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LETTER TO THE EDITOR

WILEY

IgE multiplex testing in house dust mite allergy is utile, and
sensitivity is comparable to extract-based singleplex testing

To the Editor,

An individualized diagnostic approach determining molecular sen-
sitization patterns of house dust mite (HDM) allergic patients may
help to identify best eligible patients for allergen immunotherapy,
as modern HDM immunotherapy preparations are usually standard-
ized to the major allergens Der p 1, Der f 1, Der p 2 and Der f 2.
However, data on the reliability of molecular HDM allergy diagnosis
using commercially available assays are limited.

We aimed to investigate the overall sensitivity of molecular
HDM allergy diagnosis compared to extract-based IgE testing using
the singleplex assay ImmunoCAP (detecting Der p 1, 2, 10 and 23),
the multiplex assay ImmunoCAP ISAC (detecting Der p 1, 2 and 10)
and the newly available multiplex platform, Allergy Explorer (ALEX)
versions 1 and 2 (version 2 detecting Der p 1, 2, 5, 7, 10, 11, 20, 21
and 23).

Initially, we searched our database for patients with positive skin
prick tests to HDM. Data between January 1, 2005, and December
31, 2018, were analysed to determine sensitization rates to the two
major species of house dust mite, Dermatophagoides pteronyssinus
(D.p.) and Dermatophagoides farinae (D.f.), in Austria. In total, 28 572
patients had positive skin tests to D.p. and/or D.f. Of these, 23 930
(83.8%) had positive skin prick tests to both, and 3,212 (11.2%) and
1430 (5.0%) were mono-sensitized to D.p. and D.f., respectively. To
analyse the different diagnostic methods, sera of 215 HDM aller-
gic patients with unequivocal history of HDM allergy, a positive skin
prick test and detectable (20.35 kU/L) slgE to D.p. extract were in-
vestigated. Patients were solely sensitized to HDM (defined by sIgE
determination and skin prick testing with 7 and 14 inhalant allergens,

respectively). For detailed explanation of methods and statistical
analysis, see File S1. For demographic and clinical data of the study
population, see Table S1.

Overall sensitivity of molecular allergy diagnosis (defined by a
positive test reaction to at least one molecular allergen) was lower
compared to singleplex extract-based testing, and it usually in-
creased the more house dust mite allergens were available. Overall
sensitivity of ISAC, molecular-based ImmunoCAP, ALEX and ALEX?
was 88.8%, 93.0%, 93.5% and 94.9%, respectively. Results of the
molecular-based ImmunoCAP, ALEX and ALEX? did not differ signifi-
cantly, whereas sensitivity of the ISAC was lower compared to ALEX
and ALEX? (P = .006 and P < .001) as well as to the molecular-based
ImmunoCAP (P = .022). This was mainly due to the unavailability of
Der p 23: omission of Der p 23 using ImmunoCAP, ALEX and ALEX?
resulted in a lower overall sensitivity of 87.9%, 88.4% and 90.2%, re-
spectively, which were all similar to the 88.8% of the ISAC (P = .392).

Overall sensitivity of the molecular test systems was clearly cor-
related with sIgE levels to D.p.: the higher the levels, the better the
sensitivity of molecular testing (Table 1).

In our study population, three allergens, Der p 1, 2 and 23, con-
stituted major allergens, with sensitization rates of 55.3%, 77.7%
and 54.0%, respectively, whereas all other allergens were minor
allergens. Mono-sensitization to Der p 2 was most frequently ob-
served as 21.4% of patients were solely sensitized to Der p 2, fol-
lowed by 10.7% who were mono-sensitized to Der p 1; 4.7% were
solely sensitized to Der p 23. A mere 0.5% of patients were mo-
no-sensitized to Der p 10 and 20, respectively. Importantly, we did
not observe mono-sensitization to Der p 5, 7, 11 or 21, indicating

TABLE 1 Overall sensitivity of molecular test methods increased with higher sIgE to D.p. extract

slgE to D.p. ImmunoCAP
extract n ISAC (%) P-value molecular (%)
Overall 215 88.8 <.001 93.0
20.7 kU/L 204 89.7 <.001 94.6
>1.0 kU/L 186 93.6 <.001 96.2
23.5 kU/L 141 97.9 .250 99.3

