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Abstract

Background: The specificity of extract‐based pollen allergy diagnosis is decreased
due to cross‐reactivity via cross‐reactive carbohydrate determinants (CCDs) or
panallergens such as profilins or polcalcins. This study aimed to explore the prev-

alence of sensitization to seasonal extracts, CCDs, profilin and polcalcin and

investigate the sensitivity and specificity of seasonal molecular allergy diagnosis

(MAD) using commercially available test methods.

Methods: 2948 patients were screened for specific immunoglobulin E to ash, birch,

mugwort, ragweed and timothy grass pollen extracts and grouped according to the

number of positive tests (1–5). 100 patients from each group and a control group

were randomly selected to calculate the prevalence of CCD and panallergen

sensitization. With 742 patients, sensitivity and specificity of MAD (Alt a 1, Fra/Ole

e 1, Bet v 1, Phl p 1, Art v 1, and Amb a 1) was determined.

Results: 1627 patients (55.2%) were positive to at least one, and 1002 patients

(34.0%) were positive to multiple of the five pollen allergens investigated; 18.5% of

the pollen‐sensitized patients had sensitization to CCDs or panallergens. Specif-
ically, sensitization to CCDs, profilins, and polcalcins was observed in 8.7%, 10.9%,

and 2.9% of these patients, respectively. The sensitivity of MAD was high, with

sensitivities between 96.2% and 100% using ImmunoCAP and 91.5% and 100%

using ALEX2. Specificity was 100% for both assays.

Conclusions: Due to cross‐reactivity, about one‐fifth of pollen‐sensitized patients is
at risk of misdiagnosis. However, MAD is sensitive, specific and helps to avoid

misdiagnosis and select primary allergen sources for immunotherapy.
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1 | INTRODUCTION

Allergic rhinoconjunctivitis with or without asthma is one of the

most frequent allergic diseases, affecting about 20% of the general

population.1 Allergen immunotherapy is the only available treat-

ment that targets the underlying pathophysiology and has a po-

tential long‐term effect on reducing allergic symptoms. Selecting

the appropriate (major) allergens for immunotherapy is crucial to

achieve optimal effectiveness. Currently, prick testing and extract‐
based specific immunoglobulin E (sIgE) determination are still the

mainstays in diagnosing respiratory allergy. However, it has been

known for years that cross‐reactive carbohydrate determinants
(CCDs) or panallergens such as profilins or polcalcins can hamper or

confound test results with native extracts by decreasing diagnostic

specificity.

Sensitization to CCDs, profilins and polcalcins has been re-

ported in about 22%–35%,2–4 13%–50%,5–8 and 8%–10%,4,5,9

respectively, with considerable variability depending on geograph-

ical regions and patient populations investigated. Nevertheless, the

significant risk of misdiagnosis when using extract‐based diagnostic
tests may have been underestimated because determining a wide

range of molecular allergens or blocking of sIgE to CCDs was not

routinely performed.

The benefit of molecular allergology and its impact on specific

allergy diagnosis and therapy selection have been reported in several

studies.10–13 Previous sensitization rates to molecular marker aller-

gens reported were as high as 80.7%–98.4% for Alt a 1,14–17

90%–100% for Amb a 1,18–22 >70%–>95% for Art v 1,22–26

88.5%–97% for Bet v 1,27–30 97.7% for Fra e 131 and 87.6%–

88% for Ole e 1,32,33 74.8%–98% for Phl p 1,34–39 and 27.2%–

80% for Phl p 5.8,34–37,40 However, most of these studies were

based on experimental methods not routinely used or available

such as immunoblotting, ELISA, or prick testing with molecular

allergens.

This study had two goals. First, we aimed to determine the

prevalence of multiple pollen sensitizations and of cross‐reactivity
(via sensitization to CCDs, profilin, and polcalcin) in patients

referred to allergy diagnostics and in patients with pollen sensitiza-

tion. Second, we evaluated the sensitivity and specificity of molecular

allergy diagnosis (MAD) with major seasonal marker allergens using

the commercially available singleplex platform ImmunoCAP (Thermo

Fisher Scientific, Waltham, MA, USA) and the multiplex array ALEX2

(Allergy Explorer version 2, MacroArray Diagnostics, Vienna,

Austria).

2 | METHODS

For this retrospective study, clinical data and extract and prick test

results of 3590 patients were investigated using four analyses

(Figure 1). None of the patients in any of the analyses currently or

previously received allergen‐specific immunotherapies.

2.1 | Analysis 1. Prevalence of pollen sensitization

The frequency of (multiple) pollen sensitization was investigated in

2948 patients with rhinoconjunctivitis and/or bronchial asthma

referred for allergy diagnostics between January 1 and December 31,

2020. Subjects were screened for pollen allergy using the determi-

nation of sIgE against five pollen extracts (ash, birch, timothy grass,

mugwort, and ragweed) by ImmunoCAP. We classified subjects ac-

cording to their number of sensitizations; patients showing sIgE to

one to five different pollen extracts were grouped accordingly. In

addition, because Alternaria is another important seasonal allergen in

our region, prevalence of sIgE sensitization to Alternaria was inves-

tigated in all 2948 patients.

2.2 | Analysis 2. Sensitization to CCDs and pollen
panallergens

One hundred persons from each of the five groups mentioned above

and a control group of 100 non‐allergic subjects were randomly
selected. All controls had negative sIgE to the investigated six sea-

sonal allergen extracts and Dermatophagoides pteronyssinus in the

ImmunoCAP system and negative prick tests to 13 aeroallergens

(pollen, pets, mites and moulds). In these 600 sera, the markers

MUXF3 (ImmunoCAP), Phl p 7 (ALEX2), and Phl p 12 (ALEX2) were

determined to detect the frequency of sensitization to CCDs, profilin,

and polcalcin, respectively.

2.3 | Analysis 3. Sensitivity of major marker
allergens

To calculate the sensitivity of the molecular marker allergens of

these five pollen species (Fra/Ole e 1, Bet v 1, Phl p 1, Art v 1,

and Amb a 1) and Alternaria (Alt a 1), 636 patients visiting the

outpatient clinic between 2013 and 2020 were included. All

these patients had positive sIgE and prick tests to the respective

extract and reported seasonal respiratory symptoms limited to

the pollination period of the particular allergen. 106 mono‐
sensitized patients were included for each allergen source,

except for mugwort and ragweed. Cross‐reactivity was common
in patients sensitized to mugwort and ragweed using extracts

due to shared allergens; therefore, 25% of the 106 patients

included in each of these two groups were serologically double‐
sensitized.

