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Abstract

Background: ImmunoCAP ISAC 112, is a commer-
cially available molecular allergy IgE multiplex test.
Data on the comparison of this rather novel test
with extract-based as well as molecular Immuno-
CAP singleplex IgE tests is missing.

Objective: To perform a comparison between the
ISAC multiplex IgE assay and the ImmunoCAP
singleplex test results.

Methods: Serum samples of 101 adults with grass
pollen allergy were analysed for sIgE to 112 aller-
genic molecules represented on the ISAC test as well
as to common atopy-related extract-based allergy
tests with the ImmunoCAP System (house dust
mite [d1], cat [el], dog [e5], cow’s milk [f2], hen’s egg
[f1], hazelnut [f17], celery [f85], Alternaria alternate
[m6], as well as pollen from birch [t3], hazel [t4],
mugwort [w6], and ragweed [w1]). Subsequently sta-
tistical analysis was performed with the Spearman
rank correlation test and the Clopper-Pearson

Introduction

Recently, a WAO-ARIA-GAZLEN consensus docu-
ment [1] was published with the aim to provide the
clinician with a practical guide regarding the indi-
cations, determination, and interpretation of mo-
lecular allergy diagnostics (MA). Currently more
than 130 allergenic molecules are available for in-

method in order to compare the ISAC multiplex
results with the sIgE singleplex results.

Results: The positive percent agreements (PPA) and
negative percent agreement (NPA) of correspond-
ing allergens between the ISAC sIgE test and the ex-
tract-based singleplex ImmunoCAP results at cut-
off 0.1 kUA/1 varied between 60-100 % for PPA and
78-97 % for NPA.

Conclusion: When taking into account correspond-
ing allergens molecular testing with the ISAC multi-
plex test correlates well with ImnmunoCAP single-
plex results.
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vitro specific immunoglobulin E (sIgE) testing
which can be performed on singleplex or multiplex
measurement platforms. In this consensus docu-
ment MA is recommended as subordinate diagnos-
tic (third line-diagnostic), if medical history and ex-
tract-based IgE tests, as conventional allergen tests
(in-vitro sIgE or skin prick test) are inconclusive.
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This application as third-line diagnostic in difficult
cases leads to the frequent clinical situation, where
previous extract-based IgE test results, such as to
birch pollen extract, are related to the outcome of
subsequent MA testing, e. g. to the allergenic mole-
cule Bet v 1. This approach is complicated due to the
fact that IgE results cannot easily be compared
between different assay manufacturers [2, 3] and
across different analytical platforms. Studies ad-
dressing the latter have compared the Immuno-
Solid phase Allergen Chip (ImmunoCAP® ISAC),
with the InmunoCAP” singleplex tests (both Ther-
mo Fisher Scientific, Uppsala, Sweden) [4, 5, 6, 7, 8,
9, 10, 11, 12]. However, these studies concerned pre-
vious versions of the ISAC test and are not available
for the current version with 112 allergens which was
brought to market in 2011. For this version only an
assessment of test performance is published to date.

It was therefore the aim of this study to perform
a comparison between the current version of the
ISAC multiplex and the ImmunoCAP singleplex
IgE test to provide the practitioner with informa-
tion on how to best interpret sIgE results as basis for
the appropriate clinical conclusions.

Methods

Patients and study design

In this study, sera from 101 adults with allergic
rhinoconjunctivitis and diagnosed allergy to timo-
thy grass pollen (median age 27 years; 58.4% fe-
males) were analyzed. Inclusion criteria for the
study were a serum level of IgE against timothy
grass pollen (Phleum pratense) = 0.35 kKUA/l and a
positive history of grass pollen allergy. Concomitant
disease, previousorongoingspecificimmunotherapy
(SIT) or pregnancy were exclusion criteria. More de-
tails on the data set of this study population were
published previously [14, 15].

An informed consent was obtained from all sub-
jects before participating in the study. The study
protocol was approved by the local ethics commit-
tee prior to the initiation of the study and is in line
with the declaration of Helsinki in its latest revision.

IgE Analysis
IgE analysis of serum samples was performed (A)
traditional extract-based singleplex-testing with the
ImmunoCAP system and (B) with the molecular
multiplex test InmunoCAP® ISAC 112 (both Ther-
mo Fisher Scientific, Uppsala, Sweden).
A.ImmunoCAP singleplex testing was carried out ac-
cording to the manufacturer’s guidelines. The quan-
titation range for sIgE spans from 0.1 to 100 KUA/L
and the mean coeflicient of variation (CV) is stated
as 4% both inter- and intraassay for values between
0.35bis 1.5 kKUA/L (www.dfu.phadia.com under “al-
ternative search” / ImmunoCAP Specific IgE 0-100).

Allergo J Int 2015; 24: 46-53

sIgE was measured with ImmunoCAP singleplex
(A) against the following common atopy-related
allergens: house dust mite Dermatophagoides
pteronyssinus (d1), cat (el), dog (e5), cow’s milk
(£2), hen’s egg (f1), hazelnut (f17), celery (£85), Al-
ternaria alternate (m6), as well as pollen from
birch (t3), hazel (t4), mugwort (w6), and ragweed
(wl).

B.ISAC 112 is a solid-phase immunoassay that al-
lows the simultaneous sIgE detection against 112
allergenic molecules from 51 different allergenic
sources was performed as described elsewhere
[13]. The measuring range spans from 0.3 to 100
ISU-E and the limit of detection (LoD) is < 0.3
ISU-E for all allergenic molecules. The CV per
component within and between ISAC assays is 14
and 8 % respectively for values ranging from 0.3
to 1.0 ISU-E. The ISAC test (B) was used to analyse
all patient samples yielding in total 11,312 test re-
sults (= 101 samples x 112 allergenic molecules on
ISAC) which are all based on triplicate measure-
ments due to the setup of the allergen chip.

Comparison of ISAC multiplex test vs.
singleplex sIgE tests
In order to investigate if molecular ISAC-analysis
identifies samples, which were tested positive in the
corresponding extract-based singleplex Immuno-
CAP test the results of both methods were com-
pared.

For this purpose the ISAC allergenic molecules
jointly corresponding to the allergen extract, e.g.

Abbreviations

CCcD Cross-reactive carbohydrate determinant
Cl Confidence interval

cv Coefficient of variation

IgE Immunglobulin E

ISAC Immuno solid-phase allergen chip
ISU ISAC standardized unit

ISU-E ImmunoCAP specific IgE

kUA Kilounits (corresponding allergens)
LoD Limit of detection

MA Molecular allergy diagnostics

NPA Negative percent agreement

PPA Positive percent agreement

SD Standard deviation

slgE Specific Immunglobulin E

SIT Specific Immunotherapy
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hazel pollen t4, were identified and the ISU-E val-
ues summed up, e.g. rCor a 1.0101 (PR 10-protein)
+ rBet v 2 (profilin) + rBet v 4 (polcalcin) + MUXF3
(CCD), and the results compared to the extract-
based test. As shown in the example of the hazel
pollen extract, in addition to the hazel pollen al-
lergen represented on the chip (rCor a 1.0101) also
homologue cross-reactive allergens were included
for the analysis as substitutes (e.g. rBet v 2 and
rBet v 4). This option was chosen if the correspond-
ing allergens from this particular allergenic source
were not represented on the ISAC, which would be
the profilin and polcalcin from hazel pollen in this
case. The same holds true with regard to all ex-
tract-based pollen tests such as mugwort pollen
(w6), for which the highly cross-reactive profilin
and polcalcin were included in the analysis as well.
The cross-reactive carbohydrate (CCD) marker
MUXF3 was included in the panel for all allergen
correlations from the plant kingdom (i. e. foods
and pollen). For the house dust mite Dermatopha-
giodes pteronyssinus Der p 2 and Der p 10 where
added to Der p 1 to resemble the house dust mite
extract d1. An overview of the ISAC-allergens cor-
responding to the individual allergen extracts is
shown in Tab. 1.

Only ImmunoCAP extract-based tests with at
least 20 positive results out of the 101 individuals
tested were included in the analysis. Based on this
inclusion criterion the analysis was performed for
g6, t3, t4, w6, d1, el, f17, {85, while the following
were excluded: ragweed (wl), dog (e5), the Alternaria
alternate (m6), hen’s egg (f1), cow’s milk (2).

Statistical analysis
The statistical analysis was performed in order to
compare the sIgE results of the ISAC multiplex test
with the outcome of the singleplex assays on the ex-
tract-based level. The aim was to test if a sensitized
patient could be detected with the limited number
of allergenic molecules on the ISAC. For the calcu-
lation all values below the ISAC LoD of 0.3 ISU-E
were set to zero and values above that level were
considered as positive with regard to the given
allergen. The ISAC outcome was then correlated
using rank based analysis (p) to the results of the
extract-based tests at different levels. As cutoff the
values 0.1 kU/I and 0.35 kU/1 were used as well as
1 kU/1, which was proposed in an earlier investiga-
tion [7] (Tab. 2). Based on this correlation the per-
centage of patients showing sensitizations in both
methods to the corresponding allergens resp. ex-
tracts was calculated as the positive percent agree-
ment (PPA) which is shown in Tab. 1 for the different
cutoffs.

In addition, the negative percent agreement
(NPA) was calculated as the percentage of patient

showing no sensitization in ISAC at 0.3 ISU-E out
of all individuals who were negative in the extract-
based sIgE-test at 0.1 kUA/], 0.35 kUA/land 1 kUA/1
respectively.

To calculate confidence intervals for the respec-
tive PPA and NPA values, the two sided Clopper-
Pearson method (assuming beta distributions of
probabilities) was used to calculate the respective
confidence intervals assuming a beta distribution
of the respective probabilities (Tab. 1).

Results

Extract based-sIgE test results

Besides timothy pollen the patients were most fre-
quently sensitized to birch, hazel, Dermatophagoi-
des pteronyssinus and mugwort. On average, a sen-
sitization to 5.5 of the 13 tested extract-based al-
lergens was detected in the study collective (SD
3.1, range 1-10). Additional information regarding
the prevalence of sensitizations in this cohort was
published earlier and can be assessed online as
supporting information via entering the search
term “doi: 10.1111/cea” in an internet browser [14].

Comparison of ISAC multiplex test vs. molecular
singleplex sigE tests
In order to compare the ISAC analysis with the ex-
tract-based sIgE test results the individual allergenic
molecules contributing to an allergen extract were
defined as explained above and are displayed in
Tab. 1. For each extract-based ImmunoCAP test the
corresponding ISAC allergens are listed in the re-
spective column. The NPA and PPA (with 95% CI)
between the relevant ISAC allergens and the ex-
tract-based IgE tests are shown for the different cut-
off values in Tab. 1. The calculations are based on
the data of 101 patients and indicated values be-
tween 60-100 % for the PPA and up to 97 % for the
NPA respectively.

The correlations are displayed graphically in
Fig 1. a-h. All correlations are statistically signifi-
cant (p<0.0001).

Discussion

This is the first study which compares the ISAC 112
multiplex with the InmunoCAP singleplex test in
regard to extract-based as well as molecular in vitro
sIgE analysis.

The main findings are: the correlation analysis re-
vealed the ISAC test to be closely correlated to the
ImmunoCAP singleplex results for the correspond-
ing molecular allergens. The sum of the sIgE-values
to the single allergens is slightly higher than the re-
sults of the extract-based tests. Finally, our data in-
dicates that the test results from ISAC and Immuno-
CAP singleplex are not interchangeable due to the
different technologies applied. Even though close

Allergo J Int 2015; 24: 46-53



Tab. 1: Negative Percent Agreement (NPA) and Positve Percent Agreement (PPA) of the
extract-based ImmunoCAP sIgE test compared to the corresponding allergens on the ImmunoCAP

ISAC test (with 95% CV; n = 101).

Allergen Immuno- ImmunoCAP  NPAISAC NPA ISAC NPA ISAC PPA ISAC PPA ISAC PPA ISAC
CAP ISAC 0,31SU 0,31ISU 0,3I1SU 0,3ISU 0,31SU 0,31SU
112 allergens slgE slgE slgE slgE slgE slgE
0.1 kUA/I 0.35kUA/I 1 kUA/I 0.1 kUA/I 0.1 kUA/I 0.35 kUA/I
(with95%  (with95%  (with95%  (with95% (with95% (with 95%
(d)] Cl) Cl) Cl) (d)] (d)]
Timothy g6 Phlp1,2,4,5 n/a n/a 0.00 1.00 1.00 1.00
6,7,11,12, (0.00-0.35) (0.97-1.00) (0.97-1.00) (0.97-1.00)
MUXF3
Birch 3 Betv 1,2, 4, 0.81 0.67 0.59 0.91 0.91 0.94
MUXF3 (0.61-0.93) (0.49-0.81) (0.43-0.72) (0.83-0.96) (0.83-0.96) (0.86-0.98)
Hazel pollen 4 Cora 1.010, 0.93 0.85 0.77 0.86 0.86 0.92
Betv 2,4, (0.78-0.99) (0.69-0.94) (0.62-0.86) (0.77-0.93) (0.77-0.93) (0.84-0.97)
MUXF3
D. pteronys- di Derp1,2,10 0.89 0.83 0.80 0.60 0.60 0.64
sinus (0.75-0.96) (0.71-0.92)  (0.69-0.88) (0.48-0.72) (0.48-0.72) (0.51-0.77)
Cat el Feld1,2,4 0.93 0.87 0.77 0.82 0.82 0.94
(0.83-0.98) (0.76-0.94) (0.66-0.85) (0.70-0.92) (0.70-0.92) (0.82-0.99)
Mugwort w6 Artv 1,3, 0.97 0.84 0.69 0.68 0.68 0.74
Betv2,Phlp  (0.87-1.00) (0.71-0.92) (0.57-0.77) (0.57-0.79) (0.57-0.79) (0.61-0.86)
7, MUXF3
Hazelnut f17 Cor a 1.040, 0.78 0.61 0.53 0.91 0.91 0.90
Betv2,Cora (0.62-0.90) (0.46-0.75) (0.40-0.64) (0.82-0.96) (0.82-0.96) (0.81-0.97)
8, MUXF3
Celery 85 Apig1, 0.92 0.81 0.66 0.68 0.68 0.80
Betv 2, (0.79-0.98) (0.68-0.90) (0.5-0.75)  (0.57-0.79) (0.57-0.79) (0.67-0.90)
MUXF3

CV, coefficient of variation; IgE, Inmunglobulin E; ISAC, immuno solid-phase allergen chip; ISU, ISAC standardized unit; Cl, confidence interval; kUA,

Kilounits (corresponding allergens)

correlations could be found these have to be consid-
ered at the individual allergen level and do not allow

defining a general factor for transferring test results

from one method to the other.

MA is increasingly used in clinical routine world-
wide providing enhanced diagnostic depth in addi-
tion to conventionally extract-based sIgE-testing.
Especially in food allergy as well as prior to specific
immunotherapy in polysensitized individuals with
pollinosis an added diagnostic value of MA could
be shown promoting its use in clinical routine [9, 16,
17, 18]. Corresponding to the rising use there is a
growing need for information on the right applica-
tions and how to correctly interpret MA results.

These issues are addressed by the WAO-ARIA-
GAZLEN consensus document [1] which provides a
practical guide on when to use MA and what con-

Allergo J Int 2015; 24: 46-53

clusions to draw from the results. Regarding the se-
quence of the diagnostic steps the authors of the
document consider MA in general as a third-line
approach to be used in the case of inconclusive first-
and second-line investigations, which usually pro-
vide sufficient information in the majority of pa-
tients. For experienced users MA may be used at an
earlier stage and could be included in second-line
allergy testing. However, ISAC testing often repre-
sents a later diagnostic stage and is in general re-
served for challenging cases [1]. Due to this se-
quence of the diagnostic workup in allergy, ISAC
testing is usually performed as the last step and is
thus frequently compared to previous singleplex
MA tests. In the following we will therefore discuss
this topic in regard to the comparison of the ISAC
vs. the molecular singleplex InmunoCAP test.
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Tab. 2: Sensitization characteristics of patients with allergic rhinoconjunctivits (n = 101,
measurement with extract-based InmunoCAP singleplex IgE test).

sIgE (kUA/1) Mean (SD)
Timothy 20.0(25.5)
Birch 16.7 (29.6)
Dust mite 5.7(14.7)
Hazel pollen 10.7 (18.0)
Mugwort 0.7 (1.2)
Cat 1.6 (5.9)
Dog 1.7 (8.4)
Cow milk 0.1(0.1)
Egg 0.1(0.2)
Hazelnut 4.7 (10.8)
Celery 0.6(1.1)
Alternaria alternata 0.3(1.5)
Ambrosia 0.9 (2.1)

Median (range)
10.5(0.4-127)
3.0(0-181)
0(0-98)

2 (0-106)

0.3 (0-6)

0.1 (0-44)
0.2(0-82)
0(0-0.9)
0(0-1.4)

0.4 (0-61)

0.2 (0-8)
0.1(0-13)
0.3(0-17.3)

kU,, Kilounits (corresponding allergens); sIGE, specific Inmunglobulin E; SD, standard deviation

In almost all patients in whom an ISAC test is
applied to obtain data on the sIgE sensitization pro-
file previous extract-based testing, e.g. skin prick
testing or in-vitro sIgE-testing has been performed
already. Thus it is natural that these test results are
often compared to each other. In this situation cli-
nicians frequently get the impression, that there is
a discrepancy between the test results if the extract-
based test is positive, while all of the respective
allergenic molecules on the chip are negative or vice
versa. This issue is addressed in this study by com-
paring different technologies (multiplex vs. single-
plex), and diagnostic approaches (molecular vs. ex-
tract-based). Due to the underlying different meth-
odological backgrounds it is not surprising that dif-
ferences appear which may for example be caused
by ...

a. the triggering allergen not being present on the

ISAC,

b. the sensitivity of the ISAC is lower than for sin-
gleplex ImmunoCARP tests,

c. the native extract-based test is not identical to
the recombinant MA test, or

d. the triggering allergen is not or underrepresent-
ed in the allergen extract.

Within the scope of this study we tackle especially

the first of the issues mentioned: Obviously only

what is measured can be detected, in other words

if a sensitization to e.g. hazelnut (f17) is only due

to hazelnut profilin it will not be visible through

the hazelnut allergens represented on the chip be-
cause there is no hazelnut profilin on ISAC. This is
due to the fact that especially highly cross-reactive
allergens are not spotted on the ISAC from each
source available, but are represented through oth-
ers of the 112 selected allergens originating in to-
tal from 51 allergenic sources. Even though a wide
array of allergens are tested simultaneously with
the ISAC it is virtually impossible to cover all al-
lergens from all allergenic sources available which
could be causing sensitizations in the individual
patients. Therefore it is necessary to extrapolate
from one allergenic source to the other based on
protein homology, to extract the most diagnostic
information from the ISAC results. In the case of
the hazel nut profilin which is not present on the
ISAC other pollen profilins on the chip (Bet v 2
from birch, Phl p 12 from timothy grass and Mer
a 1 from Mercury pollen) represent good substitute
markers due the high degree of similarity between
all profilins from pollen, plant foods and latex.
This admittedly requires the clinician to have pro-
found knowledge of MA to make full use of such
an approach.

Based on these considerations for each of the ex-
tract-based tests performed in our study a good cor-
relation between the extract-based test and the
ISAC could be achieved in most of the cases: For the
PPA at the cutoff of 0.1 KUA/I values above 90 %
were obtained for timothy grass pollen, birch pol-

Allergo J Int 2015; 24: 46-53
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Fig. 1 a-h: Comparison of sIgE results obtained with the ImmunoCAP ISAC test with 8 extract-based ImmunoCAP

singelplex tests (n = 101).

len and hazelnut, while hazel pollen and cat were
still above 80 %, and only mugwort pollen, celery
and Dermatophagoides pteronyssinus resulted in the
range between 60-70 %. When analysing the PPA at

Allergo J Int 2015; 24: 46-53

the cutoff of 0.35 and 1.0 kKUA/I,

which might have

a higher clinical relevance then the sIgE-level of
0.1 KUA/L, five resp. six out of eight tests resulted in

values between 90 % and 100 %.
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Such a high PPA is also observed for hazelnut,
even though the hazelnut storage proteins, which
are major allergens in childhood, are missing on the
ISAC chip. This finding allows the conclusion, that
the storage proteins Cor a9 and Cor a 14 do not play
a major role in our collective of adult patients with
allergic rhinoconjunctivits without a history for all-
ergy to hazelnut.

In contrast to the above mentioned findings Der-
matophagoides pteronyssinus was lowest with a PPA
of 64 (at 0.35 KUA/I) resp. 74 % (at 1.0 kUA/]) indi-
cating that possibly some important house dust
mite allergenic molecules which are of relevance for
our patient collective may be missing on the chip.

A limitation to this concept is the fact that not all
allergenic sources are represented to the same ex-
tents on the chip due to technical reasons, e.g.
8 Phl p allergens of timothy grass but only 3 Der p
allergens (house dust mite). An additional short-
coming of this approach is that even highly cross-
reactive allergens from the same protein family are
not fully identical regarding sequence and structure
across allergenic sources. Due to this the concept of
extrapolation from one allergenic source to the
other will always only represent an approximation.

In regard to previous investigations on the com-
parison between multiplex and singleplex tests our
data shows an improved correlation between the
two methods [7]. However, for a true comparison
of both test systems it is necessary to directly com-
pare allergens on the molecular level with each
method and not molecules versus extracts as per-
formed in the current study. The above described
approach was chosen after all to explain the prin-
ciple and give guidance in the comparison of test
results originating from different methods in clin-
ical routine. Direct comparison of molecular al-
lergy diagnostics on ImmunoCAP ISAC und Im-
munoCAP singelplex was assessed in an earlier in-
vestigation and is outside the scope of the current
publication [19].

In conclusion, ISAC results show a good correla-
tion to the extract-based ImmunoCAP singleplex
tests if the above mentioned principles for the com-
parison are taken into account. In the allergy work-
up the ISAC chip is an additional diagnostic tool for
the assessment of complex cases and the compari-
son to other tests has to be performed with care and
based on profound knowledge of molecular allergy
diagnostics.
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