELISA, Radio Allergo Sorbent Test (RAST) and high-
capacity solid phase test, e.g. the ImmunoCAP-system, are
currently in use for serological in vitro testing for specific IgE
detection [2]. However, these tests are time-consuming and
expensive, they require large quantities of serum sample and
often use poorly characterized preparations of allergen
extracts. Moreover, these conventional assays do not provide
the throughput to screen for all the known allergens which
are estimated to exceed 300 [2]. Due to low serum volume
consumption, high-throughput capacity and flexibility, pro-
tein microarrays are becoming important tools for the deter-
mination of allergen-specific IgE [3]. The principle of the
allergen microarrays is an immunoassay consisting of
recombinant allergens spotted and immobilized on
functionalized microarray slides as the capture agents. The
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•  Résultats comparables entre techniques.  
–  Résultats plus élevés en microfluidique. 

•  Pas de liaison non spécifique chez témoins négatifs 
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Figure 2. Comparison between the allergen specific IgE fluorescence signals detected by the conventional protocol (2 h static incubation)
and by the microfluidic assay (10 min dynamic incubation) for the serum samples 1–4 (a–d). 25 mL of serum, diluted 1:2 with the incubation
buffer was used for every assay. The error bars represent the SD of the fluorescence of four replicate spots. Fluorescence was detected
using 90% laser power and 90% PMT. The fluorescence values are calculated by subtracting the background level round about the spots
from the fluorescence intensity of each spot.

ImmunoCAP-System (Table 2). The negative controls (NC
1–4) did not show any unspecific signal (Fig. S1 of Support-
ing Information). The very low fluorescence background of
the MPS-poly[DMA-co-NAS] coated slides allowed us to use a
high laser power (90%) and PMT (90%) thus enhancing the
sensitivity of the assay. On these slides, fluorescence signals
were detected for all tested sera with specific concentrations
of at least 4 U/mL. The results demonstrated the usefulness
of an MPS-poly[DMA-co-NAS] based allergen microarray
coupled to microfluidics for the diagnosis of Type I allergy.

We investigated if sera IgG immunodepletion would give
comparable improvements in IgE signal intensity in the sta-
tic test to demonstrate that the competition between IgG and
IgE is the parameter affected by the dynamic mode incuba-
tion. In order to perform immunodepletion with any com-
mercial kit it is necessary to dilute the sera. This is not
favourable for detecting IgEs which are already present at a
very low serum concentration. In Fig. S2 (Supporting Infor-
mation) the typical results of the IgG and IgE detection

assays performed on MPS-poly[DMA-co-NAS] coated micro-
array slides in static mode on a serum subjected to IgG
depletion are reported. After IgG depletion, due to sera dilu-
tion (1:5), the IgE signals are not visible any more. These
results suggest that IgG immunodepletion with commercial
kits is not a workable strategy to enhance IgE signal intensity.
On the other hand enhancement of specific IgE antibody
detection by removal of IgG from an antiserum was suc-
cessfully shown in mice immunized with peanut and shrimp
allergens. Removal of IgG by 80–90% resulted in a 3–5-fold
increase of IgE reactivity [15].

Recently, a microfluidic chip integrated with microarrays
for chemiluminescent detection of allergen-specific anti-
bodies has been developed [16] based on allergen immobili-
zation on PDMS by a ‘macro-molecules to PDMS transfer’
[17] and the use of a SU-8/glass microcell. Unlike these
authors, our approach is based on the use of standard
microarray supports (modified microscope glass slides) and
a PDMS microcell. Microarray slides, bearing the surface
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•  Lame de silicium (au lieu du verre ordinaire) : 
–  Augmente la sensibilité. 
–  Capacité d'amplification de la fluorescence, meilleure performance. 
–  Améliore l'efficacité clinique d'un diagnostic basé sur les composants. 

•  Faible taux d’IgEs (selon dosage ImmunoCAP) pour des allergènes mineurs de 
pollens de graminées, arbres (Phl p 7 et Bet v 2) non identifiés par puce avec lame 
en verre (n=5/8), mais tous identifiés sur lames en silicium.  
–  Pertinents cliniquement (panallergènes) : permet d’identifier les allergies croisées ! 

•  Attention, Phl p 7 se comporte différemment probablement en raison de son 
faible PM(8,8kDa), présente une faible réactivité avec la surface polymère.  
–  Multiplexe : étalonnage soigneux du rendement d'immobilisation de chaque protéine 

nécessaire afin d'améliorer la fiabilité. 

•  Progrès technologique => approche diagnostique et alternative intéressante 
aux outils traditionnels de diagnostic pour doser les IgEs. 
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Abstract We have recently introduced a silicon substrate for
high-sensitivitymicroarrays, coatedwith a functional polymer
named copoly(DMA-NAS-MAPS). The silicon dioxide
thickness has been optimized to produce a fluorescence
intensification due to the optical constructive interference
between the incident and reflected lights of the fluorescent
radiation. The polymeric coating efficiently suppresses
aspecific interaction, making the low background a distinctive
feature of these slides. Here, we used the new silicon
microarray substrate for allergy diagnosis, in the detection of
specific IgE in serum samples of subjects with sensitizations
to inhalant allergens. We compared the performance of silicon
versus glass substrates. Reproducibility data were measured.
Moreover, receiver-operating characteristic (ROC) curves
were plotted to discriminate between the allergy and no
allergy status in 30 well-characterized serum samples. We
found that reproducibility of the microarray on glass supports
was not different from available data on allergen arrays,
whereas the reproducibility on the silicon substrate was
consistently better than on glass. Moreover, silicon signifi-

cantly enhanced the performance of the allergen microarray as
compared to glass in accurately identifying allergic patients
spanning a wide range of specific IgE titers to the considered
allergens.

Keywords Protein microarrays . Diagnosis . Fluorescence .

Allergy . Sensitivity . Specificity . ROC curves

Introduction

Allergy is a systemic disease whose pathogenic basis is the
recognition of innocuous antigens by specific antibodies of
the IgE isotype, followed by the release of inflammatory
mediators by cells expressing type I Fc epsilon receptor. On
this basis, no matter whether clinical expression of allergy
concerns airways, gastrointestinal tract, or skin, the detec-
tion of specific IgE to relevant allergens in the serum is
mandatory for its diagnosis.