2.4 | Analysis 4. Specificity of major marker
allergens

Specificity of Fra/Ole e 1, Bet v 1, Phl p 1, Art v 1, Amb a 1, and Alt a

1 was tested in 106 non‐allergic subjects (the 100 controls of analysis
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2 and six additional subjects). As mentioned above, prick tests to 13

aeroallergens and sIgE to seven extracts in the ImmunoCAP were

negative.

2.5 | Skin tests

Skin prick tests were performed with extracts from ALK‐Abelló,
Hørsholm, Denmark. Test results were considered positive in a wheal

larger than 3 mm in diameter and erythema.

2.6 | Singleplex sIgE testing

Specific IgE antibody levels in the patients' sera were measured using

the ImmunoCAP 1000 platform. Specific IgE levels were expressed in

kilo units per litre (kU/l), and sIgE values ≥0.35 kU/l were considered
positive. For statistical analysis, levels >100 kU/l were rated as
100 kU/l.

2.7 | Multiplex sIgE testing

The multiplex test system ALEX2 was performed according to the

manufacturer's instructions. Specific IgE levels were expressed in kU/l,

and sIgE values ≥0.30 kU/l were considered positive.

2.8 | Sample size calculation & statistical analyses

Sample size calculation was performed using the statistical software

R (version 3.6.1; The R Foundation, Vienna, Austria). Sensitivities

between 0.96 and 0.98 were expected based on the sensitivity rates

mentioned in the introduction. A sample size of 100 with an expected

sensitivity of 0.96 would have resulted in an exact, two‐sided 95%
confidence interval (CI) of 0.90 – 0.99 and with an expected sensi-

tivity of 0.98 in a 95% CI of 0.93 – 1.00. Therefore, with an assumed

drop‐out rate of 5%, 106 patients in each of the respective groups
were required to show that the sensitivity is indeed above 90%.

For statistical analyses, McNemar's test, Wilcoxon signed‐rank
test, and Spearman's rank correlation were performed using IBM

SPSS Statistics 27 (IBM, Somers, USA). Graphs were generated using

GraphPad Prism 9.0 (GraphPad Software, Inc., La Jolla, USA). The

level of significance was set at 0.05.

Approval of the ethics committee of the Medical University of

Graz for this study is available under approval no. 26–398 ex 16/17.

3 | RESULTS

Demographical and clinical description of the four study populations

(analysis 1: prevalence of (multiple) pollen sensitizations; analysis 2:

sensitization to CCDs, profilins, and polcalcins; analysis 3: sensitivity

of MAD; analysis 4: specificity of MAD) are shown in Table 1.

3.1 | Prevalence of pollen sensitization

1660 (56.3%) of the 2948 patients were extract sIgE positive to at

least one of the six seasonal allergen sources investigated, and 1627

(55.2%) were positive to at least one of the five pollen allergens.

Multiple sensitizations to pollen were found in 34.0% of the overall

study population. In the pollen‐sensitized patients, sensitization to all
five pollens was found in 22.4%; 6.7% had four sensitizations, 12.8%

had three, 19.8% had two, and 38.4% of the patients were positive to

only one pollen source. Many sensitizations were associated with low

levels of sIgE (16.9% of all positive pollen sIgE results in analysis 1

were below 0.7 kU/l), and considering cut‐offs above 0.7 or 3.5 kU/l,
only 15.4% or 4.5% of the patients were positive to all five pollen

species investigated (compared to 22.4% without cut‐off).

3.2 | Correlation of sIgE and prick test results

Specific IgE and prick test results of the 2948 patients are shown in

Table 2. It was remarkable that sIgE negative/prick positive patients

were rarely seen for all allergens, but sIgE positive/prick negative

patients were frequently observed for pollen allergens but not for

F I GUR E 1 Flow‐chart of the four analyses
performed. In total, clinical data and test

results of 3.590 patients were investigated.
Patients of analysis 2 were randomly selected
from analysis 1 (6 � 100 patients with 0–5

pollen sensitizations). The control group from
analysis 2 (100 patients without pollen allergy)
and six additional patients were used for
analysis 4.
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Alternaria. On average, 13.3% of the 14740 pollen extract de-

terminations had negative corresponding prick test results, compared

to 2.9% of the Alternaria extract determinations. The difference of

10.4% may be explained by anti‐CCD IgE, reacting with pollen but
not with Alternaria extract.

3.3 | Sensitizations to CCDs and pollen
panallergens

Patients were grouped according to their number of pollen sensiti-

zations (0–5), with one hundred randomly selected patients in each

group. In these 600 sera (500 from patients with and 100 from

controls without pollen allergy), MUXF3, Phl p 7, and Phl p 12 as

markers for CCDs, polcalcins, and profilins, respectively, were

determined (Table 3). As expected, sensitizations to CCDs and pan-

allergens were most frequently observed in patients with positive

results to all five pollen species; in this group, 73% were sensitized to

CCDs or any panallergen, and 17% even showed sIgE to two pan-

allergens or one panallergen and CCDs. In the group with four

positive pollen extracts, pan‐sensitization was still relevant and
observed in 17% of the patients, whereas this was rarely seen from

group three sensitizations downwards. None of the 500 pollen

allergic patients showed sIgE to all, CCDs and both panallergens.

After extrapolating from 500 to 1627 patients with pollen sensiti-

zations, up to 18.5% could react to at least one panallergen or CCDs.

Specifically, sIgE to CCDs, profilins, and polcalcins could be expected

in 8.7%, 10.9%, and 2.9%. None of the 100 patients in the control

group did show any reactivity to CCDs, profilins, or polcalcins. After

extrapolating from 600 to 2948 patients, up to 10.2% of all patients

referred to our outpatient clinic for allergy diagnostics due to res-

piratory symptoms could be sensitized to at least one panallergen or

CCDs (in detail, 4.8% to CCDs, 6.0% to profilins, and 1.6% to

polcalcins).

