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Objectives. The aim of this study was to evaluate the component-resolved diagnosis using a microarray allergen chip (Im-
muno Solid-phase Allergen Chip, ImmunoCAP ISAC) and to compare this new diagnostic tool with the established
ImmunoCAP methods for allergen-specific IgE detection in allergic rhinitis patients.

Methods. One hundred sixty-eight allergic rhinitis patients were included in this study. All the patients were diagnosed with
allergic rhinitis according to their clinical symptoms, physical examination and a positive skin prick test. We analyzed
their specific IgEs for house dust mites (Dermatophagoides farine [DF] and Dermatophagoides pteronyssinus [DP]),
Alternaria alternata, birch, and mugwort using ImmunoCAP and ImmunoCAP ISAC in the same patient sample. We
compared the sensitivity and correlation between the two tests.

Results. In cases of allergies to DP and DF, the sensitivity of the specific IgE was 80% and that of the allergen microarray
was 78.9%.The correlation between the two tests was significant for both DP and DF (P<0.001). For the A. alternata,
birch and mugwort allergens, the sensitivity of InmunoCAP ISAC was slightly lower than that of ImmunoCAP.

Conclusion. These results suggest that the allergen microarray chip method is a reliable new method to diagnose the com-
ponents of an allergen in patients with allergic rhinitis sensitive to house dust mites. Further study about the utility of

the allergen microarray is needed.

Keywords. Allergic Rhinitis; Specific IgE; Microarray

INTRODUCTION

Molecule-based diagnosis has improved the clinical utility of al-
lergy tests. Recently, the component-resolved allergen microar-
ray chip technique was introduced to the molecule-based diag-
nostic allergology field. In contrast to the traditional specific IgE

* Received February 3, 2015
Revised September 11, 2015
Accepted September 30, 2015

« Corresponding author: SeonTae Kim
Department of Otolaryngology-Head & Neck Surgery, Gachon University
Gil Medical Center, Gachon University of Medicine and Science,
21 Namdong-daero 774beon-gil, Namdong-gu, Incheon 21565, Korea
Tel: +82-32-460-3764, Fax: +82-32-467-9044
E-mail: rhinokim2002@hanmail.net

assays, this method does not use whole extracts from allergens
but instead uses multiple purified natural and recombinant al-
lergen components spotted onto a microarray plate [1]. The old-
er specific IgE test can detect only one allergen even though a
patient may be sensitized to multiple allergens. However, the
microarray technique can be used to determine specific IgEs
against multiple allergens simultaneously and even allow the
determination of the IgMs and IgGs at the same time. It also ex-
plains the cross reactions between allergens by confirmation of
the cross-reactive allergen [2].

The Immuno Solid-phase Allergen Chip (ImmunoCAP ISAC,
Phadia, Uppsala, Sweden) is a commercially available microar-
ray-based IgE detection chip. It allows for the measurement of
specific IgE antibodies to 112 allergen components of 46 major
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allergens in a single measurement with a minimal amount of
blood or serum (30 pL) for testing, and thus this technique of-
fers opportunities to establish individual allergy profiles [3-6].
The sequential screening of the components of one or more al-
lergens with a library has been used to diagnose several food al-
lergies [7-9]. This microarray allergen chip has recently been in-
troduced into clinical allergologic research as this tool will hope-
fully be useful for the measurement of serum IgEs in allergic pa-
tients with atopic dermatitis [10,11].

However, there have been few studies on the clinical utility of
a microarray allergen chip test for allergic rhinitis patients. There-
fore, the aim of this study was to evaluate the InmunoCAP
ISAC and compare it with the established method of Immuno-
CAP IgE detection.

MATERIALS AND METHODS

Patients

One hundred sixty-eight allergic rhinitis patients were included
in this study. All patients were adults over 18 years old. All the
patients were diagnosed with allergic rhinitis by their clinical
symptoms, physical examination and a positive skin prick test.
The wheal reaction was greater than 3+. Ninety-five patients
were allergic to house dust mites (Dermatophagoides farine
[DF] and Dermatophagoides pteronyssinus [DP]), 23 were al-
lergic to the fungus Alternaria alternata, 23 were allergic to
birch, and 26 were allergic to mugwort. The mean age of the pa-
tients was 26.61£10.2 years old. The male to female ratio was
113:53. This study was approved by the Institutional Review
Board of Gachon University Gil Medical Center.