Specific IgEs to one or more allergens are necessary but
not sufficient markers to make a clinical diagnosis of
allergy, since the expression of symptoms in the presence of
the sensitizing source must also occur. In this scenario, the
performance of available diagnostic tests aimed to measure
allergen-specific IgE can be considered under two different
perspectives. On one side, strictly sero-analytical perfor-
mance is measured with parameters such as sensitivity,
specificity, inter- and intra-assay variability, linearity,
spiking recovery, etc. This approach, in spite of being
legitimate on the basis of the comparison of new versus
previously available assays, does not provide information
on the actual clinical usefulness, or practical value, of the
considered assay. On the other side, to discriminate
between two different states of health (allergy/no allergy),
a given assay has to be considered over the whole spectrum
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•  Défaut des techniques précédentes : 
•  Techniques d'immobilisation des antigènes par adsorption physique ou par 

liaison covalente via groupes amino ou carboxyle. 
Ø  Parfois certains antigènes pas ou mal immobilisés, ou épitopes 

recouverts.  

•  Idéalement, il faut une technique qui permet : 
Ø  Exposer aux Ac polyclonaux toutes les régions antigéniques.  
Ø Orientation de l’immobilisation aléatoire.  
Ø  Permet un test rapide avec une technique d’immobilisation stable via des 

liaisons covalentes. 
 

Ø Microarray préparé via immobilisation par photo-irradiation.  

PhotoImmobilisation 
des allergènes 
Intérêt 
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a  b  s  t  r  a c  t

An  automated  microarray  diagnostic  system  for specific  IgE  using  photoimmobilized  allergen  has  been
developed.  Photoimmobilization  is useful  for  preparing  microarrays,  where  various  types  of  biological
components  are  covalently  immobilized  on  a plate.  Because  the  immobilization  is  based  on  a  photo-
induced  radical  cross-linking  reaction,  it does  not require  specific  functional  groups  on the  immobilized
components.  Here,  an  aqueous  solution  of a photoreactive  poly(ethylene  glycol)-based  polymer  was  spin-
coated  on  a plate, and  an aqueous  solution  of  each  allergen  was  microspotted  on the  coated  plate  and
allowed to  dry  in  air. Finally,  the  plate  was  irradiated  with  an  ultraviolet  lamp for  covalent  immobilization.
An  automated  machine  using  these  plates  was developed  for the assay  of antigen-specific  IgE.  Initially,  the
patient  serum  was added  to  the  microarray  plate,  and after reaction  of the microspotted  allergen  with  IgE,
the adsorbed  IgE  was  detected  by a peroxidase-conjugated  anti-IgE-antibody.  The  chemical  luminescence
intensity  of the  substrate  decomposed  by  the peroxidase  was  automatically  detected  using  a sensitive
charge-coupled  device  camera.  All  the  allergens  were  immobilized  stably  using  this  method,  which  was
used to  screen  for  allergen-specific  IgE.  The  results  were  comparable  with  those  using  conventional
specific  IgE.  Using  this  system,  six  different  allergen-specific  IgE  were  assayed  using 10  !L of  serum
within  a  period  of  20 min.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

In recent years, biochip/microarray technology has become a
powerful tool for parallel analysis. In addition to nucleic acid-based
arrays, various types of microarray systems have been developed
(Dupuy et al., 2005; Hartmann et al., Tao et al., 2007; Joos and
Bachmann, 2009). Among these systems, antigen, allergen, and
autoantigen microarrays have been reported by several researchers
(Gaudin et al., 2008; Bacarese-Hamilton et al., 2002; Hartmann
et al., 2009; Vigh-Conrad et al., 2010; Anderson et al., 2011). How-
ever, because these immobilization techniques are based either
on the physical adsorption of antigens or the covalent bonding of
amino or carboxyl groups in the antigens, it was possible that some
antigens were not immobilized, or not stably immobilized, or their
epitope regions were covered. It is necessary to display all regions of
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antigens on a surface to analyze polyclonal antibodies, and for this
purpose, random orientation immobilization is required. In addi-
tion, a rapid assay stable immobilization based on covalent bonds
is desired.

Therefore, a new immobilization method using photoirradiation
was devised, and this has been used in the preparation of microar-
rays by several researchers (Ito et al., 2006a,b; Liu and Yan, 2010;
Wang et al., 2011; Hu and Wang, 2009; Angeloni et al., 2005; Martin
et al., 2011; Ohyama et al., 2005; Ito et al., 2005). The advantages
of the photoimmobilization method are that (1) it is not limited
by any functional groups, and (2) it can immobilize any organic
material on any organic substrate through covalent bonds. In addi-
tion, as a result of the lack of a requirement for functional groups,
the orientation of the photoimmobilized macromolecules is ran-
dom, leaving various sites exposed for interaction with polyclonal
antibodies. Therefore, it is useful for the detection of polyclonal
allergen-specific IgE.

We  have already developed some photoreactive nonbiofoul-
ing polymers (Konno et al., 2005; Sakuragi et al., 2010; Ito et al.,
2006a,b, 2007; Matsudaira et al., 2008). In particular, a polymer
carrying polyethylene glycol in the side chains, which is a vinyl
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•  Du PEG est appliqué sous vide sur une lame de verre nettoyée 
préalablement par des ultraviolets (revêtement par centrifugation).  
–  Evite l’adsorption non spécifique des IgE de patient ou des réactifs de 

détection.  

•  La solution d'antigène déposée en spot sur la surface.  

•  La lame est photo-irradiée pour l'immobilisation des antigènes.  

•  La plaque revêtue est analysée par méthode d'ellipsométrie.  

•  IgE adsorbé sur les allergènes détecté par la luminescence 
chimique produite par anticorps secondaires marqués à la HRP.  
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Fig. 1. Illustration of the photoimmobilization of the microarray plate. The term AZ-PEG denotes the copolymer of polymethacryl-poly(ethylene glycol) with acryloyl-4-
azidobenzene in the side chains.

immobilization. The coated plate was analyzed using the con-
tact angle and ellipsometry methods. Although the contact angle
of the original glass plate was weakly hydrophobic (77.5 ± 1.5◦),
after irradiation under vacuum ultraviolet light, the surface became
superhydrophilic (i.e., the contact angle was zero degrees). After
coating the AZ-PEG, the surface became weakly hydrophobic again
(24.2 ± 1.3◦). The thickness of the AZ-PEG coating was  estimated to
be 7.1 nm from the ellipsometry measurements, assuming that the
refraction ratio was 1.39 at a wavelength of 633 nm.