We did not observe any sensitization to profilins or polcalcins

without concomitant reactivity to at least one major pollen allergen

in any of the 600 investigated sera. The primary mono‐sensitizer in
sera with profilin or polcalcin sensitization was timothy grass, birch,

or ash pollen in 18.2%, 3%, and 3%, respectively, whereas multiple

genuine pollen sensitizations were detected in 75.8%. Moreover, only

TAB L E 1 Demographic data of the study populations. Asthma and bronchitis are defined by patients reporting chronic cough with and
without an established diagnosis of asthma by a lung specialist.

Analysis 1 Analysis 2 Analysis 3 Analysis 4

Pollen sensitizations

(n = 2948)

CCDs & panallergens

(n = 600)

molecular sensitivity

(n = 636)>
Molecular specificity

(n = 106)

Sex

Females 52.9% 50.2% 56.3% 67.9%

Age [years]

Median 29 28 32 36

Interquartile ranges 17‐43 16‐41 20‐43 25‐54

Frequency of symptoms

Rhinitis 79.5% 84.5% 93.7% 61.3%

Conjunctivitis 32.1% 50.0% 63.8% 26.4%

Bronchitis 20.1% 15.5% 16.8% 23.6%

Asthma 8.8% 8.8% 5.2% 7.5%

TAB L E 2 Correlation of sIgE results
and prick test results of 2948 patients.
Patients were classified into four groups:

sIgE extract positive, prick positive
(“true‐positive results”); sIgE extract
negative, prick negative (“true‐negative
results”); sIgE extract negative, prick
positive (“false‐negative sIgE or
false‐positive prick test”); and sIgE
extract positive, prick negative
(“false‐positive sIgE or false‐negative
prick test”). Pollen (mean) states the
average percentages of all pollen

investigated.

Allergen sIgE +, prick + sIgE −, prick − sIgE −, prick + sIgE +, prick −

Ash 9.2% 70.8% 1.2% 18.9%

Birch 20.0% 68.2% 1.7% 10.1%

Timothy grass 36.3% 54.0% 1.9% 7.7%

Mugwort 5.0% 81.2% 1.2% 12.6%

Ragweed 3.7% 78.8% 0.3% 17.2%

Pollen (mean) 14.8% 70.6% 1.3% 13.3%

Alternaria 4.6% 91.8% 0.8% 2.9%
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three of the 600 sera showed CCD reactivity without any molecular

sensitization to pollen. Presumably, their anti‐CCD IgE was due to
insect venom sensitization (all three patients had reactivity to Ves v

5), and these antibodies were able to elicit false‐positive pollen
extract sIgE results.

3.4 | Correlation of sIgE to extracts and major
molecular marker allergens

In the 500 pollen‐allergic sera mentioned above, only 985 (65.7%) of
the 1500 positive extract results had positive corresponding major

molecular allergens, which means that 34.3% of the positive extract

results were not due to sensitization to the respective molecular

marker allergens. The more extracts were positive, the lower was the

correlation between extracts and molecular marker allergens: in the

one‐to five‐fold (extract) pollen‐positive sera, 92.0%, 85.0%, 79.7%,
59.3%, and 49.4% of the reactive extracts had positive corresponding

marker allergens. Correlation differed between the five pollen spe-

cies investigated: 91.4%, 77.7%, 74.0%, 29.6%, and 21.3% of the

timothy grass, birch, ash, mugwort, and ragweed pollen extract pos-

itive patients had positive corresponding molecular allergens,

respectively.

3.5 | Sensitivity of MAD

The sensitivity of major molecular allergens was investigated in 106

genuinely sensitized subjects per allergen source. Sensitivity was

high, with percentages between 91.5% and 100% using ALEX2 and

96.2% and 100% using ImmunoCAP. In addition, the molecular

sensitivity correlated to pollen extract sIgE levels and increased with

higher sIgE to the extracts (Table 4).

The overall sensitivity of Art v 1 was lower using ALEX2

compared to the ImmunoCAP (91.5% vs. 96.2%). Determination of

Art v 1 using ImmunoCAP was comparable to extract‐based

diagnosis (p = 0.125), whereas determination with ALEX2 was not

(p = 0.004). However, if sIgE to the mugwort extract available on

ALEX2 was included, the overall sensitivity of the ALEX2 increased

to 94.3%. In patients with mugwort sIgE levels greater than 0.7 kU/

l, Art v 1 performed statistically equally to extract‐based diagnosis
in both test systems. Phl p 1 showed a high sensitivity in both test

systems and was statistically equal to extract‐based diagnosis

(97.2% ImmunoCAP vs. 98.1% ALEX2); however, adding sIgE

determination to Phl p 5 increased sensitivity to 100% in both

systems.

Interestingly, the sensitivity of the surrogate marker for ash

pollen allergy using ImmunoCAP, Ole e 1, was 98.1% and identical to

that of Fra e 1 on ALEX2. Alt a 1 of Alternaria and Bet v 1 of birch

pollen showed 100% sensitivity with both test methods.

3.6 | Specificity of MAD

The major molecular allergens Alt a 1, Amb a 1, Art v 1, Bet v 1, Fra/

Ole e 1 and Phl p 1 were tested in 106 non‐allergic controls. None of
these 106 subjects was positive for any of these molecular marker

allergens resulting in a 100% specificity for all allergens.

3.7 | Correlation of the molecular test results

MAD on both platforms correlated strongly with Spearman's rho

ranging between 0.790 and 0.940 (Figure 2). However, mean sIgE

values to the major allergens differed significantly between ALEX2

and ImmunoCAP (p < 0.001 for all six allergens). For example, mean
sIgE to Amb a 1 was 10.9 and 22.4 kU/l, respectively, and therefore

lower in ALEX2. However, mean sIgE to all other allergens was higher

in ALEX2 compared to ImmunoCAP: 21.3 and 15.3 kU/l for Alt a 1,

3.4 and 2.9 kU/l for Art v 1, 21.9 and 16.5 kU/l for Bet v 1, 25.2 and

16.0 kU/l for Fra e 1 and Ole e 1, and 20.0 and 18.6 kU/l for Phl p 1,

respectively.