Methods

Skin prick test

A skin prick test was performed (Allergen kit, Allergopharma,
Reinbek, Germany). The allergic reaction was defined as posi-
tive when the weal reaction exceeded 3+.

Laboratory analysis: specific IgE and allergen microarray
immunoassay

We analyzed the presence of specific IgEs using ImmunoCAP
for house dust mites (DP and DF), A. alternata (m6), birch
(Betula verrucosa) (t3), and mugwort (Artemisia vulgaris) (w6).
A positive value was defined when the level of allergen-specific
IgE was greater than 0.34 kU/L.

To define the allergen components, we used a microarray-
based IgE detection chip, the Immuno Solid-phase Allergen
Chip (ImmunoCap ISAC ver. CRD-50, VBC Genomics Biosci-
ence Research GmbH, Vienna, Austria) according to the manu-
facturer’s instructions [5]. This microarray chip allows the mea-
surement of 112 allergen components of 46 allergens. Therefore,
we selected the major components of house dust mites (nDer p

1, nDer p 2, nDer p 10, nDer f 1, and nDer f 2), birch (rBet v 1
and rBet v 4), mugwort (nArt v 1 and nArt v 3), and Alternaria
(rAltal and rAlta6). A positive value was defined when the
ISAC standardized units (ISU) were greater than 0.3.

The recommended method for the allergen microarray is as
follows. The purified natural and recombinant allergen compo-
nents were spotted on the allergen microarray chip. After incuba-
tion with 20-uL undiluted serum from allergic patients for 180
minutes at room temperature in the humid chamber, slides were
rinsed and washed for 15 minutes in TBS-T (TBS-T buffer, 150
mM sodium chloride, 10 mM Tris base, and 0.5% Tween 20, pH
8.0), for 5 minutes in deionized water and dried. To detect bound
IgE antibodies, allergen chips were incubated for 60 minutes at
room temperature with 20 pL of a fluorescence-labelled antihu-
man IgE antibody. After a rinsing and washing procedure, the
slides were dried completely. The slides were scanned with a la-
ser scanner (LuxScan 10K, CapitalBio, Beijing, China). The anal-
ysis of the microarray image data was performed with Immuno-
CAP ISAC Xplain (Phadia).

Statistical analysis

The reliability between the specific IgE and the allergen micro-
array immunoassay was analyzed with a Kappa value. The cor-
relation efficiency between the specific IgE and allergen micro-
array immunoassays was analyzed by a Pearson correlation test.

RESULTS

House dust mites

In cases of allergy to DP or DF, the sensitivity of the specific IgE
to skin prick test was 80%, and that of the allergen microarray
was 78.9%.

The agreement rate between the specific IgE and allergen mi-
croarray 98.6% (positive number in allergen microarray/posi-
tive number in specific IgE, 75/76). The Kappa value was 0.774
(Fig. 1A). The sample correlation coefficient for nDer p 1 was
0.61, and the P-value was <0.001 (Fig. 2A). The sample correla-
tion coefficient for nDer p 2 was 0.70, and the P-value was
<0.001 (Fig. 2B). The sample correlation coefficient for nDer f 1
was 0.59, and the P-value was <0.001 (Fig. 2C). The sample
correlation coefficient for nDer f 2 was 0.55, and the P-value
was <0.001 (Fig. 2D).

Fungus, birch, and mugwort

In cases of A. alternata (m6), the sensitivity of the specific IgE
was 91.3%, and that of the allergen microarray was 76.9%.The
agreement rate between the specific IgE and allergen microarray
47.6% (positive number in allergen microarray/positive number
in specific IgE, 10/21). The Kappa value was 0.551 (Fig. 1B). In
cases of birch (B. verrucosa) (t3), the sensitivity of the specific
IgE was 86.9%, and that of the allergen microarray was 43.6%.
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Fig. 1. The comparison of sensitivity. (A) The specific IgE and allergen-microarray to Dermatophagoides farine and Dermatophagoides pteron-
yssinus. The sensitivity of the specific IgE was 80%, and that of the allergen-microarray was 78.9%. The Kappa value was 0.774. (B) The spe-
cific IgE and allergen microarray to fungus. The sensitivity of the specific IgE was 91.3%, and that of the allergen microarray was 76.9%. The
Kappa value was 0.551. (C) The specific IgE and allergen microarray to tree pollen. The sensitivity of the specific IgE was 86.9%, and that of
the allergen microarray was 43.6%. The Kappa value was 0.511. (D) The specific IgE and allergen microarray to weed pollen. The sensitivity
of the specific IgE was 92.3%, and that of the allergen-microarray was 69.2%. The Kappa value was 0.670.