3.2. Detection of IgE

IgE adsorbed onto the microspotted allergens, and could
be detected by the chemical luminescence produced by

secondary antibodies labeled with HRP. Nonspecific adsorp-
tion of patient IgE or detection reagents onto the plate was
significantly reduced by the AZ-PEG coating, as shown in
Fig. 3a.

The effect of photoimmobilization was compared with the phys-
ical adsorption of allergens on an unmodified plate, as shown in
Fig. 3b. When UV irradiation was not performed on the plate,
no signal was  observed. This result indicates that the spotted
allergen was  not stably immobilized, and therefore was removed
from the plate by washing. After UV irradiation, the allergen
was stably immobilized, and the signal from the adsorbed IgE
was observed on immunostaining with an anti-IgE antibody. The
irradiation time did not affect immobilization for periods above
7 min.
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•  Comparaison entre les résultats obtenus en ImmunoCAP et via puce.  
•  Attention ! Sources d'allergènes utilisées différents des CAP.  
•  Corrélations relativement élevées (>0,80) entre les systèmes CAP et puce pour 

tous les IgE utilisés sauf pour le sarrasin.  
–  Mais valeurs rarement < 1KU/L en CAP 

 
•  LOD 0,34 KUI/L 
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Fig. 2. Schematic diagram of the automated assay system.

Table  1
Flow chart of automated microarray assay.

Process Conditions Times Time

1 Primary reaction (immobilized allergen and serum IgE) With shaking 8 min
2  TBST washing With shaking (600 !L each time) 2 3.5 min
3 TBS  washing With shaking (800 !L each time) 13
4  Second reaction (adsorbed IgE and HRP-labeled anti-IgE antibody) With shaking 4 min
5 TBST  washing With shaking (600 !L each time) 2 3.5 min
6  TBS washing With shaking (800 !L each time) 13
7  Addition of chemical luminescence agents 3 s
8  Photograph 5 s

Total = approx. 19 min  8 s

3.3. Automated microarray assay

An automated machine was constructed as shown in Fig. 4.
Table 1 shows the flow chart of an automated microarray assay.
After the sample and reagent tubes were attached to holders and
the microarray plate was attached to the cell holder, the PC was
switched on. The remainder of the process was performed automat-
ically. Washing was performed using a two-way flow movement,
with both ends being capped using gas. The time for each process
step was adjusted to minimize the measurement time. In our sys-
tem, a new serum sample could be assayed automatically about
every 20 min.

Fig. 5 shows a chemical luminescence image captured by the
CCD camera in the automated system. Signal spots can be clearly
observed. The intensity of the signal depended on the exposure
time of the CCD camera.

The effect of prewashing the immobilized allergen plate
was investigated. After prewashing, the intensity of signal was
enhanced, as shown in Fig. 6. This result shows that removal of
an unstably immobilized allergen was effective because the unsta-
bly immobilized allergen consumed any bound IgE or subsequently
bound anti-IgE antibody, and reduced the amount of bound anti-IgE
antibody.

3.4. Comparison with a conventional assay

In this investigation, the highest intensity in the microspot
image was  measured, and the relationship between this
intensity and the ImmunoCAP value was investigated. The
data are summarized in Table 2. Although the allergen sources
used in this study were different from those used in the Immuno-
CAP system, relatively high correlations (of over 0.80) between
the ImmunoCAP system and our microarray assays were found
for all IgEs used except for buckwheat. Because it was possible to

Table 2
Correlation coefficient between the chemiluminescence intensity of images cap-
tured by the automated CCD camera and the value determined by the ImmunoCAP
system.

Allergen Correlation coefficient Cv (%) Sample number

Egg white 0.91 12 36
Cow’s milk 0.98 8 36
Wheat 0.82 18 25
Buckwheat 0.73 9 30
Peanut 0.93 8 35
Soybean 0.84 11 25
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a  b  s  t  r  a c  t

An  automated  microarray  diagnostic  system  for specific  IgE  using  photoimmobilized  allergen  has  been
developed.  Photoimmobilization  is useful  for  preparing  microarrays,  where  various  types  of  biological
components  are  covalently  immobilized  on  a plate.  Because  the  immobilization  is  based  on  a  photo-
induced  radical  cross-linking  reaction,  it does  not require  specific  functional  groups  on the  immobilized
components.  Here,  an  aqueous  solution  of a photoreactive  poly(ethylene  glycol)-based  polymer  was  spin-
coated  on  a plate, and  an aqueous  solution  of  each  allergen  was  microspotted  on the  coated  plate  and
allowed to  dry  in  air. Finally,  the  plate  was  irradiated  with  an  ultraviolet  lamp for  covalent  immobilization.
An  automated  machine  using  these  plates  was developed  for the assay  of antigen-specific  IgE.  Initially,  the
patient  serum  was added  to  the  microarray  plate,  and after reaction  of the microspotted  allergen  with  IgE,
the adsorbed  IgE  was  detected  by a peroxidase-conjugated  anti-IgE-antibody.  The  chemical  luminescence
intensity  of the  substrate  decomposed  by  the peroxidase  was  automatically  detected  using  a sensitive
charge-coupled  device  camera.  All  the  allergens  were  immobilized  stably  using  this  method,  which  was
used to  screen  for  allergen-specific  IgE.  The  results  were  comparable  with  those  using  conventional
specific  IgE.  Using  this  system,  six  different  allergen-specific  IgE  were  assayed  using 10  !L of  serum
within  a  period  of  20 min.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

In recent years, biochip/microarray technology has become a
powerful tool for parallel analysis. In addition to nucleic acid-based
arrays, various types of microarray systems have been developed
(Dupuy et al., 2005; Hartmann et al., Tao et al., 2007; Joos and
Bachmann, 2009). Among these systems, antigen, allergen, and
autoantigen microarrays have been reported by several researchers
(Gaudin et al., 2008; Bacarese-Hamilton et al., 2002; Hartmann
et al., 2009; Vigh-Conrad et al., 2010; Anderson et al., 2011). How-
ever, because these immobilization techniques are based either
on the physical adsorption of antigens or the covalent bonding of
amino or carboxyl groups in the antigens, it was possible that some
antigens were not immobilized, or not stably immobilized, or their
epitope regions were covered. It is necessary to display all regions of
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antigens on a surface to analyze polyclonal antibodies, and for this
purpose, random orientation immobilization is required. In addi-
tion, a rapid assay stable immobilization based on covalent bonds
is desired.