TAB L E 3 Reactivity to CCDs and the panallergens profilin and polcalcin. Patients were put into groups 0–5 according to the number of
positive pollen extracts (ash, birch, timothy grass, mugwort, ragweed) with n = 100 for each group. In the control group (0), all pollen extracts
were negative. Pan‐sensitizations: Coincidence of CCDs, profilin, and polcalcin sensitization. Total percentages were extrapolated for the
overall study population (n = 2948).

Number of positive pollen extracts CCD (MUXF3) Profilin (Phl p 12) Polcalcin (Phl p 7)

Pan‐sensitizations

1 2 3 1‐3

0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

1 0.0% 0.0% 1.0% 1.0% 0.0% 0.0% 1.0%

2 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

3 1.0% 1.0% 3.0% 5.0% 0.0% 0.0% 5.0%

4 7.0% 10.0% 1.0% 16.0% 1.0% 0.0% 17.0%

5 36.0% 45.0% 9.0% 56.0% 17.0% 0.0% 73.0%

Total 4.8% 6.0% 1.6% 8.1% 2.1% 0.0% 10.2%
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4 | DISCUSSION

Extract‐based prick testing and sIgE determination are still the
mainstays in the diagnosis of respiratory allergy. Unfortunately, the

specificity of these tests is impaired because of cross‐reactivity to
CCDs or panallergens such as profilin or polcalcin. For years, it has

been known that CCDs and panallergens such as profilin and pol-

calcin can distort diagnosis. However, the considerable risk of

misdiagnosis when using extract‐based diagnostic tests may have
been underestimated because the determination of a wide range of

molecular allergens or blocking of sIgE to CCDs were not routinely

performed. Costs or the (un)availability of molecular singleplex and

multiplex sIgE determinations may have prevented broad application.

About one‐fifth (18.5%) of our pollen‐sensitized patients and about
one‐tenth (10.2%) of all our patients referred to allergy diagnosis
revealed cross‐reactivity. The rate of sensitization to CCDs and

panallergens observed in our study is in agreement with previously

published data.2–7,9 Consequently, in daily routine, many patients are

at risk of being incorrectly diagnosed and prescribed a potentially

inaccurate immunotherapy.

There are two options to handle the risk of cross‐reactivity when
using sIgE‐based in vitro pollen allergy diagnosis: the determination
of a predefined pollen extract panel in every patient or the use of

molecular pollen allergy diagnosis.

First, if molecular allergology is not available, a representative

predefined pollen extract panel (in Central Europe: ash, birch,

timothy grass, mugwort, and ragweed) should be determined in all

patients. Certainly, in other European regions the panel should be

modified according to local botanical situations, especially in the

weed population. Sensitization to multiple pollen can be expected in

about one‐third of the patients suffering from rhinoconjunctivitis

with or without bronchial asthma and is a warning sign for cross‐

TAB L E 4 Sensitivity of MAD using
ImmunoCAP and ALEX2. The sensitivity
of both molecular assays increased with

higher sIgE levels to pollen extracts. For
the molecular diagnosis of ash pollen
allergy, Ole e 1 was used with

ImmunoCAP as no Fra e 1 was available.
All p‐values listed are direct comparisons
to extract‐based singleplex diagnosis
using ImmunoCAP. No p‐values could be
calculated for 100% sensitivity due to
constant values.

ImmunoCAP p‐value ALEX2 p‐value

Extracts ≥0.35kU/l

Alternaria Alt a 1 (n = 106) 100% 100%

Ragweed Amb a 1 (n = 106) 97.2% 0.250 97.2% 0.250

Mugwort Art v 1 (n = 106) 96.2% 0.125 91.5% 0.004

Birch Bet v 1 (n = 106) 100% 100%

Ash Fra e 1 (n = 106) 98.1% 0.500

Ole e 1 (n = 106) 98.1% 0.500

Timothy grass Phl p 1 (n = 106) 97.2% 0.250 98.1% 0.500

Phl p 1 + 5 (n = 106) 100% 100%

Extracts ≥0.7 kU/l

Alternaria Alt a 1 (n = 106) 100% 100%

Ragweed Amb a 1 (n = 103) 98.1% 0.500 99.0% 1.000

Mugwort Art v 1 (n = 89) 96.6% 0.250 94.4% 0.063

Birch Bet v 1 (n = 102) 100% 100%

Ash Fra e 1 (n = 104) 98.1% 0.500

Ole e 1 (n = 104) 98.1% 0.500

Timothy grass Phl p 1 (n = 106) 97.2% 0.250 98.1% 0.500

Phl p 1 + 5 (n = 106) 100% 100%

Extracts ≥3.5 kU/l

Alternaria Alt a 1 (n = 75) 100% 100%

Ragweed Amb a 1 (n = 84) 100% 98.8% 1.000

Mugwort Art v 1 (n = 23) 100% 95.7% 1.000

Birch Bet v 1 (n = 89) 100% 100%

Ash Fra e 1 (n = 74) 100%

Ole e 1 (n = 74) 100%

Timothy grass Phl p 1 (n = 96) 99.0% 1.000 99.0% 1.000

Phl p 1 + 5 (n = 96) 100% 100%
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reactivity. In our population, 73% of the patients with five pollen

sensitizations and 17% with four pollen sensitizations showed any

type of cross‐reactivity. Therefore, corresponding major molecular

marker allergens could not confirm 50.6% and 40.7% of these pa-

tients' positive pollen extract results, indicating that the extract‐
based results were without, or only of minor, clinical significance.

F I GUR E 2 Correlation of the molecular allergy test systems. Scatter plots and Spearman's rho results of the molecular allergens of

Alternaria (Alt a 1), ash (Fra e 1 and Ole e 1), birch (Bet v 1), timothy grass (Phl p 1), mugwort (Art v 1) and ragweed (Amb a 1) determined using
ImmunoCAP and ALEX2 are shown.
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Conversely, if only three or fewer out of these five pollens were

positive, the risk of cross‐reactivity was minimal (5%) or negligible
(≤1%). This approach helped to recognize cross‐reactivity but still
requires careful interpretation of the test results.

The second approach to minimize the risk of cross‐reactivity is
molecular allergology. In a recent review article by Barber et al, the

benefit of molecular allergology and its impact on specific allergy

diagnosis and therapy has been shown.10 In addition, multiple

studies have demonstrated that the use of molecular allergology

leads to different therapeutic decisions compared to extract‐based
testing.11–13 The reported sensitivities of molecular pollen marker

allergens are promising;14–39 however, their transferability to

routine diagnostics was questionable, because percentages varied

considerably and many of the studies were performed with tests

which are not routinely available such as immunoblotting, ELISA or

prick testing with molecular allergens.