The agreement rate between the specific IgE and allergen micro-
array 50% (positive number in allergen microarray/positive
number in specific IgE, 10/20). The Kappa value was 0.511 (Fig.
1C). In cases of allergy to mugwort (Artemisia vulgaris) (w6),
the sensitivity of the specific IgE was 92.3%, and that of the al-
lergen microarray was 69.2%.The agreement rate between the
specific IgE and allergen microarray 50% (positive number in
allergen microarray/positive number in specific IgE, 18/24). The
Kappa value was 0.670 (Fig. 1D).

DISCUSSION

The findings of this study demonstrate that the results of the
ISAC were comparable with the results of the traditional Immu-
noCap IgE detection for house dust mites. However, in cases of
A. alternata, birch and mugwort, the ISAC was less sensitive

than the allergen-specific IgE detection method.

Microarray testing for allergen-specific IgEs can be presumed
to be the method of choice for a prospective component-re-
solved diagnosis of type I allergy [12]. There is still controversy
about the sensitivity of this microarray method compared with
traditional IgE tests. The ISAC is known to have higher variabili-
ty when the serum IgE level is low. Variable results in the analy-
sis of certain allergens and some limitations in the types of aller-
gen sources have also been shown [13]. The microarray has a
good dynamic range, similar to that of the CAP/RAST system.
The microarray and UniCAP showed comparable analytical sen-
sitivity, exceeding the skin test [12]. A comparison of these two
tests revealed that they were equally relevant in the diagnosis of
patients allergic to grass, birch and cats. However, the microar-
ray is slightly less sensitive for the diagnosis of house dust mite-
allergic patients and less sensitive in mugwort allergies [14]. The
ISAC CRD103 and whole-allergen CAP showed similar high
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Fig. 2. The correlation of specific IgE vs. ImmunoCAP ISAC. (A) The specific IgE to Dermatophagoides pteronyssinus (DP) and nDer p 1. The
correlation coefficient for nDer p 1 was 0.61, and the P-value was <0.001. (B) The specific IgE to DP and nDer p 2. The correlation coefficient
for nDer p 2 was 0.70, and the P-value was <0.001. (C) The specific IgE to Dermatophagoides farine (DF) and nDer f 1. The correlation coeffi-
cient for nDer f 1 was 0.59, and the P-value was <0.001. (D) The specific IgE to DF and nDer f 2. The correlation coefficient for nDer f 2 was

0.55, and the P-value was <0.001. ISU-E, ISAC standardized unit.

sensitivity and specificity in diagnosing grass and cypress pollen
allergies [15]. A comparison of the ISAC with the ImmunoCAP
250 revealed that the concordance rate was 78.65% and that
the concordance rate was 93.75% for negative results. No non-
specific binding was observed [16]. In the nDer p 1, nDer p 2,
and nDer p 10 analyses, the InmunoCAP and ISAC were con-
cordant, but the quantitative correlation was poor [17]. There
was no clinical implication for this difference. The reproducibility
of the ISAC was good. The positive percent agreement varied
between 75% and 100% for sIgE levels above 1 kUA/L [18].
Our results showed that the two tests have almost the same sen-
sitivity for house dust mites. However, the ISAC sensitivity was
very low for A. alternata, birch, and mugwort compared with
the results of previous studies. We believe that the ImmunoCAP
has included all the components of the allergen extracts; howev-
er, the ISAC has included some limited types of components
from one allergen source. These allergen components might sug-
gest a lower sensitivity in the ISAC compared with the Immu-
noCAP.

In the ImmunoCAP ISAC tests, the IgE antibody levels are
reported in 4 levels using the ISU-E, which contrasts with the
kU/L measurements in the ImmunoCAP with 6 classes. This dif-
ference in the measurement units with the same IgE levels might
influence the interpretation of a positive level between the two
tests. A component-resolved allergy diagnosis with recombinant
allergens reveals that the IgE reactivity profiles to individual
birch pollen allergens vary among European populations [19].
Our results might distinguish the characteristics of the Korean
people with this microarray chip test.