Therefore, a new immobilization method using photoirradiation
was devised, and this has been used in the preparation of microar-
rays by several researchers (Ito et al., 2006a,b; Liu and Yan, 2010;
Wang et al., 2011; Hu and Wang, 2009; Angeloni et al., 2005; Martin
et al., 2011; Ohyama et al., 2005; Ito et al., 2005). The advantages
of the photoimmobilization method are that (1) it is not limited
by any functional groups, and (2) it can immobilize any organic
material on any organic substrate through covalent bonds. In addi-
tion, as a result of the lack of a requirement for functional groups,
the orientation of the photoimmobilized macromolecules is ran-
dom, leaving various sites exposed for interaction with polyclonal
antibodies. Therefore, it is useful for the detection of polyclonal
allergen-specific IgE.

We  have already developed some photoreactive nonbiofoul-
ing polymers (Konno et al., 2005; Sakuragi et al., 2010; Ito et al.,
2006a,b, 2007; Matsudaira et al., 2008). In particular, a polymer
carrying polyethylene glycol in the side chains, which is a vinyl
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•  Grand potentiel  
–  => immobilisation de toute matière organique, indépendante de groupes fonctionnels 

ou des protéines.  
•  Orientation aléatoire des molécules immobilisées.  

•  Réduction des interactions non spécifiques des protéines sériques à l'aide du 
composant de PEG. 

•  Panel d’IgEs, environ 30 min et 10 µl de sérum.  

•  A confirmer avec des études complémentaires... 

PhotoImmobilisation 
des allergènes 
Avantages 

Journal of Biotechnology 161 (2012) 414– 421

Contents lists available at SciVerse ScienceDirect

Journal  of  Biotechnology

jou rn al h om epa ge: www.elsev ier .com/ locate / jb io tec

An  automated  multiplex  specific  IgE  assay  system  using  a  photoimmobilized
microarray

Yoshihiro  Itoa,b,c,∗ , Nozomi  Moritsugua ,  Takahisa  Matsuea,b , Kiyomi  Mitsukoshia ,  Hirohito  Ayamec ,
Norihiko  Okochic,  Hideshi  Hattori c, Hideo  Tashiroa,b, Sakura  Satod,  Motohiro  Ebisawad

a Nano Medical Engineering Laboratory, RIKEN Advanced Science Institute, 2-1 Hirosawa, Wako-shi, Saitama, 351-0198, Japan
b Consonal Biotechnologies Co., Ltd., Suntec Bldg., 2-7, 2 chome, Honcho, Funabashi-shi, Chiba, 273-0005, Japan
c Diagnostic Biochip Laboratory, RIKEN Center for Intellectual Property Strategies, 2-1 Hirosawa, Wako-shi, Saitama, 351-0198, Japan
d Department of Allergy, Clinical Research Center for Allergology and Rheumatology, Sagamihara National Hospital, 18-1, Sakuradai, Minami-ku, Sagamihara, Kanagawa 252-0392,
Japan

a  r  t  i  c  l  e  i  n  f  o

Article history:
Received 17 March 2012
Received in revised form 2 July 2012
Accepted 11 July 2012
Available online 16 August 2012

Keywords:
Microarray
Biochip
Automated assay
Photoimmobilization

a  b  s  t  r  a c  t

An  automated  microarray  diagnostic  system  for specific  IgE  using  photoimmobilized  allergen  has  been
developed.  Photoimmobilization  is useful  for  preparing  microarrays,  where  various  types  of  biological
components  are  covalently  immobilized  on  a plate.  Because  the  immobilization  is  based  on  a  photo-
induced  radical  cross-linking  reaction,  it does  not require  specific  functional  groups  on the  immobilized
components.  Here,  an  aqueous  solution  of a photoreactive  poly(ethylene  glycol)-based  polymer  was  spin-
coated  on  a plate, and  an aqueous  solution  of  each  allergen  was  microspotted  on the  coated  plate  and
allowed to  dry  in  air. Finally,  the  plate  was  irradiated  with  an  ultraviolet  lamp for  covalent  immobilization.
An  automated  machine  using  these  plates  was developed  for the assay  of antigen-specific  IgE.  Initially,  the
patient  serum  was added  to  the  microarray  plate,  and after reaction  of the microspotted  allergen  with  IgE,
the adsorbed  IgE  was  detected  by a peroxidase-conjugated  anti-IgE-antibody.  The  chemical  luminescence
intensity  of the  substrate  decomposed  by  the peroxidase  was  automatically  detected  using  a sensitive
charge-coupled  device  camera.  All  the  allergens  were  immobilized  stably  using  this  method,  which  was
used to  screen  for  allergen-specific  IgE.  The  results  were  comparable  with  those  using  conventional
specific  IgE.  Using  this  system,  six  different  allergen-specific  IgE  were  assayed  using 10  !L of  serum
within  a  period  of  20 min.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

In recent years, biochip/microarray technology has become a
powerful tool for parallel analysis. In addition to nucleic acid-based
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Introduction

There is a growing body of evidence that IgE-mediated allergic
diseases have increased over the last 40 years to the point of
becoming the most prevalent diseases in the Western world [1,2].
The diagnostic work-up in allergic diseases is largely based on the
use of extracts for both skin tests and in vitro IgE testing [3,4]. A
number of pitfalls affect the reliability of these diagnostic
approaches, due to the poor quality of the extracts, their unknown
component content and sometimes the presence of unwanted
contaminants [5].
During the last decades the understanding about allergenic

molecules has steadily increased year by year, thus resulting in a
remarkable expansion in the identification, characterization and
production of allergens, either natural or recombinant (http://
www.allergome.org/script/statistic.php).

During the last 10 years, the use of allergenic molecules
immobilized on microarrays has been the most fascinating novelty
for in vitro specific IgE detection [6], allowing at the same time both
a higher definition of the patient’s IgE sensitization profile and a
broader evaluation of IgE reactivity in an unprecedented
epidemiological study scale [7]. In fact, besides the use of micro-
technology for developing the novel IgE detection method,
microarrays like the ISAC (Phadia Multiplexing Diagnostics,
PMD, Vienna, Austria) used in the study of Scala et al. [7] bear
the intrinsic concept of multiplex testing, where multiplexing
means testing a single specimen of the serum sample obtaining
hundreds of results at once [8,9].
A major criticism has been raised toward this multiplexing

approach as it is felt to be too rigid in the allergen selection. It
seemed to us then that there could be the need for a more flexible
but anyhow multiplexed immunoassay platform, allowing the
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Allergen specific polyclonal and monoclonal antibodies, as well as samples from 167 allergic patients, characterized by
means of the ISAC microarray system, were used as means to show the feasibility of the ABA. Three hundred and thirty-six
sera were tested for 1 or more of the 16 selected allergens, for a total number of 1,519 tests on each of the two systems.