Our study indicates that the determination of single molecular

marker allergens using commercially available test methods is highly

sensitive and specific to diagnose the six most frequent seasonal

inhalant allergens in Central Europe. For most allergen sources, only

one molecular marker allergen is sufficient. Nevertheless, in grass

pollen allergy, more than one could be relevant. For example, we

reported earlier that Phl p 1 was enough to diagnose timothy grass

pollen allergy with a sensitivity of 98%.39 Our current study confirms

this finding; however, additional testing of Phl p 5 could increase

sensitivity to 100%. Furthermore, mono‐sensitization to Phl p 2 or
Phl p 4 may be relevant for some patients as it was rarely observed in

some geographical regions.41 Only mugwort allergy could not be

optimally diagnosed on the multiplex platform ALEX2. Overall

sensitivity was 91.5% using Art v 1 and 94.3% using Art v 1 in

combination with the mugwort extract; however, this may be

explained as not being due to technical problems of the ALEX2 but

the selection of our mugwort patients. Our patients with mono‐
sensitization to mugwort usually had very low levels of sIgE, and

the number of patients with sIgE levels <0.7 kU/L was clearly above
average compared to all other allergen sources (Table 4). It is known

that the sensitivity of multiplex systems, such as ALEX2, could be

lower in patients with low sIgE levels due to higher limits of detec-

tion, higher coefficients of variation, and potential inhibition by

antigen‐specific IgG.42 We previously showed that the higher the
sIgE to allergen extracts, the better was the sensitivity of molecular

allergy testing in diagnosing house dust mite allergy.43 The high rate

of patients with low sIgE to mugwort may explain the observed lower

sensitivity of Art v 1. However, because its sensitivity was equal to

the extract‐based approach in patients with sIgE levels greater than
0.7 kU/l in both methods and because the major allergen content of

mugwort allergen immunotherapies is adjusted to Art v 1, it is defi-

nitely suitable for diagnostic use.

The singleplex assay ImmunoCAP and the multiplex platform

ALEX2 correlated strongly and produced almost the same results

when the diagnosis was performed with major molecular allergens.

Both methods are appropriate for routine diagnostics though

neither system is perfect: drawbacks of the ImmunoCAP are the

costs for a comprehensive MAD and, theoretically, interference of

anti‐CCD antibodies with the cellulose used as a solid‐phase
allergen carrier.44 On the other hand, multiplex platforms such

as ALEX2 may have a lower sensitivity in patients with very low

levels of sIgE. However, a broad application of MAD in pollen‐
allergic patients with any method could enhance the quality of

allergy diagnosis and, consequently, the effectiveness of allergen

immunotherapy.

The main limitation of our study, besides its retrospective design,

is that we have investigated a Central European study population.

Therefore, additional allergens (e.g. Phl p 2 or 4) or allergen sources

(e.g. olive tree, parietaria or plantain pollen) may be relevant in other

distinct geographical regions, and the sensitization rates to CCDs or

pan‐allergens may vary.
In summary, about one‐fifth (18.5%) of our pollen‐sensitized

patients and about one‐tenth (10.2%) of all our patients referred to
allergy diagnosis were affected by cross reactivity; therefore, cross‐
reactivity is common and may lead to misdiagnosis and conse-

quently to a 3‐year immunotherapy with inadequate allergen vac-
cines. In contrast, MAD determining Alt a 1, Amb a 1, Art v 1, Bet v 1,

Fra/Ole e 1 and Phl p 1 with commercially available methods is highly

sensitive and specific and helps to avoid misdiagnosis and select

primary allergen sources for immunotherapy.

AUTHOR CONTRIBUTIONS

Lukas Koch: Conceptualization (Equal); Data curation (Equal); Formal

analysis (Equal); Funding acquisition (Equal); Investigation (Equal);

Methodology (Equal); Project administration (Equal); Software

(Equal); Supervision (Equal); Validation (Equal); Visualization (Equal);

Writing – original draft (Equal); Writing – review & editing (Equal);

Karin Laipold: Data curation (Equal); Investigation (Equal); Validation

(Equal); Writing – review & editing (Equal); Lisa Arzt‐Gradwohl:
Formal analysis (Equal); Investigation (Equal); Software (Equal);

Validation (Equal); Visualization (Equal); Writing – review & editing

(Equal). Eva Maria Sturm: Conceptualization (Equal); Investigation

(Equal); Methodology (Equal); Project administration (Equal); Super-

vision (Equal); Writing – review & editing (Equal). Werner Aberer:

Conceptualization (Equal); Methodology (Equal); Project administra-

tion (Equal); Supervision (Equal); Writing – review & editing (Equal).

Martina Aumayr: Resources (Equal); Validation (Equal); Writing –

review & editing (Equal). Wolfgang Hemmer: Data curation (Equal);

Validation (Equal); Writing – review & editing (Equal). Urban Čerpes:
Data curation (Equal); Investigation (Equal); Validation (Equal);

Writing – review & editing (Equal). Gunter J. Sturm: Conceptualiza-

tion (Equal); Data curation (Equal); Formal analysis (Equal); Funding

acquisition (Equal); Investigation (Equal); Methodology (Equal); Proj-

ect administration (Equal); Resources (Equal); Software (Equal); Su-

pervision (Equal); Validation (Equal); Visualization (Equal); Writing –

original draft (Equal); Writing – review & editing (Equal).

ACKNOWLEDGEMENTS

Most of the ALEX2 chips were provided free of charge by Macro-

Array Diagnostics, Vienna, Austria.

8 of 10 - KOCH ET AL.



CONFLICTS OF INTEREST STATEMENT

Martina Aumayr is an employee of MacroArray Diagnostics. All other

authors declare no conflict of interest in relation to this work.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available on

request from the corresponding author. The data are not publicly

available due to privacy or ethical restrictions.