Recently, the WAO-ARIA-GALEN consensus document on
molecule-based allergy (MA) diagnostics provided a practical
guideline for MA diagnostics. One of the most important impli-
cations of an MA diagnosis is its ability to distinguish genuine
sensitization from sensitization due to cross-reactivity [13].

In contrast, a microarray allergen chip can be the parameter
that decides whether to start immunotherapy or to monitor the
effects of immunotherapy. An MA diagnosis distinguishes the
major allergens between ragweed and mugwort pollen allergies



Jung JH et al. Component-Resolved Diagnosis by Using Microarray 389

and has also shown extensive cross-reactivity for both groups.
Therefore, it provides the major allergen information for the ap-
propriate immunotherapy [20]. Some authors have reported that
immunotherapy for house dust mite allergies seems less efficient
than immunotherapy with pollen allergens and that the treat-
ment for house dust mite allergies has a high rate of side-effects
[21,22]. The microarray allergen chip includes purified major al-
lergens (i.e., nDer p 1, nDer p 2, nDer f 1, and nDer f 2), which
are major components of the immunotherapy therapeutic aller-
gen extracts [23,24]. Therefore, using the microarray allergen
chip, a clinician can identify the patients suitable for immuno-
therapy with a nDer p/nDer f extract. In cases of patients with
broad-reactive components such as nDer p 10, the immunother-
apy for house dust mite may have less effect on those patients
[24]. In addition, the microarray allergen chip can be used to
monitor the effects of immunotherapy. With a minimal amount
of blood or serum, the changing levels of allergen-specific IgGs
after immunotherapy can be evaluated. However, further large-
scale studies are needed before the allergen microarray can be
used in daily clinical practice.

In conclusion, the results of this study suggest that the aller
gen microarray is a reliable method to diagnose allergic rhinitis
to DP and DF. Further study on the utility of the allergen micro-
array is needed.

CONFLICT OF INTEREST

No potential conflict of interest relevant to this article was re-
ported.

REFERENCES

1. Harwanegg C, Laffer S, Hiller R, Mueller MW, Kraft D, Spitzauer S,
et al. Microarrayed recombinant allergens for diagnosis of allergy.
Clin Exp Allergy. 2003 Jan;33(1):7-13.

2. Ferrer M, Sanz ML, Sastre J, Bartra J, del Cuvillo A, Montoro J, et al.
Molecular diagnosis in allergology: application of the microarray
technique. J Investig Allergol Clin Immunol. 2009;19 Suppl 1:19-24.

3. Mothes N, Valenta R, Spitzauer S. Allergy testing: the role of recom-
binant allergens. Clin Chem Lab Med. 2006;44(2):125-32.

4. Lidholm J, Ballmer-Weber BK, Mari A, Vieths S. Component-re-
solved diagnostics in food allergy. Curr Opin Allergy Clin Immunol.
2006 Jun;6(3):234-40.

5. Ebo DG, Bridts CH, Verweij MM, De Knop KJ, Hagendorens MM,
De Clerck LS, et al. Sensitization profiles in birch pollen-allergic pa-
tients with and without oral allergy syndrome to apple: lessons from
multiplexed component-resolved allergy diagnosis. Clin Exp Allergy.
2010 Feb;40(2):339-47.

6. Shreffler WG. Microarrayed recombinant allergens for diagnostic
testing. J Allergy Clin Immunol. 2011 Apr;127(4):843-9.

7. Vereda A, Andreae DA, Lin J, Shreffler WG, Ibanez MD, Cuesta-
Herranz J, et al. Identification of IgE sequential epitopes of lentil
(Len ¢ 1) by means of peptide microarray immunoassay. J Allergy

Clin Immunol. 2010 Sep;126(3):596-601.€1.

8. Cerecedo I, Zamora J, Shreffler WG, Lin J, Bardina L, Dieguez MC,

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

et al. Mapping of the IgE and IgG4 sequential epitopes of milk aller-
gens with a peptide microarray-based immunoassay. J Allergy Clin
Immunol. 2008 Sep;122(3):589-94.

. Ott H, Baron JM, Heise R, Ocklenburg C, Stanzel S, Merk HF, et al.

Clinical usefulness of microarray-based IgE detection in children
with suspected food allergy. Allergy. 2008 Nov;63(11):1521-8.

Lin J, Bardina L, Shreffler WG. Microarrayed allergen molecules for
diagnostics of allergy. Methods Mol Biol. 2009 Feb;524:259-72.
Wohil S. The potential of allergen biochips. Recent Pat Inflamm Al-
lergy Drug Discov. 2008 Nov;2(3):186-90.

Jahn-Schmid B, Harwanegg C, Hiller R, Bohle B, Ebner C, Scheiner
O, et al. Allergen microarray: comparison of microarray using re-
combinant allergens with conventional diagnostic methods to detect
allergen-specific serum immunoglobulin E. Clin Exp Allergy. 2003
Oct;33(10):1443-9.

Canonica GW, Ansotegui 1J, Pawankar R, Schmid-Grendelmeier P,
van Hage M, Baena-Cagnani CE, et al. A WAO - ARIA - GA2LEN
consensus document on molecularbased allergy diagnostics. World
Allergy Organ J. 2013 Oct;6(1):17.

Wohrl S, Vigl K, Zehetmayer S, Hiller R, Jarisch R, Prinz M, et al. The
performance of a component-based allergen-microarray in clinical
practice. Allergy. 2006 May;61(5):633-9.

Cabrera-Freitag P, Goikoetxea MJ, Beorlegui C, Gamboa P, Gasta-
minza G, Fernandez-Benitez M, et al. Can component-based micro-
array replace fluorescent enzimoimmunoassay in the diagnosis of
grass and cypress pollen allergy? Clin Exp Allergy. 2011 Oct;41(10):
1440-6.

Gadisseur R, Chapelle JP, Cavalier E. A new tool in the field of in-
vitro diagnosis of allergy: preliminary results in the comparison of
ImmunoCAP®© 250 with the ImmunoCAPO© ISAC. Clin Chem Lab
Med. 2011 Feb;49(2):277-80.

Bronnert M, Mancini J, Birnbaum J, Agabriel C, LiabeufV, Porri F, et
al. Component-resolved diagnosis with commercially available D.
pteronyssinus Der p 1, Der p 2 and Der p 10: relevant markers for
house dust mite allergy. Clin Exp Allergy. 2012 Sep;42(9):1406-15.
Wulfert F, Sanyasi G, Tongen L, Watanabe LA, Wang X, Renault NK,
et al. Prediction of tolerance in children with IgE mediated cow’s
milk allergy by microarray profiling and chemometric approach. J
Immunol Methods. 2012 Aug;382(1-2):48-57.

Movérare R, Westritschnig K, Svensson M, Hayek B, Bende M, Pauli
G, et al. Different IgE reactivity profiles in birch pollen-sensitive pa-
tients from six European populations revealed by recombinant al-
lergens: an imprint of local sensitization. Int Arch Allergy Immunol.
2002 Aug;128(4):325-35.

Gadermaier G, Wopfner N, Wallner M, Egger M, Didierlaurent A,
Regl G, et al. Array-based profiling of ragweed and mugwort pollen
allergens. Allergy. 2008 Nov;63(11):1543-9.

Bousquet J, Michel FB. Specific immunotherapy in asthma. Allergy
Proc. 1994 Nov-Dec;15(6):329-33.

Mellerup MT, Hahn GW, Poulsen LK, Malling H. Safety of allergen-
specific immunotherapy. Relation between dosage regimen, allergen
extract, disease and systemic side-effects during induction treat-
ment. Clin Exp Allergy. 2000 Oct;30(10):1423-9.

Meyer CH, Bond JF, Chen MS, Kasaian MT. Comparison of the lev-
els of the major allergens Der p I and Der p II in standardized ex-
tracts of the house dust mite, Dermatophagoides pteronyssinus. Clin
Exp Allergy. 1994 Nov;24(11):1041-8.

Pittner G, Vrtala S, Thomas WR, Weghofer M, Kundi M, Horak F, et
al. Component-resolved diagnosis of house-dust mite allergy with
purified natural and recombinant mite allergens. Clin Exp Allergy.
2004 Apr;34(4):597-603.