Results: Successful coupling was initially verified by detecting the binding of rabbit polyclonal IgG, mouse monoclonal, and
pooled human IgE toward three allergens, namely nDer s 1, nPen m 1, and nPru p 3. The ABA assay showed to detect IgE to
nAct d 1, nAct d 11, rAln g 1, nAmb a 1, nArt v 3, rBet v 1, rCor a 1, nCup a 1, nDer p 1, nDer s 1, rHev b 5, nOle e 1, rPar j 2,
nPen m 1, rPhl p 1, and nPru p 3. Results obtained by ABA IgE testing were highly correlated to ISAC testing (r = 0.87,
p,0.0001). No unspecific binding was recorded because of high total IgE values.

Conclusion: The ABA assay represents a useful and flexible method for multiplex IgE detection using allergenic molecules.
As also shown by our initial experiments with monoclonals and polyclonals, ABA is suitable for detecting other human and
non-human immunoglobulins.
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Introduction

There is a growing body of evidence that IgE-mediated allergic
diseases have increased over the last 40 years to the point of
becoming the most prevalent diseases in the Western world [1,2].
The diagnostic work-up in allergic diseases is largely based on the
use of extracts for both skin tests and in vitro IgE testing [3,4]. A
number of pitfalls affect the reliability of these diagnostic
approaches, due to the poor quality of the extracts, their unknown
component content and sometimes the presence of unwanted
contaminants [5].
During the last decades the understanding about allergenic

molecules has steadily increased year by year, thus resulting in a
remarkable expansion in the identification, characterization and
production of allergens, either natural or recombinant (http://
www.allergome.org/script/statistic.php).

During the last 10 years, the use of allergenic molecules
immobilized on microarrays has been the most fascinating novelty
for in vitro specific IgE detection [6], allowing at the same time both
a higher definition of the patient’s IgE sensitization profile and a
broader evaluation of IgE reactivity in an unprecedented
epidemiological study scale [7]. In fact, besides the use of micro-
technology for developing the novel IgE detection method,
microarrays like the ISAC (Phadia Multiplexing Diagnostics,
PMD, Vienna, Austria) used in the study of Scala et al. [7] bear
the intrinsic concept of multiplex testing, where multiplexing
means testing a single specimen of the serum sample obtaining
hundreds of results at once [8,9].
A major criticism has been raised toward this multiplexing

approach as it is felt to be too rigid in the allergen selection. It
seemed to us then that there could be the need for a more flexible
but anyhow multiplexed immunoassay platform, allowing the
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the intrinsic concept of multiplex testing, where multiplexing
means testing a single specimen of the serum sample obtaining
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Figure 9. Selected examples of Allergen micro-Beads Array (ABA) IgE testing report. Eleven different micro-beads were tested in the same
tube in each run for each sample. Examples were selected on purpose among the samples with high total IgE. All IgE positive and negative ABA
results matched the ISAC results. Numbers in the upper left corner indicate the Table S1 row numbers and patients’ ID. In each panel: the upper left
graph shows clustered micro-beads by their dimension; the upper right: scatter plots of each fluorescent bead; the lower left: fluorescence intensity
and event counts; the lower right: summary table with median fluorescence values. Samples reported in each of the six panels had the following total
IgE values: Panel A= 9,730 IU/l; Panel B = 1,351 IU/l; Panel C = 1,220 IU/l; Panel D = 1,931 IU/l; Panel E = 20,900 IU/l; Panel F = 23,540 IU/l.
doi:10.1371/journal.pone.0035697.g009
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for in vitro specific IgE detection [6], allowing at the same time both
a higher definition of the patient’s IgE sensitization profile and a
broader evaluation of IgE reactivity in an unprecedented
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technology for developing the novel IgE detection method,
microarrays like the ISAC (Phadia Multiplexing Diagnostics,
PMD, Vienna, Austria) used in the study of Scala et al. [7] bear
the intrinsic concept of multiplex testing, where multiplexing
means testing a single specimen of the serum sample obtaining
hundreds of results at once [8,9].
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Figure 7. ABA versus ISAC correlation results on serum samples selected on the basis of the allergen specificities reported in each
panel and listed in Table S1. Letter flags, namely H, I, J, K, L, M, in figure 7 indicate them as parts of the results shown also in figures 5, 6, and 8.
Consecutive letters are used on purpose to recall result type continuity across the four figures. Allergen nature, being either natural or recombinant,
matched for both tests. Vertical dashed lines represent the arbitrary ABA negative cut off value. Horizontal dashed lines mark the value range where
ISAC IgE determinations are not always reproducible (unpublished data). For graphical visualization needs on log scales, zero value for ABA was set at
10 MFI on the X axis, and at 0.01 kU/l for ISAC value on the Y axis. The Spearman r correlation coefficient was calculated and the Fisher’s exact test
was used for statistical purposes. Statistical results are reported below each graph.
doi:10.1371/journal.pone.0035697.g007
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•  Outil intéressant pour la dermatite atopique  
–  larges recherches IgE , auto-Ac, environnement... => diagnostic.  
–  Pas de cible spécifique. 

 
•  Le + complet et le + simple outil. 
•  Quantités infimes de sérum, chez patients de tout âge.  
•  Au même niveau que les TC et que les CAP ?  
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The IgE-microarray testing in atopic dermatitis: a suitable
modern tool for the immunological and clinical phenotyping
of the disease
Adriano Mari, Enrico Scala and Claudia Alessandri

Introduction
The skin plays an essential role in the protection from a
variety of potential pathogens coming from the external
environment. It represents more than a simple passive
barrier: the mechanical attributes are strengthened by the
resident immune system of the skin, which is essential in
the preservation of the human body homeostasis. The
relevance of the skin resident immune response is made
more and more evident observing the involvement of
the skin in allergic diseases, in a number of genetic and
acquired immunodeficiency disorders, in cutaneous
tumors such asMycosis Fungoides and Sézary Syndrome,
and in patients receiving immunosuppressive treatments
after organ transplantation.