ORCID

Lukas Koch https://orcid.org/0000-0003-2091-5411

Lisa Arzt‐Gradwohl https://orcid.org/0000-0002-5489-2070

REFERENCES

1. Roberts G, Pfaar O, Akdis CA, et al. EAACI guidelines on allergen

immunotherapy: allergic rhinoconjunctivitis. Allergy. 2018;73(4):
765‐798. https://doi.org/10.1111/all.13317

2. Mari A. IgE to cross‐reactive carbohydrate determinants: analysis of
the distribution and appraisal of the in vivo and in vitro reactivity. Int
Arch Allergy Immunol. 2002;129(4):286‐295. https://doi.org/10.1159/
000067591

3. Holzweber F, Svehla E, Fellner W, et al. Inhibition of IgE binding to

cross‐reactive carbohydrate determinants enhances diagnostic

selectivity. Allergy. 2013;68(10):1269‐1277. https://doi.org/10.

1111/all.12229

4. Kowal K, Pampuch A, Sacharzewska E, et al. Serum immunoglobulin

E reactivity to cross‐reacting panallergen components in north‐
eastern Poland patients pollen sensitized. Allergy Asthma Proc.
2020;41(3):183‐191. https://doi.org/10.2500/aap.2020.41.200002

5. Asero R, Jimeno L, Barber D. Preliminary results of a skin prick test‐
based study of the prevalence and clinical impact of hypersensitivity

to pollen panallergens (polcalcin and profilin). J Investig Allergol Clin
Immunol. 2010;20(1):35‐38.

6. Asero R, Tripodi S, Dondi A, et al. Prevalence and clinical relevance

of IgE sensitization to profilin in childhood: a multicenter study. Int
Arch Allergy Immunol. 2015;168(1):25‐31. https://doi.org/10.1159/
000441222

7. Cuesta‐Herranz J, Barber D, Blanco C, et al. Differences among
pollen‐allergic patients with and without plant food allergy. Int Arch
Allergy Immunol. 2010;153(2):182‐192. https://doi.org/10.1159/
000312636

8. Barber D, de la Torre F, Feo F, et al. Understanding patient sensi-

tization profiles in complex pollen areas: a molecular epidemiological

study. Allergy. 2008;63(11):1550‐1558. https://doi.org/10.1111/j.
1398‐9995.2008.01807.x

9. Niederberger V, Hayek B, Vrtala S, et al. Calcium‐dependent immu-
noglobulin E recognition of the apo‐ and calcium‐bound form of a
cross‐reactive two EF‐hand timothy grass pollen allergen, Phl p 7.
Faseb j. 1999;13(8):843‐856. https://doi.org/10.1096/fasebj.13.8.843

10. Barber D, Diaz‐Perales A, Escribese MM, et al. Molecular allergology
and its impact in specific allergy diagnosis and therapy. Allergy.
2021;76(12):3642‐3658. https://doi.org/10.1111/all.14969

11. Sastre J, Landivar ME, Ruiz‐García M, Andregnette‐Rosigno MV,
Mahillo I. How molecular diagnosis can change allergen‐specific
immunotherapy prescription in a complex pollen area. Allergy.
2012;67(5):709‐711. https://doi.org/10.1111/j.1398‐9995.2012.02
808.x

12. Passalacqua G, Melioli G, Bonifazi F, et al. The additional values of

microarray allergen assay in the management of polysensitized pa-

tients with respiratory allergy. Allergy. 2013;68(8):1029‐1033.
https://doi.org/10.1111/all.12194

13. Stringari G, Tripodi S, Caffarelli C, et al. The effect of component‐
resolved diagnosis on specific immunotherapy prescription in chil-

dren with hay fever. J Allergy Clin Immunol. 2014;134(1):75‐81.
https://doi.org/10.1016/j.jaci.2014.01.042

14. De Vouge MW, Thaker AJ, Curran IH, et al. Isolation and expression

of a cDNA clone encoding an Alternaria alternata Alt a 1 subunit. Int
Arch Allergy Immunol. 1996;111(4):385‐395. https://doi.org/10.1159/
000237397

15. Twaroch TE, Focke M, Fleischmann K, et al. Carrier‐bound Alt a 1
peptides without allergenic activity for vaccination against Alter-

naria alternata allergy. Clin Exp Allergy. 2012;42(6):966‐975. https://
doi.org/10.1111/j.1365‐2222.2012.03996.x

16. Asturias JA, Ibarrola I, Ferrer A, et al. Diagnosis of Alternaria

alternata sensitization with natural and recombinant Alt a 1 aller-

gens. J Allergy Clin Immunol. 2005;115(6):1210‐1217. https://doi.org/
10.1016/j.jaci.2005.02.012

17. Rodríguez D, Tabar AI, Castillo M, Martínez‐Gomariz M, Dobski IC,
Palacios R. Changes in the sensitization pattern to Alternaria alter-

nata allergens in patients treated with Alt a 1 immunotherapy. J
Fungi (Basel). 2021;7(11):974. https://doi.org/10.3390/jof7110974

18. Asero R, Wopfner N, Gruber P, Gadermaier G, Ferreira F. Artemisia

and Ambrosia hypersensitivity: co‐sensitization or co‐recognition?
Clin Exp Allergy. 2006;36(5):658‐665. https://doi.org/10.1111/j.
1365‐2222.2006.02477.x

19. Jahn‐Schmid B, Harwanegg C, Hiller R, et al. Allergen microarray:
comparison of microarray using recombinant allergens with con-

ventional diagnostic methods to detect allergen‐specific serum
immunoglobulin E. Clin Exp Allergy. 2003;33(10):1443‐1449. https://
doi.org/10.1046/j.1365‐2222.2003.01784.x

20. Bordas‐Le Floch V, Le Mignon M, Bouley J, et al. Identification of
novel short ragweed pollen allergens using combined transcriptomic

and immunoproteomic approaches. PLoS One. 2015;10(8):e0136258.
https://doi.org/10.1371/journal.pone.0136258

21. Adolphson C, Goodfriend L, Gleich GJ. Reactivity of ragweed aller-

gens with IgE antibodies. Analyses by leukocyte histamine release

and the radioallergosorbent test and determination of cross‐
reactivity. J Allergy Clin Immunol. 1978;62(4):197‐210. https://doi.
org/10.1016/0091‐6749(78)90208‐7