P-value ALEX P-value ALEX? P-value
<.001 93.5 <.001 94.9 .001
.001 94.6 .001 95.6 .004
.016 96.8 .031 97.3 .063

1.000 99.3 1.000 99.3 1.000

Note: Sensitivity of the four molecular assays tested increased with sIgE levels to D.p. extract. In the case of sIgE levels > 1.0 kU/L, ALEX? and in the
case of sIgE levels > 3.5 kU/L, all molecular assays performed statistically equal to extract-based diagnosis. All P-values listed are direct comparisons

to extract-based singleplex diagnosis using ImmunoCAP.
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that these allergens do not increase sensitivity of the test panel.
Using the ImmunoCAP, sensitization rates to Der p 1, 2 and 23
were similar with 58.1%, 77.2% and 46.5%, respectively. Mono-
sensitization to Der p 23 was observed in 4.7%, which was identical
to the observed rate with the ALEX?. The sensitization pattern to
nine molecular allergens tested with ALEX? is depicted in Figure
S1. Interestingly, all molecular test systems correlated strongly
(Figure 1).

Overall sensitivity of the molecular test platforms investigated
was good, ranging from 88.8% to 94.9%. However, even with the
best method, 11 out of 215 (5.1%) sera were negative for the nine

molecular allergens investigated. Following reasons may explain

the lower sensitivity: although nine molecular allergens have been
tested, this could still be insufficient, as 30 D.p. molecular aller-
gens have been described so far (retrieved from www.allergen.org,
January 26, 2020). Several years ago, it was reported that using a
combination of Der p 1 and 2 could detect at least 97% of D.p. al-
lergic patients in Europe,? whereas more recent data do not support
this observation.®* Besides Der p 1and 2, Der p 23 is the third major
HDM allergen with (mono-) sensitization rates in our study popula-
tion of 4.7% and 54.0%, respectively, which is similar to previously
reported rates between 4.2% and 5.3% for mono-sensitization and
between 46.5% and 75.8% of HDM patients sensitized to Der p 23.%
7 This makes Der p 23 indispensable for diagnosis and explains why
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FIGURE 1 High correlation of the molecular allergy test systems. Molecular test systems correlated strongly with Spearman's rho
ranging between 0.940 and 0.955 (Der p 1), between 0.959 and 0.973 (Der p 2), and 0.953 (Der p 23), (P < .001). Due to the low number of

Der p 10 sensitizations, correlations were not calculated for Der p 10
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all molecular test systems including Der p 23 had a higher sensitiv-
ity. In our study, additional testing with Der p 10 and 20 at least
slightly increased sensitivity, whereas Der p 5, 7, 11 and 21 did not.
Therefore, it would be crucial to add only clinically relevant molecu-
lar allergens to a multiplex test panel in the future.

Technical issues could be another reason why modern mo-
lecular allergy diagnosis cannot detect all HDM allergic patients.
Compared to singleplex assays, sensitivity of multiplex test sys-
tems can be decreased in patients with low sIgE levels due to
higher limits of detection, higher coefficients of variation and a po-
tential inhibition by antigen-specific 1gG.%2 We could clearly show
that sensitivity of molecular assays was impaired in patients with
low sIgE levels. It should be mentioned that our study population
reflected an unbiased random sample out of daily practice, with
low (<1.0 kU/L) sIgE to D.p. in 13.5% of patients. Under optimal
conditions, namely in patients with sIgE levels <3.5 kU/L, sensi-
tivities of the molecular test systems were very high, ranging from
97.9% to 99.3%. The newest multiplex assay, ALEX2, performed
statistically equal to extract-based diagnosis in patients with sIgE
levels >1.0 kU/L with a sensitivity of 97.3%.

Taken together, modern multiplex testing is an individualized
diagnostic approach determining sensitization patterns of HDM al-
lergic patients, which may help to identify best eligible patients for
allergen immunotherapy. Sensitivity of up-to-date multiplex systems
is now comparable to extract-based testing. In patients with low sIgE
levels, however, additional singleplex extract-based testing or prick

testing may be necessary.
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ONLINE SUPPLEMENT 1: METHODS

Patients

Two hundred and fifteen HDM allergic patients were retrospectively included to compare
different diagnostic methods. Only patients with unequivocal history of HDM allergy (chronic
rhinoconjunctivitis and/or bronchia asthma), a positive skin prick test and detectable
(=0.35kU/L) sIgE to D.p. extract were enrolled. To evaluate the different molecular diagnostic
tests, we investigated patients sensitized to D.p. for the following reasons: (a) sensitization to
D.p. was predominant in our study population and (b) more molecular alergens for diagnosis
were commercially available for D.p. compared to D.f.