Approximately one-third of the population worldwide is
affected by allergic diseases. There are several reports
suggesting the presence of genetic and epigenetic factors
involved in this phenomenon. However, the precise
recognition of genes implicated is not straightforward,
because of the composite interactions of a range of
molecules in different phases of the allergic reaction, a
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In atopic dermatitis, affecting up to 20% of children and
between 0.2 and 8.8% of adults, the partial loss of the
cutaneous barrier function, due to low ceramide levels
and reduced filaggrin function, facilitates the trans-
epidermal water loss [1,2] and the penetration of environ-
mental compounds, including allergens or pathogen-
derived toxins, thus facilitating a specific, IgE-driven,
allergic skin inflammation.

Because of the huge number of factors possibly involved,
there is a need of innovative investigative tools allowing
the analysis at the same time of a great number of
sensitizers and elicitors of IgE reactivity, or to exclude
them all at the end. The proof of concept for detecting
allergen specific IgE using microarray technology was
given almost 10 years ago by Hiller et al. [3], and its use in

Center for Molecular Allergology, IDI-IRCCS, Rome,
Italy

Correspondence to Adriano Mari, MD, Center for
Molecular Allergology, IDI-IRCCS, Via dei Monti di
Creta 104, Rome, Italy
Tel: +39 338 8837352; fax: +39 06 6646 4341;
e-mail: adriano.mari@idi.it

Current Opinion in Allergy and Clinical
Immunology 2011, 11:438–444

Purpose of review
To define the role of IgE-microarray testing in atopic dermatitis where the multifunctional
environmental factors implicated in the pathogenesis of the disease deserve a complex
and exhaustive approach for the finest definition of relevant allergenic triggers, if any.
Recent findings
Allergenic factors involved in atopic dermatitis have been reported in inducing atopic
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•  ImmunoCAP ISAC, ce qui a déjà été fait  : 
–  Utilisé dans un grand nombre d'études cliniques.  
–  Etudes épidémiologiques.  
–  Suivi longitudinal des enfants.  
–  Nouvelles sensibilisations.  

•  ImmunoCAP ISAC, de nombreux points forts et résultats proches mais pas 
identiques aux immunoessais classiques (WAO Position Paper, Décembre 2013).   

•  ImmunoCAP ISAC, points faibles : 
–  Pour certains allergènes et pour les niveaux d'IgE faibles, pas suffisamment sensible. 
–  Certains allergènes importants ne sont pas inclus.  

Ø  Puce MEDALL augmente le nombre d'allergènes avec une meilleure sensibilité. 
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37Allergy diagnosis based on purified allergen molecules provides detailed information regarding the
38individual sensitization profile of allergic patients, allows monitoring of the development of allergic
39disease and of the effect of therapies on the immune response to individual allergen molecules. Allergen
40microarrays contain a large variety of allergen molecules and thus allow the simultaneous detection of
41allergic patients’ antibody reactivity profiles towards each of the allergen molecules with only minute
42amounts of serum. In this article we summarize recent progress in the field of allergen microarray tech-
43nology and introduce the MeDALL allergen-chip which has been developed for the specific and sensitive
44monitoring of IgE and IgG reactivity profiles towards more than 170 allergen molecules in sera collected
45in European birth cohorts. MeDALL is a European research program in which allergen microarray technol-
46ogy is used for the monitoring of the development of allergic disease in childhood, to draw a geographic
47map of the recognition of clinically relevant allergens in different populations and to establish reactivity
48profiles which are associated with and predict certain disease manifestations. We describe technical
49advances of the MeDALL allergen-chip regarding specificity, sensitivity and its ability to deliver test
50results which are close to in vivo reactivity. In addition, the usefulness and numerous advantages of aller-
51gen-microarrays for allergy research, refined allergy diagnosis, monitoring of disease, of the effects of
52therapies, for improving the prescription of specific immunotherapy and for prevention are discussed.
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571. Introduction

58Due to the continuing rise of the worldwide prevalence of
59allergic diseases the development of strategies for early diagnosis,
60prevention and treatment of allergic sensitizations becomes an
61increasingly important issue [1]. The development of IgE responses
62to allergen molecules, a process termed ‘‘allergic sensitization’’
63seems to occur early in life whereas IgE-reactivity profiles of adult
64allergic patients do not change in a relevant manner [2,3]. This
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•  ISAC version « améliorée ».  
•  Puce d’allergène MEDALL, spécifique et sensible, pour le suivi des profils IgEs 

et IgG envers >170 molécules d'allergènes. 
 
•  Dosage de sérums issus des cohortes européennes.  
•  Programme de recherche européen dans lequel la technologie des multiplexes 

est utilisée pour : 
–  Le suivi de l'évolution de l’allergie dans l'enfance. 
–  Définir une carte géographique des sensibilisations cliniquement pertinentes dans différentes 

populations.  
–  Etablir les profils de sensibilisation permettant de prédire les manifestations de la maladie.  
–  Estimer les effets des thérapies. 
–  Améliorer la prescription de l'immunothérapie spécifique. 
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•  Les dosages simulant des conditions où la quantité d'allergène est faible 
permettent l'estimation de l'effet du blocage de la liaison des IgEs par les 
IgGs des mêmes allergènes.  
=> Ressemble aux réactions biologiques dans les conditions d'exposition naturelle.  
Ø  Dosages d’IgEs sur microarray fournissent des informations + pertinentes  

cliniquement. 
•  Triplicate d'une dilution en série d’un anticorps monoclonal d'IgE humaine 

spécifique  à Bet v 1 mesurés sur le MEDALL (2,42 ng/ml = 1UA/ml en CAP).  
•  Jusqu’à 32 ng/ml de l'anticorps monoclonal (23.3ISU), une corrélation linéaire.  
•  Au-delà de 30 ng/ml, la courbe arrive à saturation.  
•  Bonne reproductibilité si IgE élevés (641 ng/ml=132ISU,SD=2.26ISU,CV=1,7%).  
•  Le signal détecté à la plus faible concentration d'IgE (0,05ng/ml) était 0.14 ISU 

avec un rapport signal/bruit de 14.  
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•  Faible taux d’IgE : MEDALL aurait une meilleure sensibilité.  
•  Lorsque concentration d’IgE >30 ng/ml, plus de relation linéaire.  
•  En CAP, relation linéaire jusque 300 ng/ml d' IgE.  

–  Dû au fait que sur la puce, seulement 5 à 20 fg/spot de protéines sont immobilisées 
versus CAP, l-2µg de protéine.  

–  Qualité des protéines et évaluation de la capacité de liaison de l'anticorps aux spots 
d'allergènes = critique. 

•  En CAP, excès d’allergène. 
–  Grande quantité d’allergène couplé à une grande surface, tous les isotypes d’Ac 

peuvent se lier simultanément.  
–  Impact important sur​​ les résultats, à considérer lors de l’interprétation.  

Ø  Lorsque les taux d'anticorps sont relativement faibles, les deux systèmes 
donnent des résultats comparables. 

Ø  Lorsque les taux augmentent, le nombre relativement limité d'épitopes présents 
par spot empêche la liaison des anticorps spécifiques à l' allergène respectif.  
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•  La puce mime la situation in-vivo où seules de petites quantités d’allergènes 
entrent dans le corps, plusieurs facteurs vont déterminer quelle Ig se liera mieux 
à l'allergène :  
–  La concentration.  
–  L'affinité des anticorps.  
 

•  Réduction de la liaison des IgE lorsque d’autres Ig sont présentes : 
–  Anticorps bloquants reconnaissant le même épitope.  
–  Affectent la liaison des IgE par d'autres mécanismes tels que 

l'encombrement stérique.  

•  Quantifier les IgG liés à un allergène ne fournit aucune information quant à 
savoir si cela inhibe la liaison des IgE au même allergène.  
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•  Mesure du blocage des IgG, ou autres anticorps. Evaluations : 
–  de l’efficacité immunologique de l'immunothérapie spécifique.  
–  de l’effet protecteur des IgG maternelles transférées à l'enfant via le placenta ou lait 

maternel.  
–  du développement spontané des réponses IgG spécifiques de l'allergène.  

•  Compétition IgG/IgE intéressante dans les échantillons de sérum ou d'autres 
liquides biologiques (les larmes, le lait maternel). 

•  Immunothérapie spécifique réussie :  
–  des titres plus élevés d'IgGs de l'allergène, plutôt que les IgE sont produites. 

=> IgG occupent plusieurs épitopes sur la molécule.  
§  Peuvent bloquer la liaison des IgEs à l'allergène 
 => la réduction de la liaison des IgE sera détectable.  
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Take-home messages 

•  Les extraits allergéniques disponibles pour le diagnostic in-vitro des allergies 
sont préparés à partir de matériel biologique. 
–  Ils contiennent des protéines  allergéniques et non-allergéniques. 

§  Leur contenu en allergène majeur/mineur n’est pas toujours bien standardisé... 

•  Des milliers d’allergènes décrits, >130 allergènes naturels purifiés ou produits 
sous forme de recombinants sont commercialisés pour le diagnostic des 
allergies. 

–  Dosages d’IgE spécifiques unitaires.  
–  Multiplexe. 

 

•  Les composants allergéniques, nombreuses 
utilités : 
-  ITS, prédire la sévérité des allergies. 
-  Etablir un profil de sensibilisation expliquant les 

réactions croisées. 
-  Aide objective à la prise de décision quant à la 

conduite à tenir (éviction totale, essai de 
réintroduction...). 

 
Ø Révolution dans le diagnostic  

 



Take-home messages 

•  Trouver la cause d’une allergie est parfois extrêmement complexe... 
ü Malgré une bonne anamnèse clinique. 
ü Un diagnostic, dans des cas complexes, prend parfois beaucoup de temps, 

nécessite parfois des tests dangereux (TPO) en plus des TC. 
ü Allergie moléculaire : multiples tests, prises de sang. 
ü  La sécurité sociale ê et les coûts é 

•  Les Multiplexes permettent d’évaluer la réactivité des IgE contre un grand 
nombre de composants allergéniques en un test simple et rapide. 
–  Allergie moléculaire 
–  Dédié à des médecins spécialistes 
 

•  Le profil moléculaire en tant que résultat d’exploration de routine doit être 
regardé avec attention (quel allergène pertinent, si inattendu, titres). 



Take-home messages 

•  Des techniques innovantes permettent de définir des profils de sensibilisation : 
–  Le + connu : l’ImmunoCAP ISAC. 

§  112 composants allergéniques 
§  30 µL de sérum 
§  Bonne corrélation avec CAP mais sensibilité moindre (si IgEs <1 ISU) 
§  4h de test, non automatisé. 
§  Panel rigide 
§  Allergènes à revoir, incomplet probablement 

–  Puce Medall (=ImmunoCAP ISAC amélioré)  
§  170 allergènes 

–  PhotoImmobilisation des allergènes 
§  Peu de publication... à suivre... 

–  Microfluidic array : Lab-on-a-chip, BioIC 
§  30 minutes, Automatisé 
§  Panel à la carte 
§  Déjà utilisé pour certains immunoessais 

–  Micro-beads array : 
§  30 minutes, Automatisé 
§  Panel à la carte 
§  Cytométrien en flux 
§  Maximum 30 allergènes à la fois  



Take-home messages 

•  Quid du futur et des développements ? 

–  Elargir la gamme des composants allergéniques en routine ? 
–  Y a-t-il des composants allergéniques non nécessaires ou moins pertinents ? 
–  Un test multiplexe à la carte ? 
–  Microbilles en cours de préparation versus tests « figés » ISAC et micro-fluidiques. 

§  Il y a de la concurrence qui se prépare !! 

•  Doit-on suivre les sensibilisations précliniques ? 

–  Finalement, des allergènes « en trop », inattendus, ne sont-ils pas intéressants pour le 
clinicien et le futur allergique du patient ? 

–  ISAC et « tests figés » ont leur place... 

L’allergie moléculaire est plus qu’une réflexion, c’est un art. 
ImmunoCAP ISAC est le premier tableau qui le met en valeur. 

Le futur s’annonce riche en couleur ! 



software and optimized illumination and imaging configura-
tion is significantly more sensitive, repeatable and immune
from manual reading errors. Furthermore, it also permits
digital quantification of an allergen concentration beyond a
yes/no decision. When compared to digital processing of
cellphone camera pictures taken without a separate read-out
attachment, i.e., under ambient light, the presented approach
is much more robust, since it is independent of the optical
spectrum or intensity of external lighting conditions. These
might significantly vary based on the setting that the test is
used, and therefore could result in sensitivity problems in
e.g., airplanes or other poorly illuminated environments.
Furthermore, using a separate optical attachment on the
cellphone, as presented in our work, eliminates possible image
artefacts due to the hand motion of the user, creating a more
repeatable, reliable and sensitive platform for personal use in
various public health settings including e.g., restaurants,
schools, airplanes, etc.

Methods

Overview of the iTube platform

In this cellphone-based iTube platform, we designed a cost-
effective digital tube reader and a smart application that
measures the absorption of colorimetric assays and digitally
converts raw transmission images captured by the cellphone
into concentration measurements of the allergen traces
detected in food samples.
Hardware design. Our digital reader was implemented on an

Android phone (Samsung Galaxy S II, 1.2 GHz Dual Core ARM
Cortex-A9 Processor, 8MP Camera with F/2.65 aperture and 4
mm focal length lens). The same tube reader can also be built
on other smart phones, including an iPhone, as well as other
Android devices with slight mechanical modifications. The 3D
structure of the cellphone attachment was designed using
Inventor software (Autodesk) and built using a 3D printer (Elite,
Dimension), providing a lightweight (y40 grams) and robust
hardware that can be operated in field conditions. In our
design, we utilized two interchangeable LEDs (Digikey, 751-
1089-ND, 650 nm peak wavelength with 15 nm bandwidth) to
vertically illuminate the test and control tubes (see Fig. 1). The
wavelength of these LEDs was specifically chosen to match the
absorption spectrum of the colorimetric assay performed in the
test tube. To uniformly illuminate the cross-section of each tube
(i.e., 8 mm6 12 mm), two diffusers (Digikey, 67-1845-ND) were
also inserted between the LEDs and the tubes. The transmitted
light through each tube of interest is then collected via two
circular apertures (1.5 mm diameter) to be imaged onto the
digital camera of the cellphone using a plano-convex lens
(Edmund Optics, NT65-576, focal length y28 mm). This
imaging configuration provides an optical demagnification of
the tube cross-section by 28/4 = 7 fold, which permits fitting
both the test (i.e., sample) and control tubes into the field-of-
view of the cellphone camera (see Fig. 1(a) or 2(e)).
Android-based smart application. We developed an Android

application, which functions as follows (see Fig. 2):

Fig. 2 Screenshots of our iTube application running on an Android cellphone are
shown. (a) Once the application runs, either New Test or Instructions tab can be
selected. (c) The user can read the testing protocol explained under Instructions.
(d) With the selection of New Test, an allergen type of interest can be designated
within the pop-up menu. (e) Following the activation of the cellphone camera,
the user can simply touch the screen to capture the transmission images of the
test and control tubes. (f) The acquired images are rapidly processed on the
cellphone to quantify the allergen amount within the target food sample.

Fig. 1 (a) A picture of the iTube platform, utilizing colorimetric assays and a
smart phone-based digital reader, is shown. (b) The opto-mechanical attach-
ment that is installed at the back of the cellphone is shown. Dimensions: y22
mm 6 67 mm 6 75 mm. (c) A schematic diagram of the same iTube platform is
also illustrated.
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We demonstrate a personalized food allergen testing platform, termed iTube, running on a cellphone that
images and automatically analyses colorimetric assays performed in test tubes toward sensitive and specific
detection of allergens in food samples. This cost-effective and compact iTube attachment, weighing
approximately 40 grams, is mechanically installed on the existing camera unit of a cellphone, where the
test and control tubes are inserted from the side and are vertically illuminated by two separate light-
emitting-diodes. The illumination light is absorbed by the allergen assay, which is activated within the
tubes, causing an intensity change in the acquired images by the cellphone camera. These transmission
images of the sample and control tubes are digitally processed within 1 s using a smart application running
on the same cellphone for detection and quantification of allergen contamination in food products. We
evaluated the performance of this cellphone-based iTube platform using different types of commercially
available cookies, where the existence of peanuts was accurately quantified after a sample preparation
and incubation time of y20 min per test. This automated and cost-effective personalized food allergen
testing tool running on cellphones can also permit uploading of test results to secure servers to create
personal and/or public spatio-temporal allergen maps, which can be useful for public health in various
settings.

Introduction

Food allergy is an emerging public concern, affecting as many
as 8% of young children and 2% of adults, especially in
developed countries.1–3 Allergic reactions might be life-
threatening by inducing e.g., respiratory and gastrointestinal
symptoms, systemic, cutaneous and fatal reactions, which can
even be triggered by small traces of food allergens.3–6 Although
the food consumer protection act7 ensures the safety of the
allergic individuals by labelling pre-packaged food with a list
of potential allergen-related ingredients, there still might be
hidden amounts of allergens in processed food due to possible
cross-contamination occurring in the processing, manufactur-
ing and transportation of food samples.8–11 Toward detection
of such hidden allergens in food products, numerous
analytical methods have been developed, including the ones
that are based on polymerase chain reaction (PCR),12 mass
spectroscopy,13 antibody-based immunoassays,14 surface-plas-
mon-resonance (SPR) biosensors,15 array immunoassays,16

electrochemical immunosensors17 and others.18 These exist-

ing approaches have achieved very high sensitivities; however,
they are relatively complex and require bulky equipment to
perform the test, making them less suitable for personal use in
public settings.

To provide an alternative solution to this important need,
here we demonstrate a personalized allergen testing platform
(termed iTube) running on a smart phone, which utilizes a
sensitive colorimetric assay processed in test tubes for specific
detection and quantification of allergens in food products (see
Fig. 1). This iTube platform, weighing approximately 40 grams,
images the test tube along with a control tube using a cost-
effective opto-mechanical attachment to the cellphone camera
unit. This attachment is composed of an inexpensive plastic
plano-convex lens, two light-emitting diodes (LEDs), two light
diffusers, and circular apertures to spatially control the
imaging field-of-view. The test and control tubes, once
activated with an allergen-specific sample preparation and
closed with lids, are then inserted into this attachment from
the side where the transmission intensities for each tube are
acquired using the cellphone camera (see Fig. 1). These tube
images are then digitally processed within one second through
a custom-developed smart application running on the cell-
phone for quantification of the amount of allergen present in
the sample, as illustrated in Fig. 2.

Compared to visual inspection of the same tube assay by
the human eye, a separate optical readout with its own
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