22. Gadermaier G, Wopfner N, Wallner M, et al. Array‐based profiling of
ragweed and mugwort pollen allergens. Allergy. 2008;63(11):
1543‐1549. https://doi.org/10.1111/j.1398‐9995.2008.01780.x

23. de la Hoz F, Polo F, Moscoso del Prado J, Sellés JG, Lombardero M,

Carreira J. Purification of Art v I, a relevant allergen of Artemisia

vulgaris pollen. Mol Immunol. 1990;27(7):651‐657. https://doi.org/
10.1016/0161‐5890(90)90008‐n

24. Oberhuber C, Ma Y, Wopfner N, et al. Prevalence of IgE‐binding to
Art v 1, Art v 4 and Amb a 1 in mugwort‐allergic patients. Int Arch
Allergy Immunol. 2008;145(2):94‐101. https://doi.org/10.1159/000
108134

25. Deng S, Yin J. Mugwort pollen‐related food allergy: lipid transfer
protein sensitization and correlation with the severity of allergic

reactions in a Chinese population. Allergy Asthma Immunol Res.
2019;11(1):116‐128. https://doi.org/10.4168/aair.2019.11.1.116

26. Himly M, Jahn‐Schmid B, Dedic A, et al. Art v 1, the major allergen of
mugwort pollen, is a modular glycoprotein with a defensin‐like and a
hydroxyproline‐rich domain. FASEB J. 2003;17(1):106‐108. https://
doi.org/10.1096/fj.02‐0472fje

27. Valenta R, Duchene M, Vrtala S, et al. Recombinant allergens

for immunoblot diagnosis of tree‐pollen allergy. J Allergy Clin
Immunol. 1991;88(6):889‐894. https://doi.org/10.1016/0091‐6749
(91)90245‐j

28. Movérare R, Westritschnig K, Svensson M, et al. Different IgE

reactivity profiles in birch pollen‐sensitive patients from six Euro-
pean populations revealed by recombinant allergens: an imprint of

KOCH ET AL. - 9 of 10

https://orcid.org/0000-0003-2091-5411
https://orcid.org/0000-0003-2091-5411
https://orcid.org/0000-0002-5489-2070
https://orcid.org/0000-0002-5489-2070
https://doi.org/10.1111/all.13317
https://doi.org/10.1159/000067591
https://doi.org/10.1159/000067591
https://doi.org/10.1111/all.12229
https://doi.org/10.1111/all.12229
https://doi.org/10.2500/aap.2020.41.200002
https://doi.org/10.1159/000441222
https://doi.org/10.1159/000441222
https://doi.org/10.1159/000312636
https://doi.org/10.1159/000312636
https://doi.org/10.1111/j.1398-9995.2008.01807.x
https://doi.org/10.1111/j.1398-9995.2008.01807.x
https://doi.org/10.1096/fasebj.13.8.843
https://doi.org/10.1111/all.14969
https://doi.org/10.1111/j.1398-9995.2012.02808.x
https://doi.org/10.1111/j.1398-9995.2012.02808.x
https://doi.org/10.1111/all.12194
https://doi.org/10.1016/j.jaci.2014.01.042
https://doi.org/10.1159/000237397
https://doi.org/10.1159/000237397
https://doi.org/10.1111/j.1365-2222.2012.03996.x
https://doi.org/10.1111/j.1365-2222.2012.03996.x
https://doi.org/10.1016/j.jaci.2005.02.012
https://doi.org/10.1016/j.jaci.2005.02.012
https://doi.org/10.3390/jof7110974
https://doi.org/10.1111/j.1365-2222.2006.02477.x
https://doi.org/10.1111/j.1365-2222.2006.02477.x
https://doi.org/10.1046/j.1365-2222.2003.01784.x
https://doi.org/10.1046/j.1365-2222.2003.01784.x
https://doi.org/10.1371/journal.pone.0136258
https://doi.org/10.1016/0091-6749(78)90208-7
https://doi.org/10.1016/0091-6749(78)90208-7
https://doi.org/10.1111/j.1398-9995.2008.01780.x
https://doi.org/10.1016/0161-5890(90)90008-n
https://doi.org/10.1016/0161-5890(90)90008-n
https://doi.org/10.1159/000108134
https://doi.org/10.1159/000108134
https://doi.org/10.4168/aair.2019.11.1.116
https://doi.org/10.1096/fj.02-0472fje
https://doi.org/10.1096/fj.02-0472fje
https://doi.org/10.1016/0091-6749(91)90245-j
https://doi.org/10.1016/0091-6749(91)90245-j
https://orcid.org/0000-0003-2091-5411
https://orcid.org/0000-0002-5489-2070


local sensitization. Int Arch Allergy Immunol. 2002;128(4):325‐335.
https://doi.org/10.1159/000063855

29. Tresch S, Holzmann D, Baumann S, et al. In vitro and in vivo aller-

genicity of recombinant Bet v 1 compared to the reactivity of natural

birch pollen extract. Clin Exp Allergy. 2003;33(8):1153‐1158. https://
doi.org/10.1046/j.1365‐2222.2003.01717.x

30. Ciprandi G, Comite P, Mussap M, et al. Profiles of birch sensitization

(Bet v 1, Bet v 2, and Bet v 4) and oral allergy syndrome across Italy.

J Investig Allergol Clin Immunol. 2016;26(4):244‐248. https://doi.org/
10.18176/jiaci.0041

31. BarderasR, PurohitA, Papanikolaou I, RodríguezR, PauliG, VillalbaM.

Cloning, expression, andclinical significanceof themajor allergen from

ash pollen, Fra e 1. J Allergy Clin Immunol. 2005;115(2):351‐357.
https://doi.org/10.1016/j.jaci.2004.10.001

32. Imhof K, Probst E, Seifert B, Regenass S, Schmid‐Grendelmeier P.
Ash pollen allergy: reliable detection of sensitization on the basis of

IgE to Ole e 1. Allergo J Int. 2014;23(3):78‐83. https://doi.org/10.
1007/s40629‐014‐0010‐8

33. Eder K, Gellrich D, Meßmer C, Canis M, Gröger M. Component

resolved analysis of ash pollen allergy in Bavaria. Allergy Asthma
Clin Immunol. 2018;14(1):76. https://doi.org/10.1186/s13223‐018‐
0291‐4