Skin tests

The nature of sensitization was confirmed by skin prick testing with D.p. and D.f. extracts
from ALK-Abell6, Harsholm, Denmark. Test results were considered positive in case of a
wheal larger than 3 mm in diameter.

Singleplex slgE testing

Total and specific IgE antibody levels in the patients’ sera were measured using the
ImmunoCAP 1000 platform (Thermo Fisher Scientific, Waltham, MA, USA). Specific IgE
levels were expressed in kilo units per liter (kU/I), and sIgE values = 0.35 kU/I were
considered positive. For statistical analysis, levels > 100 kU/I were rated as 100 kU/I.
Multiplex sl gE testing

Three different multiplex test systems, ImmunoCAP ISAC (Thermo Fisher Scientific) and
ALEX Allergy Explorer (MacroArray Diagnostics, Vienna, Austria) Version 1 and 2 were
performed according to the manufacturer’s instructions. Specific IgE levels were expressed in
kU/l using ALEX with a cut-off of 0.30 kU/I. Results of the ISAC are expressed in ISAC
Standardized Units (ISU) using a cut-off of 0.30 1SU.

Molecular allergology

Molecular alergy diagnosis was performed with all four test systems: sige torDer p 1, 2, 10



and 23 was measured using ImmunoCAP, analysis of nDer p 1, 2 and rDer p 10 was done on
the ISAC platformand rDer p 1, 2, 5, 7, 10, 11, aswell as 23, were detected using ALEX. An
additional analysisof rDerp 1, 2,5, 7, 10, 11, 20, 21, and 23 with the same 215 serawas
performed using the new ALEX?, which is commercially available since autumn 2019.
Statistical analysis

For statistical analyses, Pearsons’s chi-squared test, McNemar's test, Cochran’s Q test, and
Spearman’s rank correlation coefficient were performed using IBM SPSS Statistics 26 (IBM,
Somers, USA). Graphs were generated using GraphPad Prism 7.0 (GraphPad Software, Inc.,
LaJolla, USA).

Institutional review board

The institutional review board of the Medical University of Graz approved this study:

approval no. 29-398 ex 16/17.



TABLE S1: Demographic and clinical characterization of the study population
Females and males as well as children and adults did not differ significantly in the frequency
of symptoms. Age (median + interquartile range); Asthma = established diagnosis of asthma
by alung speciadlist; Bronchitis = patient reported chronic cough without an established

diagnosis of asthma; Food alergy = clinically relevant cross-reaction to shellfish.

Total Males Females Children Adults
(n=215) (n=96) (n=119) (n=64) (n=151)
Re % 100.0 44.7 55.3 29.8 70.2
Age 25 (16-36) | 25.5(13-41) | 25(17-35) | 12(10-15) | 31 (24-42)
Rhinitis 89.3% 91.7% 87.4% 90.6% 88.7%
Conjunctivitis 29.8% 25.0% 33.6% 28.1% 30.5%
Asthma 14.0% 11.5% 16.0% 12.5% 14.6%
Bronchitis 18.1% 18.8% 17.6% 18.8% 17.9%
Bronchitisor Asthma 32.1% 30.3% 33.6% 31.3% 32.5%
Food aller gy 0.9% 1.0% 0.8% 0.0% 1.3%




FIGURE S1. Sensitization patternsin house dust mite allergy

With ALEX? it was possible to screen for sIgE to nine different recombinant Der p molecular
alergens. Intotal, 94.9% of the patients were sensitized to at least one of the alergens
investigated. The majority of patients (68.4%) were sensitized to one to three molecul ar
allergens (27.4% to one, 21.4% to two, and 19.5% to three allergens). Sensitizations to four to
six molecular allergens were observed in 25.6% of patients (13.0% to four, 6.5% to five, and
6.0% to six alergens). Only afew patients were sensitized to seven or eight allergens, with
0.5% each. No patient was positive for all nine alergens; eleven patients (5.1%) did not show

any reactivity to all the allergens tested.
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