34. Barber D, de la Torre F, Lombardero M, et al. Component‐resolved
diagnosis of pollen allergy based on skin testing with profilin, polcal-

cin and lipid transfer protein pan‐allergens. Clin Exp Allergy.
2009;39(11):1764‐1773. https://doi.org/10.1111/j.1365‐2222.2009.
03351.x

35. Andersson K, Lidholm J. Characteristics and immunobiology of grass

pollen allergens. Int Arch Allergy Immunol. 2003;130(2):87‐107.
https://doi.org/10.1159/000069013

36. Laffer S, Spitzauer S, Susani M, et al. Comparison of recombinant

timothy grass pollen allergens with natural extract for diagnosis of

grass pollen allergy in different populations. J Allergy Clin Immunol.
1996;98(3):652‐658. https://doi.org/10.1016/s0091‐6749(96)700
99‐4

37. Cipriani F, Mastrorilli C, Tripodi S, et al. Diagnostic relevance of IgE

sensitization profiles to eight recombinant Phleum pratense mole-

cules.Allergy. 2018;73(3):673‐682. https://doi.org/10.1111/all.13338
38. Valenta R, Vrtala S, Ebner C, Kraft D, Scheiner O. Diagnosis of grass

pollen allergy with recombinant timothy grass (Phleum pratense)

pollen allergens. Int Arch Allergy Immunol. 1992;97(4):287‐294.
https://doi.org/10.1159/000236135

39. Bokanovic D, Aberer W, Hemmer W, et al. Determination of sIgE to

rPhl p 1 is sufficient to diagnose grass pollen allergy. Allergy.
2013;68(11):1403‐1409. https://doi.org/10.1111/all.12263

40. Nolte H, Maloney J, Nelson HS, et al. Onset and dose‐related effi-
cacy of house dust mite sublingual immunotherapy tablets in an

environmental exposure chamber. J Allergy Clin Immunol. 2015;
135(6):1494‐1501.e1496. https://doi.org/10.1016/j.jaci.2014.12.

1911

41. Tripodi S, Frediani T, Lucarelli S, et al. Molecular profiles of IgE to

Phleum pratense in children with grass pollen allergy: implications

for specific immunotherapy. J Allergy Clin Immunol. 2012;129(3):
834‐839.e838. https://doi.org/10.1016/j.jaci.2011.10.045

42. Jakob T, Forstenlechner P, Matricardi P, Kleine‐Tebbe J. Molecular
allergy diagnostics using multiplex assays: methodological and

practical considerations for use in research and clinical routine: Part

21 of the Series Molecular Allergology. Allergo J Int. 2015;24(8):
320‐332. https://doi.org/10.1007/s40629‐015‐0087‐8

43. Koch L, Laipold K, Arzt‐Gradwohl L, et al. IgE multiplex testing in
house dust mite allergy is utile, and sensitivity is comparable to

extract‐based singleplex testing. Allergy. 2020;75(8):2091‐2094.
https://doi.org/10.1111/all.14271

44. Hemmer W, Altmann F, Holzweber F, Gruber C, Wantke F, Wöhrl S.

ImmunoCAP cellulose displays cross‐reactive carbohydrate deter-
minant (CCD) epitopes and can cause false‐positive test results in
patients with high anti‐CCD IgE antibody levels. J Allergy Clin
Immunol. 2018;141(1):372‐381. https://doi.org/10.1016/j.jaci.2017.
04.028

How to cite this article: Koch L, Laipold K, Arzt‐Gradwohl L,
et al. Molecular allergy diagnosis is sensitive and avoids

misdiagnosis in patients sensitized to seasonal allergens. Clin

Transl Allergy. 2023;e12231. https://doi.org/10.1002/clt2.

12231

10 of 10 - KOCH ET AL.

https://doi.org/10.1159/000063855
https://doi.org/10.1046/j.1365-2222.2003.01717.x
https://doi.org/10.1046/j.1365-2222.2003.01717.x
https://doi.org/10.18176/jiaci.0041
https://doi.org/10.18176/jiaci.0041
https://doi.org/10.1016/j.jaci.2004.10.001
https://doi.org/10.1007/s40629-014-0010-8
https://doi.org/10.1007/s40629-014-0010-8
https://doi.org/10.1186/s13223-018-0291-4
https://doi.org/10.1186/s13223-018-0291-4
https://doi.org/10.1111/j.1365-2222.2009.03351.x
https://doi.org/10.1111/j.1365-2222.2009.03351.x
https://doi.org/10.1159/000069013
https://doi.org/10.1016/s0091-6749(96)70099-4
https://doi.org/10.1016/s0091-6749(96)70099-4
https://doi.org/10.1111/all.13338
https://doi.org/10.1159/000236135
https://doi.org/10.1111/all.12263
https://doi.org/10.1016/j.jaci.2014.12.1911
https://doi.org/10.1016/j.jaci.2014.12.1911
https://doi.org/10.1016/j.jaci.2011.10.045
https://doi.org/10.1007/s40629-015-0087-8
https://doi.org/10.1111/all.14271
https://doi.org/10.1016/j.jaci.2017.04.028
https://doi.org/10.1016/j.jaci.2017.04.028
https://doi.org/10.1002/clt2.12231
https://doi.org/10.1002/clt2.12231

	Molecular allergy diagnosis is sensitive and avoids misdiagnosis in patients sensitized to seasonal allergens
	1 | INTRODUCTION
	2 | METHODS
	2.1 | Analysis 1. Prevalence of pollen sensitization
	2.2 | Analysis 2. Sensitization to CCDs and pollen panallergens
	2.3 | Analysis 3. Sensitivity of major marker allergens
	2.4 | Analysis 4. Specificity of major marker allergens
	2.5 | Skin tests
	2.6 | Singleplex sIgE testing
	2.7 | Multiplex sIgE testing
	2.8 | Sample size calculation & statistical analyses

	3 | RESULTS
	3.1 | Prevalence of pollen sensitization
	3.2 | Correlation of sIgE and prick test results
	3.3 | Sensitizations to CCDs and pollen panallergens
	3.4 | Correlation of sIgE to extracts and major molecular marker allergens
	3.5 | Sensitivity of MAD
	3.6 | Specificity of MAD
	3.7 | Correlation of the molecular test results

	4 | DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	CONFLICTS OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT


