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Zusammenfassung 

Hintergrund: Die allergenspezifische Immuntherapie ist die einzige kausale Therapie 

inhalativer Soforttypallergien, vorausgesetzt das krankheitsauslösende Allergen wird korrekt 

identifiziert. Bedauerlicherweise wird die Spezifität der Diagnose mittels Extrakten durch 

Kreuzreaktionen unter anderem aufgrund von Sensibilisierungen gegenüber kreuzreagierenden 

Kohlenhydrat-Determinanten (CCDs), Profilinen und Polcalcinen beeinflusst. In Folge kann es 

zu Fehldiagnosen und Verschreibung falscher Immuntherapien kommen. Die molekulare 

Allergiediagnostik (MAD) könnte diese Fehler verhindern. Ziel dieser Dissertation war es, die 

Verlässlichkeit der MAD zur Diagnose von Allergien gegenüber Hausstaubmilbe (HSM) und 

den sechs häufigsten saisonalen Allergenquellen in Österreich (Alternaria sowie Pollen von 

Esche, Birke, Gräsern, Beifuß und Ambrosia) zu untersuchen. 

Methodik: Im ersten Teil wurden anhand von 215 Patient*innen die Sensitivität molekularer 

Hausstaubmilbenallergene mit verschiedenen Testsystemen analysiert. Im zweiten Teil wurde 

zuerst die Häufigkeit einer Pollensensibilisierung bei 2.948 Patient*innen evaluiert. Bei 600 

dieser Patient*innen wurde daraufhin die Prävalenz von Kreuzreaktionen studiert. 

Anschließend wurde anhand 742 Patient*innen die Sensitivität und Spezifität saisonaler 

molekularer Allergene untersucht. 

Resultate: Die molekulare Sensitivität der Diagnose einer HSM-Allergie mit zumindest Der p 

1, 2, und 23 betrug je nach Methode zwischen 93,0% und 94,9%; bei Extraktwerten > 3.5 kUA/L 

betrug sie sogar 99,3%. 1.627 Patient*innen (55,2%) waren positiv auf zumindest eine und 

1.002 (34,0%) waren positiv auf mehrere der fünf untersuchten Pollenquellen. In etwa jede/r 

Zehnte (10,2%) aller zur Allergiediagnostik Überwiesenen und beinahe jede/r fünfte (18,5%) 

pollensensibilisierte Patient*in zeigte Reaktivität auf mindestens ein kreuzreagierendes 

Allergen (CCDs, Profilin oder Polcalcin) und war deshalb gefährdet fehldiagnostiziert zu 

werden. Die Sensitivität der saisonalen MAD betrug zwischen 96,2% und 100% mittels 

ImmunoCAP und zwischen 91,5% und 100% mittels ALEX2. Außer Art v 1 bestimmt mit 

ALEX2 in Sera mit sehr niedrigen Beifußextraktwerten waren alle molekularen 

Markerallergene (Alt a 1, Amb a 1, Art v 1, Bet v 1, Fra / Ole e 1, Phl p 1 and 5) statistisch 

gleichwertig zur extraktbasierten Diagnose in beiden Testsystemen. Die Spezifität war 100% 

für alle saisonalen Allergene in beiden Testsystemen. 

Schlussfolgerung: Die MAD mittels kommerziell verfügbarer Testsysteme ist sensitiv und 

zuverlässig in der Diagnose von Allergien gegenüber HSM und saisonalen Aeroallergenen. Sie 

hilft primäre Allergenquellen korrekt zu ermitteln und dadurch Fehldiagnosen zu vermeiden.  
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Abstract 

Background: Allergen immunotherapy is the only causal treatment of respiratory allergy. 

Identifying the correct allergens is necessary to prescribe effective immunotherapies; however, 

the specificity of extract-based allergy diagnosis is impaired by cross-reactivity due to cross-

reactive carbohydrate determinants (CCDs), profilins, or polcalcins. Consequently, cross-

reactivity may lead to misdiagnosis and the prescription of wrong immunotherapies. Molecular 

allergy diagnostics (MAD) may avoid the confounding effects of cross-reactivity. This thesis 

aimed to investigate the reliability of MAD with different commercially available methods to 

diagnose allergy to house dust mite (HDM) and the six most common seasonal allergens in 

Austria: Alternaria and pollen of ash, birch, timothy grass, mugwort and ragweed. 

Methods: First, 215 patients were investigated to determine the sensitivity of molecular HDM 

allergy diagnosis using four different test methods. In the second part, the incidence of multiple 

pollen-sensitization was analyzed in 2,948 patients. In 600 of these patients, the prevalence of 

cross-reactivity was explored. In addition, sensitivity and specificity of seasonal molecular 

allergy diagnosis were investigated in 742 patients using two different test methods. 

Results: The sensitivities of molecular tests were correlated to allergen-specific 

immunoglobulin E (sIgE) levels to the extract. The overall sensitivity to diagnose HDM allergy 

using at least Der p 1, 2 and 23 ranged between 93.0% and 94.9%, depending on the method 

performed. A sensitivity of 99.3% was observed in sera with extract levels > 3.5 kUA/l. Pollen 

allergy was prevalent in our study population. 1,627 patients (55.2%) were positive to at least 

one, and 1,002 patients (34.0%) were positive to more than one of the five pollen allergens 

investigated. About one tenth (10.2%) of all patients referred to allergy diagnosis, and nearly 

one-fifth (18.5%) of all pollen-allergic patients had reactivity to at least one cross-reactive 

allergen (CCDs, profilin or polcalcin) and were therefore at potential risk of misdiagnosis. The 

sensitivity of seasonal MAD was high, with sensitivities between 96.2% and 100% using 

ImmunoCAP and 91.5% and 100% using ALEX2. Apart from Art v 1 determined with ALEX2 

in sera with low mugwort-extract levels, all molecular allergens (Alt a 1, Amb a 1, Art v 1, Bet 

v 1, Fra / Ole e 1, Phl p 1 and 5) performed statistically equally to extract-based diagnosis in 

both methods. Specificity was 100% for both platforms and all seasonal molecular marker 

allergens. 

Conclusions: MAD using commercially available methods is a sensitive and reliable technique 

to diagnose allergy to HDM and seasonal aeroallergens. MAD helps to avoid misdiagnosis and 

to correctly select primary allergen sources for immunotherapy. 
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1. Introduction 

1.1. Allergy 

The term allergy was introduced by Clemens von Pirquet in 1906 to create awareness that some 

individuals show unusual reactions when exposed to foreign substances 1. Today, the definition 

of allergy and allergic diseases is an abnormal adaptive immune response against innocuous, 

non-infectious external substances called allergens 2. In recent decades, the scientific 

community has discovered several different types of allergic diseases. In 1963, about 60 years 

after Pirquet’s initial observation, Philip George Houthem Gell and Robert Royston Amos 

Coombs categorized the main different reaction patterns into four categories: immediate (type 

I hypersensitivity), cytotoxic (type II hypersensitivity), immune complex-mediated (type III 

hypersensitivity) and delayed (type IV hypersensitivity) 3. Today, more than 50 years later, the 

main principles of their classification are still valid, although some reaction types, especially 

type IV hypersensitivity, have been elaborated and further categorized 4.  

This thesis focuses on immediate-type or type I hypersensitivity reactions, defined by 

Immunoglobulin E-mediated (IgE-mediated) reactions with the support of T cells (especially T 

helper 2 cells), mast cells and basophils 2. Type I hypersensitivity has two stages: the initial 

sensitization and the effector stage 5. 

Contact of the adaptive immune system of a genetically susceptible individual with an allergen 

leads to sensitization (primary immune response). Sensitization, which may happen at the first 

contact of the immune system with a specific allergen or later, leads to the formation of sIgE 

antibodies. These antibodies circulate in the blood and can be bound onto the surface of immune 

cells such as mast cells or basophils. The effector stage of type I hypersensitivity is triggered 

upon repeated allergen contact and occurs within minutes 6. The IgE antibodies bound onto 

high-affinity IgE receptors on mast cells and basophils are crosslinked by the allergen, resulting 

in activation of mast cells and basophils 2. Stimulation of these cells leads to the release of 

preformed (histamine, heparin, serine proteases such as tryptase and others) and de novo 

synthesized (e.g. prostaglandins, leukotrienes, platelet-activating factor) mediators 7. These 

mediators cause vasodilatation, increased vascular permeability and functional changes 2. 

Symptoms of type I hypersensitivity reactions range from acute and severe (e.g. a fatal 

anaphylactic reaction after a Hymenoptera sting) to chronic and mild (e.g. rhinoconjunctivitis 

due to pollinosis). 
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1.2. Aeroallergens 

Aeroallergens are allergens primarily spread via air. Inhalation of aeroallergens induces 

inhalant symptoms such as rhinitis and lower respiratory tract inflammation like bronchitis or 

asthma. In addition, they cause conjunctivitis and, more rarely when in higher concentrations, 

dermatitis. Allergy to aeroallergens is a prevalent chronic disease. It has been estimated that 

more than 300 million and around 400 million individuals worldwide are affected by asthma 

and rhinoconjunctivitis, respectively 8. In Austria, 24% of residents more than 14 years old 

suffer from allergy, a slightly higher proportion of females (27%) than males (22%) 9. The 

distribution and relevance of aeroallergens vary according to a multitude of different factors 

like geographical region, season, temperature or humidity. In addition, climate change may lead 

to various distribution and seasonal patterns of some allergens in the future 10. Some 

aeroallergens, such as house dust mites, cause problems throughout the year (“perennial 

allergens”), whereas others, such as tree pollen, peak at different times in the seasons of the 

year (“seasonal allergens”). 

 

At the planning stage of this thesis, we first focused on the most relevant aeroallergens in 

Austria. A previous evaluation of prick test sensitization rates in patients visiting the allergy 

centre “Floridsdorf Allergy Centre” in Vienna because of suspected allergy problems assessed 

between 1997-2007 showed the following prevalence: 56.3% grass pollen, 41.7% birch pollen, 

37.2% house dust mite, 33.1% cat, 21.9% mugwort pollen, 17.7% ash pollen, 16.4% dog, 12.3% 

plantain pollen, 11.1% ragweed pollen and 8.1% Alternaria 11. To exclude a potential prick test 

bias, we investigated specific Immunoglobulin E (sIgE) analysis results from patients referred 

to the Allergy Outpatient Clinic Reumannplatz in Vienna between 2014-2017 and observed a 

slightly different allergen order and lower prevalence rates (Figure 1).  
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Figure 1: Sensitization prevalence in the Allergy Outpatient Clinic Reumannplatz  

 

The seven most common aeroallergens in this IgE analysis were: pollen from timothy grass 

(28.4%), birch (21.3), mugwort (7.9%), ash (4.5%) and ragweed (2.9%), as well as house dust 

mites (22.8%) and Alternaria (2.9%). For this reason, these seven allergens were selected for 

further studies. 

Plantain pollen was not considered particularly clinically relevant in our patient population as 

in-vivo and in-vitro tests against plantain are typically blurred due to cross-reactivity 12. In 

addition, allergy to cats and dogs was not investigated because molecular sensitization patterns 

in animal allergy in Austria have already been addressed elsewhere 13. 

 

1.3. Diagnosis of type I hypersensitivity 

In general, the diagnosis of any disease is based on three firm foundations: medical history 

obtained from the patient, physical signs noticed upon examination and diagnostic tests. In 

allergic diseases, patient reported symptoms upon allergen contact and sensitization based on 

diagnostic tests are conditiones sine quibus non. In case of symptoms without sensitization, 

non-allergic diseases have to be considered. On the other hand, a patient who is sensitized in a 

test but without symptoms is not allergic per definition, although sensitization can be 

preclinical, and symptoms may develop at any time later. 

 

Thus, expressed as a simple formula: Allergy = Symptom(s) × Sensitization 

 

Diagnosis of type I allergy is always based on medical history (to evaluate symptoms) and 

diagnostic tests, for example, skin prick testing and in-vitro testing (to assess sensitization). But 
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again, positive test results alone, especially in-vitro, represent sensitization only and not an 

allergy. Every positive test result must, therefore, always be correlated with the patient's clinical 

history 14. Nowadays, an offer is made to send a blood sample to a laboratory where an allergen 

chip test with hundreds of allergens is performed. The test can be bought online; however, 

results can be confusing for the patient as the meaning of the results is not explained by a 

specialist. Ideally, the relevance of sensitization determined with in-vitro tests should be 

evaluated with specific provocation tests; or at least additional in-vivo testing. 

 

The two core characteristics describing the reliability of any diagnostic test are sensitivity and 

specificity. The sensitivity of a test is the percentage of patients correctly identified from all 

patients with the disease. For example, if 90 out of 100 allergic patients are correctly diagnosed 

with an allergy test, the sensitivity would be 90%. In this case, 10% of patients with the disease 

would be missed due to false-negative results. 

On the other hand, the specificity of a test indicates whether a test can correctly identify healthy 

people not suffering from the disease. For example, if a test is correctly negative in 95 out of 

100 healthy individuals, the specificity would be 95%; however, in this case, 5% of the healthy 

individuals tested would receive false-positive results. 

Diagnostic allergy tests, especially sIgE determinations, are prone to error due to decreased 

specificity because of cross-reactivity (see below). 

 

1.3.1. Medical history 

First, the medical history is necessary to evaluate whether the patients’ symptoms fit allergic 

disease. It has been reported that approximately one-half of patients presenting with suspected 

allergy symptoms in primary care may be non-allergic 15. Medical history is, therefore, the 

essential filter before performing any allergy test. Second, conducting a medical history helps 

identify and narrow down potential allergens for further diagnostic.  

Typical questions include (i) symptoms such as conjunctivitis, rhinitis, cough or dyspnea, (ii) 

onset and time course, for example, seasonal vs. perennial, (iii) prior diseases and regular drug 

intake, (iv) already-used therapies and their effect, (v) family history, (vi) occupation and 

hobbies, (vii) smoking habits, (viii) symptoms linked to food, and others. 

Nevertheless, taking a medical history has limitations. Sometimes patients suspect wrong 

elicitors, forget details or even lie deliberately. For these reasons, a medical history can also 

point in the wrong direction, and repeated interviews are frequently necessary to confirm or 

rule out positive test results. Repetition is especially critical when a predefined panel of 
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(hundreds of) allergens is tested because inevitably, positive results will arise with the need for 

differentiation between allergy and sensitization. 

Because allergic and non-allergic diseases may reveal similar symptoms, for example, rhinitis, 

a medical history alone without a confirming allergy test is always insufficient for a reliable 

allergy diagnosis.  

 

1.3.2. Skin prick testing 

Skin prick testing represents the primary diagnostic test for type I allergy diagnosis 14. Prick 

testing is minimally invasive and the most frequently performed in-vivo test for IgE-mediated 

allergy. In adults, the test is usually performed at the volar aspects of the forearms because these 

skin areas are easily accessible. Skin tests can also be performed in infants 16. Here, the back 

skin is commonly used, which has the advantage that the potential test area is more extensive, 

and the children cannot see what is happening. 

 

The basic principle of a skin prick test is inserting allergens into the skin using a pricking needle 

to make them accessible for immune cells; therefore, one drop of a solution containing 

allergen(s) is applied to the skin. By pricking into the skin through the drop, small amounts of 

allergens are transported into the skin. Standardized solutions are commercially available for 

the essential type I allergens such as pollen, mites, moulds and some foods. A negative control 

(saline solution – no reaction expected) and positive control (e.g. histamine hydrochloride 

solution – positive response expected) are necessary when performing skin prick tests to detect 

conditions of overreaction or underreaction of the patient's skin 14. After a waiting time of 15 

minutes, the prick test is evaluated. Usually, a wheal larger than 3 mm at a respective test area 

implies a positive reaction 14. 

 

Skin prick testing has some limitations. Firstly, commercially available extracts contain not 

only single allergens but a mixture of allergens of the respective allergen sources and are 

therefore prone to cross-reactivity.  

The second limitation is that some allergens of the respective allergen source may be 

underrepresented in commercially available allergen extracts; for example, either due to the 

production process or because the allergen is lipophilic – the latter is a problem because prick 

test extracts are aqueous solutions. This underrepresentation of different allergens has been 

shown, for example, for house dust mite or hazelnut allergens 17,18. Furthermore, extracts for 

some foods and rare allergens are not commercially available or poorly standardized leading to 
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less reliable prick test results; therefore, the prick-to-prick technique is frequently utilized, 

where the lancet is plunged several times into the allergen source (e.g. an apple) immediately 

before pricking the patient's skin. For some food allergens, it has been shown that prick-to-prick 

testing has higher sensitivity than testing with commercial food extracts 19-21. 

Thirdly, interpretation of prick test results can be difficult or altered in patients with skin 

diseases, such as eczema or dermographism, or after intake of certain medications. Especially 

oral H1-antihistamines, but also some other drugs such as anxiolytics, decrease diagnostic 

sensitivity 14,22. For example, a recent study showed strong suppression of skin prick tests by 

mirtazapine and quetiapine 23.  

Fourthly, the quality of the skin test depends greatly on the performing and interpreting 

healthcare professional, implicating a risk of subjectiveness bias compared to objective 

laboratory analyses. 

 

1.3.3. Intracutaneous testing 

The intracutaneous test or intradermal test is similar to the skin prick test. The difference is that 

the allergen-containing solution is directly injected intradermally using a syringe with a small 

needle. It has been reported that intracutaneous testing is more sensitive and reproducible than 

skin prick testing 24; however, because of different factors such as time, patient comfort or 

extract composition needed, prick tests are more practicable 25. 

As in prick testing, an intradermal test is assessed after a waiting time of 15 minutes after 

allergen application. In addition, the intradermal test can also be used for late assessments to 

evaluate potential type IV allergies. This possibility is especially interesting for diagnosing drug 

allergies when the type of reaction (type I versus type IV) cannot be fully differentiated based 

on the medical history; therefore, drug allergy is the main indication for this test. Furthermore, 

it is used for diagnosing Hymenoptera allergy. It is not regularly applied for diagnosing 

aeroallergens, however. When analyzing aeroallergens, it has been shown that prick testing has 

better specificity and similar sensitivity 26-28. 

 

1.3.4. IgE determination 

The determination of specific IgE (sIgE) against the suspected allergen(s) in a patient’s serum 

is the classical in-vitro test of type I allergy. Different read-outs can quantify the number of 

antibodies in the individual serum. Using radioallergosorbent tests (RAST), quantification used 

to be semiquantitatively in RAST classes from 0 to 6. With modern fluorescence enzyme-linked 

immunoassays, such as the ImmunoCAP™ 1000 platform (CAP, Thermo Fisher Scientific, 
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Waltham, Massachusetts, USA), quantification is more precise and results are stated in kilounits 

of allergen-specific IgE per litre (kUA/l) 29. 

Accurate assessment of sIgE is critical for the identification of the causative allergen and may 

predict the probability of disease severity 15. In addition, sIgE measurements and the cut-offs 

used (e.g. 0.35 kUA/l using CAP) are not dichotomously positive or negative. Although very 

low sIgE, for example, 0.25 kUA/l, is considered “negative”, it may be relevant in some patients. 

It is, therefore, necessary to interpret sIgE in relation to the total IgE of the patient; 0.25 kUA/l 

of sIgE to a particular allergen is probably irrelevant in a patient with, for instance, 2000 kUA/l 

total IgE but may be relevant in a patient with only, for example, 20 kUA/l total IgE.  

 

To date, two different types of in-vitro sIgE tests are commercially available: singleplex assays 

to quantify sIgE against a single allergen and multiplex assays which allow the simultaneous 

measurement of multiple sIgE antibodies in one test run.  

 

Here is an example of a routinely performed singleplex test profile for the screening of inhalant 

allergy in Central Europe: 

 

Extract Name Botanical name 

Ash pollen European ash pollen Fraxinus excelsior 

Birch pollen Common silver birch pollen Betula verrucosa 

Grass pollen Timothy grass pollen Phleum pratense 

Alternaria Alternaria alternata spores Alternaria alternata 

Mugwort pollen Mugwort pollen Artemisia vulgaris 

Ragweed pollen Common ragweed pollen Ambrosia artemisiifolia 

House mite European house dust mite Dermatophagoides pteronyssinus 

 

Thus, using singleplex analysis, seven single test runs must be performed to analyze sIgE 

against these allergens. On the other hand, multiplex arrays explore reactivity to hundreds of 

allergens simultaneously and thereby generate a comprehensive allergen profile. To avoid 

paralysis by analysis, however, modern multiplex assays allow electronic customizations of the 

panels. Besides cost, the main disadvantage of such multiplex tests is that their diagnostic 

sensitivity may be decreased in patients with low sIgE levels because of higher detection limits, 

higher coefficients of variation and potential inhibition due to antigen-specific IgG 30. 
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Skin prick tests and sIgE measurements are not fully interchangeable and may be considered 

complementary 31; however, a good correlation between skin prick testing and IgE assays has 

been shown for some allergens 32.  

 

1.3.5. Basophil activation test 

For selected allergens, especially insect venoms or some drug allergens, the basophil activation 

test is used as an additional in-vitro test 33-35. After stimulation of a patient’s blood sample with 

an allergen, the degree of basophil degranulation, as assessed by degranulation-dependent 

CD63 surface expression, is measured by flow cytometry. The basophil activation test is a 

functional test and may reduce the need for in-vivo procedures 36; however, this test is rarely 

used to diagnose allergy to aeroallergens because (i) it is not available in many laboratories, (ii) 

it is not reimbursed by insurance companies, (iii) it is too laborious for very prevalent allergies 

such as pollen allergy, and (iv) prick tests and sIgE determinations work well for the diagnosis 

of pollen allergy despite the possibility of cross-reactivity (see below). 

 

1.3.6. Molecular Allergology 

Contrary to extract-based in-vivo and in-vitro testing, where extracts containing several 

potential allergens of an allergen source are tested, the principal idea of molecular allergology 

is to test for individual allergens of an allergen source. These individual molecular allergens, 

sometimes called molecular components, are highly purified proteins, either isolated directly 

from the natural allergen source or produced recombinantly. Tests using these molecular 

allergens inform about the “reactivity against a single antigen of an allergen source” rather than 

the “reactivity against the whole allergen source”. Thus, this technique enables a highly 

differentiated diagnosis and defines more detailed sensitization profiles of single individuals or 

groups. 

 

Due to significant advances in discovering distinct allergens in allergen sources, a standardized 

allergen nomenclature was introduced in 1986 37 and has been updated and revised several times 

38,39. This official terminology provided by the Allergen Nomenclature Sub-Committee of the 

World Health Organization and the International Union of Immunological Societies is available 

up-to-date online (www.allergen.org). It lists all currently defined allergens according to the 

following structure: 
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first three letters of the genus - first letter of the species - order of discovery 

for example 

 

Phl p 1 

Phleum pratense 1 

 

The origin of an allergen can be further denoted by adding an n (for natural) or r (for 

recombinant) in front of the allergen name, for example, nPhl p 1 or rPhl p 1, indicating that 

the allergen was derived from a natural allergen source or was produced by genetic engineering. 

This discrimination is relevant because despite purification procedures, naturally derived 

allergens may have cross-reactive carbohydrate determinants (CCDs) which recombinant 

allergens lack. The reason is that recombinant allergens are mainly produced in bacteria, for 

example, in Escherichia coli, and post-translational protein modification in bacteria is limited 

compared to eukaryotic cells 40. 

 

For the last forty years, an allergen has been classified as a major allergen if the IgE binding 

frequency to a molecular allergen was >50% in a defined population. If below, it has been 

termed a minor allergen 41. This classification has helped to sort allergens by potential relevance 

in a population. Still, it has to be remembered that IgE reactivity to allergens (major allergens 

as well) is not always clinically relevant – IgE sensitization is not synonymous with allergy. On 

the other hand, “minor” allergens can elicit severe and clinically relevant allergenic activity 42. 

In addition, different members of an allergen family can be minor allergens in some allergen 

sources but major allergens in others. For example, the timothy grass pollen profilin Phl p 12 is 

a minor grass pollen allergen but the melon profilin Cuc m 2 is a major melon allergen 43. 

For a single allergic individual, it is of little importance whether the majority of the population 

has IgE reactivity to the same allergen or not. As a result, the terms major and minor allergens 

are not very useful for precision allergology, and it has recently been proposed that use of this 

major and minor classification should be ceased 44. 

 

1.4. The problem of extracts: cross-reactivity 

To date, prick testing and sIgE-based in-vitro testing using extracts are still the two mainstays 

of routinely performed type I allergy diagnostics. The main problem with any extract-based 

test, especially in the diagnosis of pollen allergy, is that test extracts may contain not just one 
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or a few but several allergens of the respective source. Some of these allergens are specific for 

the allergen source but unfortunately, some also exist in other allergen sources. It has been 

shown that pollen allergens belong to 29 of 7868 known protein families, and expansins, 

profilins, and calcium-binding proteins are the major pollen allergens 45. These proteins, 

especially profilin and calcium-binding proteins (polcalcins), are found in virtually every 

pollen, leading to cross-reactivity. Two allergens are cross-reactive when one can bind the 

specific IgE induced by the other. Cross-reactivity frequently occurs between allergens with 

similar sequences and three-dimensional structures, especially between highly conserved 

“panallergens” (such as profilin or polcalcin). Cross-reactivity usually requires more than 70% 

sequence identity and it is rarely observed below 50% sequence identity 46. Because profilins 

and polcalcins from different pollen sources share sequence identities between 70% to 85% and 

between 64% to 92% 45, they are typical candidates responsible for cross-reactivity. 

Discriminating between genuine sensitization or cross-reactivity can be challenging. For 

example, cross-reactivity based on panallergens such as profilins or polcalcins can be observed 

in prick and in-vitro testing when using extracts. In addition, when using extracts for sIgE 

determination, results can additionally be hampered by IgE antibodies against cross-reactive 

carbohydrate determinants (CCDs - see below). In general, cross-reactivity does not alter the 

diagnostic sensitivity of extract-based allergy tests (sensitized or allergic patients are still 

diagnosed correctly); however, cross-reactivity affects and lowers the specificity of these tests 

(patients may be misdiagnosed as sensitized or allergic, although they are not genuinely 

sensitized or allergic to the respective allergen(s)). 

 

1.4.1. Cross-reactive carbohydrate determinants 

Protein glycosylation is one of the major post-translational modifications of proteins. It alters 

the genetically determined primary structure of proteins by adding various carbohydrate 

structures. These carbohydrate modifications range from monosaccharides to highly complex 

branched polysaccharides. The two most important forms of protein glycosylation in plants and 

invertebrates are N-linked and O-linked glycosylation 47,48. A typical (initial) pathway of N-

glycosylation is conserved in eukaryotes. Still, the specific modifications of N-linked 

oligosaccharides in plants and invertebrates (insects) differ from those in vertebrates (humans) 

47,48. This difference can result in immunogenic structures such as β1,2-linked xylose and, most 

importantly, α1,3-linked fucose 47,48. The immunogenic effect that IgE antibodies in human sera 

can bind to many different plant and insect antigens was first detected in 1981. It was proposed 
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that these antigens were carbohydrates; thus, the term cross-reactive carbohydrate determinant 

(CCD) was first suggested 49. 

Nevertheless, it took more than a decade before intensive research identified the negative 

consequence of CCD cross-reactivity on routine allergy diagnosis using extracts. CCDs are 

widely distributed and found on proteins of plants, including pollens and food, as well as in 

insect venoms 50; therefore, IgE against CCDs is relevant due to interference with extract-based 

sIgE diagnostics, whereas skin tests seem to be unaffected. Initially, evidence of in-vitro activity 

of CCDs led to a controversial discussion in the literature regarding their in-vivo relevance 51,52. 

It is now common knowledge, however, that anti-CCD IgE to plants and insect venoms have 

poor biological activity and are considered clinically irrelevant 53-60. The two probably most 

striking sentences highlighting the clinical irrelevance of anti-CCD IgE are by Friedrich 

Altmann published in 2007: 

 

“It is highly unlikely that physicians would fail to notice if up to 20% of their patients had 

allergic episodes after they had ingested virtually every kind of vegetable food. A glycoprotein 

which binds IgE by CCDs only must therefore be rated as just a clinically irrelevant 

allergen.“ 58 

 

One of the most promising hypotheses to explain why anti-CCD IgE is biologically inactive is 

the presence of blocking CCD-specific IgG4 antibodies. As in patients treated with allergen-

immunotherapy, the constant natural exposure to ubiquitous CCDs, for example, via plant food, 

may lead to the formation of blocking anti-CCD IgG 58,61. 

It is worthy of mention, however, that clinically relevant IgE-antibodies directed to some unique 

glycoproteins exist, as it has been shown for sIgE-mediated allergy against Galactose-α-1,3-

Galacatose (α-Gal). Patients sensitized to this glycoprotein suffer from anaphylactic reactions 

after contact with certain drugs, for example, cetuximab, or after ingestion of mammalian meat 

and offal 62,63.  

 

Sensitization rates to classical CCDs vary enormously depending on the patient populations 

investigated. In addition, sensitization rates differ between the CCD-specific IgE antibodies 

tested (e.g. MUXF3, Bromelain, horseradish peroxidase) 64. Still, an overall rate of 

approximately 20–25% seems reasonable, as the most extensive studies so far have shown CCD 

reactivity in 22 and 23% 59,65. In contrast, another study investigating 1,025 adults showed 

reactivity to MUXF3 ≥ 0.35 kUA/l in only 5.6% of the study population; however, considering 
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a cut-off of ≥ 0.1 kUA/l, 18.0% would have been positive 66. It is worthy of note that it seems 

that the cut-off used for routine diagnostics, 0.35 kUA/l is not helpful for differentiating whether 

or not a serum has clinically relevant CCD-reactivity regarding cross-reactivity. In routine 

diagnostics, we have observed several times that MUXF3 below the cut-off of 0.35 kUA/l could 

induce false-positive extract results to pollen higher than 0.35 kUA/l, which would be 

considered positive. The current thesis will investigate this finding as a secondary research 

question: how prevalent is CCD sensitization below the 0.35 kUA/l cut-off and is it clinically 

relevant? 

Importantly, cellulose used as a solid-phase allergen carrier in the CAP platform can contain 

varying amounts of CCDs. As a consequence, false-positive test results up to 2 kUA/l may arise 

in patients with high levels of sIgE to CCDs, even when using nonglycosylated recombinant 

allergens 67. 

 

Unfortunately, many physicians are still unaware of CCDs and anti-CCD-antibodies and their 

negative effect on extract-based sIgE diagnostics (decreased specificity leading to false-positive 

test results). Consequently, patients are still at risk of being misdiagnosed based on wrong blood 

test results and undergoing inappropriate treatment and dietary restrictions. 

There are two approaches to dealing with the diagnostic CCD problem: CCD-IgE determination 

or CCD-IgE blocking/inhibition. The presence of CCD-IgE in a patient’s serum can be proved 

with commercially available assays, for example, by determining MUXF3 using CAP; if 

MUXF3 is positive, CCD reactivity and false-positive sIgE results have to be considered. On 

the other hand, CCD-antibody blocking/inhibition can be performed by incubating the patient’s 

serum with CCDs before sIgE analysis to bind existing anti-CCD-antibodies and avoid later 

CCD-reactivity and false-positive sIgE results. Although not always complete, CCD-IgE 

inhibition is reliable and enhances the accuracy of in-vitro diagnosis without influencing sIgE 

against relevant (protein) epitopes 65,68. The newest commercially available multiplex assay on 

the market, the ALEX® Allergy Explorer version 2 (ALEX2, MacroArray Diagnostics, Vienna, 

Austria), combines both approaches by first blocking CCD IgE and then testing for CCD to 

indicate a potential incomplete inhibition. 
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1.4.2. The panallergens profilin and polcalcin 

Panallergens are structurally highly conserved, strongly cross-reactive allergens present in 

different allergen sources, even in unrelated sources, throughout the plant kingdom. 

Importantly, cross-reactive IgE to panallergens does not always result in clinical symptoms but 

frequently interferes with extract-based sIgE diagnosis by decreasing diagnostic specificity.  

Examples for panallergens are profilins (e.g. Bet v 2, Phl p 12), polcalcins (e.g. Bet v 4, Phl p 

7), non-specific lipid transfer proteins (e.g. Art v 3) or pathogenesis-related-10-proteins (Bet v 

1). This thesis concentrates on profilins and polcalcins, which have the most significant impact 

on extract-based allergy diagnosis. 

 

Since the discovery of the first allergenic profilin from birch pollen (Bet v 2) in 1991 69, profilins 

have been isolated from a variety of pollen, plant-based food sources and latex. Profilins 

represent a family of small (12–15 kDa), highly conserved molecules sharing sequence 

identities of more than 75% even between members of distantly related organisms 70. 

Sensitization to profilins has been reported in about 13–33% of patients 71-74, depending on 

allergens, geographical regions and patient populations investigated. In Spain, for example, 

sensitization rates have been reported from below 10% along the Mediterranean coast up to 

50% in some western regions 74.  

Profilins are present in all eukaryotic cells; however, primary sensitization to profilin seems to 

arise mainly from pollen sensitization 75. There is no real evidence of primary sensitization to 

plant food profilins, which was exclusively seen in patients with sIgE against pollen profilins 

in one study 75. Furthermore, it has been reported that sensitization to grass pollen profilin (and 

polcalcin) develops late in the molecular spreading of grass pollen allergy 76. Additionally, 

profilin sensitization seems to be a marker of a more severe grass pollen sensitization 74. 

IgE against profilin was shown to have biologic activity in histamine release- and skin prick 

tests 77. In certain studies, up to 57% of profilin reactors suffered from food allergy 78. Profilin 

sensitization is the reason why some grass pollen-allergic patients cross-react to food allergens 

79. Allergy to profilins from plant-based food, primarily to exotic fruits (kiwi, litchi, melon, 

orange or others) but also more local food such as tomatoes or apples, is mainly associated with 

mild clinical symptoms, such as oral allergy syndrome 78. Typical symptoms of oral allergy 

syndrome are oral itching, lip swelling, labial angiooedema and glottal oedema 15. Food 

processing (cooking) cannot explain these localized oral rather than systemic symptoms as food 

processing does not seem to modify profilin allergenicity 75. It can, however, be explained 

because profilins are susceptible to pepsin digestion, which has been demonstrated, for 
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example, for melon or apple profilin 43,80. Nevertheless, profilins have also been shown to act 

as severe food allergens, for example, in patients overexposed to grass pollen, and it has been 

suggested that intake through the oral mucosa may be sufficient to elicit systemic anaphylactic 

reactions 42.  

On the other hand, the clinical relevance of sensitizations to profilin from pollen is still a matter 

of discussion 75. There is, however, growing evidence that profilins can elicit respiratory 

symptoms 81. For example, using purified profilin from date palm (Pho d 2), a positive 

conjunctival and bronchial provocation test was demonstrated in 90% and 95% of profilin-

sensitized patients, respectively 81. Another study showed that 65% of profilin-sensitized 

patients had a positive conjunctival allergen challenge using the same profilin 82. Importantly, 

none of the non-profilin-sensitized controls showed reactivity to the provocation tests 

performed in both studies. In contrast, the authors of another article concluded that sole 

sensitization to profilin appears to be not clinically relevant in allergic rhinoconjunctivitis 83. 

Although many profilin-sensitized patients do not experience clinical symptoms, patient 

monitoring and differentiation between cross-reactivity and genuine sensitization seem 

advisable 70.  

 

Polcalcins were discovered as panallergens in the 1990s 84,85. Their name reveals that they are 

members of the calcium-binding protein family but only expressed in pollen. Thirty-two distinct 

subfamilies of calcium-binding proteins exist and they are ubiquitous and additionally found in 

fish and mammalians 86. Intense cross-reactivity has been reported between polcalcins found in 

pollen or between parvalbumins found in fish 86; however, there is no evidence for cross-

reactivity between calcium-binding proteins of plants, fish or mammalians 87. With sensitization 

rates of between 8–10% 71,85,88, polcalcins are minor allergens in pollen allergy, again with 

variability regarding geographical regions, patient populations and allergens investigated. 

Polcalcins such as Phl p 7 were demonstrated to have biological activity by inducing basophil 

histamine release and positive skin prick tests in sensitized individuals 85; however, literature 

dealing with the ability of anti-polcalcin IgE to elicit clinical symptoms is scarce. It was recently 

stated that sole sensitization might not have clinical relevance in allergic rhinoconjunctivitis 83. 

Sensitization to polcalcins, however, can decrease the specificity of extract-based tests. The 

most suitable polcalcin molecule available for diagnosis seems to be Phl p 7, which contained 

the most relevant IgE epitopes of the four polcalcins investigated in one study (Phl p 7, Aln g 

4, Jun o 4 and Bet v 3) 89. 
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1.5. Seasonal molecular marker allergens 

Contrary to panallergens, most patients genuinely allergic to a respective allergen source are 

sensitized to molecular marker allergens. Significantly elevated sIgE against a marker allergen 

confirms a primary sensitization, whereas negative sIgE rules it out. Importantly, marker 

allergens also have a variable potential to cross-react, especially in botanically related allergen 

sources. Examples are Amb a 1 of ragweed (cross-reacting with Art v 6, both pectate lyases) or 

Art v 1 from mugwort (cross-reacting with Amb a 4, both defensin-like proteins). 

 

The seasonal molecular marker allergens investigated in this thesis are: 

Allergen Allergen source Botanical Name 

Alt a 1  Alternaria  Alternaria alternata 

Amb a 1 Ragweed pollen Ambrosia artemisiifolia 

Art v 1 Mugwort pollen Artemisia vulgaris 

Bet v 1 Birch pollen Betula verrucosa 

Fra / Ole e 1 Ash / Olive pollen Fraxinus excelsior / Olea europaea 

Phl p 1 and 5  Timothy grass pollen Phleum pratense 

Ole e 1 was used as a surrogate marker using CAP because Fra e 1 is only available on ALEX. 

 

To serve as appropriate marker allergens, these molecular allergens should have high 

sensitivity. In fact, available literature supports this qualification. Sensitization rates reported 

were up to 80.7%–98.4% for Alt a 1 90-93, 90%–100% for Amb a 1 94-98, >70%–>95% for Art v 

1 98-102, 88.4%–97% for Bet v 1 103-106, 97.7% for Fra e 1 107 and 87.6%–88% for Ole e 1 108,109, 

74.8%–98% for Phl p 1 110-115, and 27.2%–80% for Phl p 5 74,110-113,116. It must, however, be 

considered that these sensitization rates differed considerably between the various studies 

depending on the following study characteristics: cohort size (small vs. large), age (children vs. 

adults), methods investigated (immunoblots, ELISA, prick test), allergen origin (natural vs. 

recombinant) and by definition of sensitized and allergic patients in the respective study (extract 

cut-offs, patient history, allergen challenge, et cetera). 

Two of these considerations are especially relevant. Firstly, unfortunately, many of these data 

were gathered by immunoblotting, ELISA or skin prick testing with molecular allergens; 

therefore, they are not directly comparable to daily routine allergy diagnostics using 

commercially available sIgE test platforms. Secondly, the selection of allergic patients seems 

to be inconsistent between some of these studies. Many of the mentioned studies have found 

high reactivity rates to profilin and polcalcin, which indicates that cross-reactivity may have 
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played an essential role in the investigated sera. For example, in one study investigating 

molecular diagnosis of birch pollen allergy in different European countries, two subgroups only 

showed 62% and 65% reactivity to Bet v 1, but 33% as well as 43% and 27% as well as 7% 

reactivity to Bet v 2 and Bet v 4 103. It is questionable whether all of these “birch pollen-allergic 

patients” were genuinely sensitized to birch pollen. Some may have only cross-reacted to birch 

pollen extract due to sensitization to Bet v 2 (birch profilin), Bet v 4 (birch polcalcin) or both. 

For this reason, one can assume that the sensitivities of molecular marker allergens in those 

studies were biased and probably underestimated. 

 

To achieve correct and practically applicable sensitivity rates of a molecular marker allergen, 

however, a study should i) use commercially available methods and ii) include genuinely 

sensitized patients rather than cross-reactive sera. For this reason, we have only used 

commercially available sIgE test methods and included only mono-allergic patients for 

sensitivity analyses in this thesis. 

 

In addition to the molecular marker allergens mentioned above, the following molecular 

allergens were investigated to characterize their value for MAD: Alt a 6, Amb a 4; Art v 3; Bet 

v 2, 4 and 6; Phl p 2, 4, 6 and 11. 

 

1.6. House dust mite allergy 

The second part of this thesis addressed the evaluation of molecular allergy diagnostics of house 

dust mite (HDM) allergy. Allergy to HDM is a significant health burden, as it is the most 

prevalent cause of inhalant allergy worldwide. Sensitization rates in the general population of 

up to 21.7% in Europe and 27.5% in the United States have been reported 117,118. In a large pan-

European study with patients referred to allergology centres, percentages were even higher, 

with 31.3% and 28.9% of the study population sensitized to Dermatophagoides pteronyssinus 

(Der p) and Dermatophagoides farinae (Der f), respectively 119. In all of these studies, house 

dust mites were the most common perennial indoor allergen and overall inhalant allergen. The 

pyroglyphid mites Der p (historically also known as the European HDM) and Der f (also known 

as the American HDM) are the most relevant mite species in developed countries. They cohabit 

regularly, and mite-allergic patients in temperate countries are classically co-exposed and co-

sensitized to both mites 120,121. In addition, other house or storage mites may also be relevant in 

some geographical regions 122.  
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Diagnosis of HDM allergy is based on clinical symptoms, skin prick testing and determination 

of sIgE. Sometimes, conjunctival or nasal provocation tests are performed to test the clinical 

relevance of positive test results. In the case of sIgE testing, singleplex test systems detecting 

sIgE to Der p or Der f extracts are widely used. In addition, multiplex tests have been developed 

as an individualized diagnostic approach providing sIgE determination to a wide range of 

molecular allergens and extracts at reasonable cost. The sensitivity of multiplex tests for the 

diagnosis of HDM allergy was, however, reported lower compared to singleplex testing 123,124. 

 

The only causative treatment of HDM allergy is allergen-specific immunotherapy, as a 

complete allergen avoidance is difficult to achieve. In recent years, significant advances have 

been made in the development of HDM immunotherapies, particularly in the sublingual 

treatment of HDM allergy. These tablets contain a 1:1 mixture of Der p and Der f characterized 

by a constant 1:1:1:1 ratio between the four major marker allergens Der p 1, Der p 2, Der f 1 

and Der f 2, with promising efficacy and safety profiles reported 116,125,126. The standardization 

to group 1 and 2 allergens has a potential disadvantage, however, as this “small allergen 

spectrum” could eventually decrease efficacy in HDM-allergic patients sensitized to further 

allergens; therefore, determining molecular sensitization patterns could help to select the best 

eligible patients for immunotherapy.  

 

Der p 1 and 2 have been well known as major HDM allergens for a long time 127,128; however, 

it is doubtful that these two allergens are sufficient to diagnose and treat all HDM-allergic 

patients correctly. Based on the available literature, 83.5–97% of HDM allergic patients can be 

detected with Der p 1 and Der p 2 122,129-132. These percentages indicate that: firstly, the 

diagnosis and treatment solely based on group 1 and 2 allergens is not able to detect and treat 

between 3% and 16.5% of all HDM-allergic patients, and secondly, other allergen groups are 

relevant for HDM allergy in these latter patients.  

The most promising allergen candidate to improve diagnosis and treatment is Der p 23, first 

described in 2013 133. High allergenic activity and sensitization rates of up to 74% were reported 

133. For this reason, Der p 23 may be essential for HDM allergy diagnosis and immunotherapy. 

Once in the spotlights, mono-sensitization rates to Der p 23 between 4.2% and 5.3% were 

published 121,134,135. These mono-sensitization rates are remarkable, and Der p 23 is probably 

the most critical allergen to close the diagnostic and therapeutic gap; however, even with Der p 

1, 2 and 23, not all patients may be correctly diagnosed (and treated). Perhaps other allergens 

could play an important role, as 32 Der p molecular allergens have been described in the 
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WHO/IUIS Allergen Nomenclature Database (retrieved from www.allergen.org, 22th of May, 

2022). 

Molecular allergy diagnosis has evolved and is now a recognized part of routine diagnosis; 

however, its contribution in diagnosing house dust mite allergy and the sensitivity of the 

different molecular singleplex and multiplex assays available is still unclear. Since 2017, the 

multiplex platform ALEX® Allergy Explorer (ALEX, MacroArray Diagnostics, Vienna, 

Austria) has been commercially available, measuring sIgE to seven Der p molecular allergens 

(Der p 1, 2, 5, 7, 10, 11 and 23), several mite extracts and 282 molecular allergens and extracts 

in total. In addition, the ALEX2 (ALEX version 2) was recently launched, testing for two 

additional Der p allergens (Der p 20 and 21) and 295 molecular allergens and extracts in total. 

 

1.7. Therapy 

There are three possibilities to treat type I allergic diseases: (a) allergen avoidance, (b) 

symptomatic treatment and (c) allergen-specific immunotherapy (AIT).  

Allergen avoidance may be possible for some allergens (e.g. drugs, exotic animals, etc.); 

however, strict avoidance can be difficult or nearly impossible for inhalant allergens such as 

pollens or house dust mites. Measures to reduce HDM allergen quantity, such as encasings, 

acaricides or vacuum cleaners with HEPA filters 136, have been proposed and are commercially 

available; however, two systematic reviews indicate that these measures, especially when 

applied solitarily, only have a limited effect on rhinitis and no effect on asthma and can, 

therefore, not be generally recommended 137,138. 

Symptomatic treatment only reduces symptoms (conjunctivitis, rhinitis, bronchial obstruction) 

without targeting the underlying pathophysiological process. The most frequently used drugs 

are antihistamines, corticosteroids and β2- adrenergic receptor agonists. These drugs have clear 

clinical benefits but unfortunately, they only suppress allergic symptoms and do not change the 

allergic disease state, stop disease progression or cure an allergy. Furthermore, many patients 

misuse symptomatic treatments and have a significant burden of residual symptoms 139. 

Allergen-specific immunotherapy (AIT) is the only causal treatment altering the natural course 

of IgE-mediated allergic disease 136,140. Recurrent low-dose application of allergens induces 

immunological tolerance. Initially, subcutaneous allergen immunotherapy (SCIT) was 

performed. Nowadays, sublingual allergen immunotherapies (SLIT) are also commercially 

available. Both modalities are effective; however, it has been recently shown that subcutaneous 

allergen immunotherapy had higher adherence rates than sublingual administration in a real-

world setting 141. 
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The ideal allergen immunotherapy should have disease-modifying effects and:  

(i)  reduce symptoms and the use of symptomatic drugs 

(ii)  have a long-term impact even after cessation of the treatment 

(iii) prevent new sensitizations to other allergens, and  

(iv)  prevent progression of the disease (prevent asthma in patients with rhinitis).  

 

All four effects could be demonstrated in clinical studies: 

(i) A meta-analysis of sublingual immunotherapy studies showed better efficacy than   

standard symptomatic treatment 142. Even in patients with partially or uncontrolled   

asthma, HDM SLIT could reduce time to first asthma exacerbation during the reduction 

phase of inhalant corticosteroids 126. Another study showed about 60% and 10% 

reduction of rhinitis- and asthma medication using HDM SCIT 143. 

(ii)  AIT had long-term clinical effects for several years (e.g. 7 or 12 years) after treatment   

 cessation 144-147. 

(iii) AIT prevented new sensitizations in children with rhinitis and/or asthma mono-  

 sensitized to house dust mites 148 or sensitized to grass pollen 145.  

(iv)  SCIT had a long-term preventive effect on the development of seasonal and perennial 

 asthma in children up to 7 years after treatment termination 144. The prevention of 

 asthmatic symptoms could also be confirmed in a large, double-blind placebo-  

 controlled study using grass pollen SLIT in children 149 as well as two retrospective  

 database analyses of patients receiving grass pollen SLIT 150 or HDM SCIT 143. 

 

As with most other effective drugs, AIT has side effects; however, modern immunotherapies 

are tolerated well. Common side effects are usually mild to moderate, localized to the 

application site, temporary and resolve spontaneously 116,125,126,151,152. Typical side effects are 

erythema, swelling, pruritus and pain of the arm in SCIT and oral pruritus, irritated mouth and 

throat and oral oedema in SLIT. 

Importantly, safety has also been shown in children153 and patients with partially or 

uncontrolled asthma 126. In the latter study, side effects were not increased in patients with 

uncontrolled asthma compared to the complete analysis set. 

AIT is, however, a potential trigger for systemic reactions (anaphylaxis). For example, a survey 

performed in the United States between 2008 and 2016 based on the data of 54.5 million SCIT 

injection visits observed systemic reactions in about one per 1000 injection visits (0.1%) and a 

fatality rate of one per 9.1 million injection visits (0.000011%) 154. Although the risk for 
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immunotherapy-induced fatalities is extremely low, it is crucial to select and treat only patients 

truly allergic and with appropriate drugs containing the individually relevant allergens. 

 

At the moment, AIT is performed with standardized extracts. These extracts do not necessarily 

contain (all) the allergens to which a patient is sensitized. Such a treatment is contrary to 

precision medicine, one of the most important developments in medicine in the 21st century. At 

the present time, however, it is not known whether an individualized treatment would have a 

benefit over standardized therapy. Actually, one study failed to show a significant effect of AIT 

consisting of a mix of recombinant grass allergens 155. Furthermore, it is unclear how long it 

will take (if ever) until individualized therapies are available, considering the required approval 

procedures and cost of licensing these drugs. Thus, precision molecular allergology is more 

advanced in a diagnostic than in a therapeutic view; however, reliable, sensitive, and specific 

diagnostic methods are essential for prescribing immunotherapies and the future development 

of individualized treatments. 

 

1.8. Aim of the dissertation & hypotheses 

For decades, prick and in-vitro testing using allergen extracts have been the two mainstays of 

routine allergy diagnostics; however, considering the potential influence of cross-reactivity or 

the various allergens present in some allergen sources, it is questionable whether this standard 

is still appropriate. Several studies have shown that the use of multiplex tests using molecular 

allergology lead to different therapeutic decisions compared to extract-based testing 156-158. In 

addition, a recent review has demonstrated the benefit of molecular allergology and its impact 

on specific allergy diagnosis and therapy 159. In this article, however, relatively low sensitization 

rates (>90% for Phl p 1, >90% for Bet v 1, >70% for Art v 1, > 90% for Der p 1 and 2, no data 

on Fra e 1 or Amb a 1 or Der p 23) have been reported. Furthermore, as mentioned above, many 

previous studies investigating sensitivities have little practical value due to selection bias or the 

(not routinely available) test methods used. Thus, with this thesis, (i) we want to emphasize the 

impact of cross-reactivity on extract-based sIgE diagnostic of seasonal allergens and (ii) 

identify how many patients are at risk of being misdiagnosed. Furthermore, (iii) we want to 

answer whether molecular allergology can solve the problem of cross-reactivity and (iv) clarify 

whether MAD is applicable in allergen sources with multiple relevant allergens, such as HDM 

allergy.  
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Based on these questions, this thesis had the following primary hypotheses: 

 

Molecular allergy diagnosis using commercially available methods can replace the extract-

based sIgE diagnosis because: 

(i)  it is sensitive 

(ii)  it is specific 

(iii) it helps to prevent misdiagnosis 

(iv)  it aids to select appropriate allergens for immunotherapy 

 

Secondary research questions of this thesis were: 

(i) How many patients referred to allergy diagnosis are allergic to seasonal allergens or 

house dust mites? 

(ii) How common is pollen poly-sensitization? 

(iii) Is cross-reactivity between pollen allergens prevalent and clinically relevant? 

(iv) How prevalent is sensitization to CCDs and the panallergens profilin and polcalcin? 

(v) How common is CCD sensitization below the 0.35 kUA/l cut-off and is it relevant? 

(vi) What are the molecular sensitization patterns of aeroallergens in Austria? 

(vii) Are minor allergens such as Bet v 6, Phl p 2, 6, 11, Alt a 6, Amb a 4 or Art v 3 

relevant in mono-allergic patients? 

(viii) Is the surrogate molecular allergen Ole e 1 using CAP appropriate for diagnosing 

ash pollen allergy? 

(ix) How cross-reactive are Der p and Der f extracts? 

(x) Is Der p 1 and 2 sufficient to diagnose HDM allergy? 

(xi) How important is Der p 23? 

(xii) Can additional Der p allergens (on ALEX2) increase sensitivity? 

(xiii) Do HDM allergic asthmatics and non-asthmatics have sensitization differences? 

(xiv) Are there any differences between the molecular test systems available? 

(xv) Is molecular diagnostics always better? 
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2. Materials and Methods 

Two studies have been performed to investigate the hypotheses mentioned above. The first 

study evaluated the molecular diagnosis of house dust mite allergy. The second study examined 

the molecular diagnosis of Austria's six most relevant seasonal allergens, namely Alternaria and 

the pollen of ash, birch, timothy grass, mugwort and ragweed. 

 

2.1. Patients – House dust mite allergy 

In a first step, we have explored medical reports of patients with positive skin prick tests to 

analyze sensitization rates to the two most relevant house dust mite species in Austria, 

Dermatophagoides pteronyssinus (Der p) and Dermatophagoides farinae (Der f). 28,572 

patients had a positive skin prick test to Der p and/or Der f from the 1st of January 2005 to the 

31st of December 2018 160. 

In a second step, we included 215 HDM-allergic patients to compare the different molecular 

diagnostic methods available. Inclusion criteria were a clear-cut history of HDM allergy 

(chronic rhinitis, conjunctivitis and/or bronchial asthma), positive sIgE to Der p extract (≥ 0.35 

kUA/l), and a positive HDM skin prick test 160. All three inclusion criteria had to be positive. 

None of these 215 patients had previously received immunotherapy to any allergen. We have 

investigated Der p-sensitized patients because Der p sensitization was dominant in our study 

population, and more molecular allergens were available for Der p than for Der f.  

 

2.2. Patients – Seasonal allergy 

In this study, four different data analyses have been performed (Figure 2).  

 

Figure 2: Seasonal allergy analyses performed 
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In total, data from 3,590 patients were explored. The first analysis investigated the prevalence 

of multiple (pollen) sensitizations. For this reason, 2,948 patients referred to the outpatient 

clinic between 1st of January and 31st of December 2020 with rhinitis, conjunctivitis and/or 

bronchial asthma were included (analysis 1). Then, patients were grouped according to their 

number of pollen (ash, birch, timothy grass, mugwort and ragweed) sensitizations, from one to 

five 161. 

Second, to explore sIgE to CCDs, polcalcins and profilins, 100 patients from each of these five 

groups were randomly selected. Sera of these 500 patients and a control group of 100 non-

allergic subjects were evaluated for sIgE to MUXF3, Phl p 7 and Phl p 12 161. MUXF3 was 

determined using CAP, whereas Phl p 7 and 12 were tested using ALEX2. All controls had 

negative sIgE to the investigated six seasonal allergen extracts and Dermatophagoides 

pteronyssinus in the ImmunoCAP system and negative prick tests to 13 aeroallergens (pollen, 

pets, mites and moulds) 161. 

In the third analysis, the sensitivities of the major molecular marker allergens of Alternaria (Alt 

a 1) and pollen of ash (Fra e 1 / Ole e 1), birch (Bet v 1), timothy grass (Phl p 1 and Phl p 5), 

mugwort (Art v 1) and ragweed (Amb a 1) were investigated 161. After sample size estimation, 

636 allergic patients (106 per allergen) visiting the outpatient clinic between 2013 and 2020 

were included 161. The majority of the subjects were mono-allergic to the respective allergen 

investigated (defined by positive prick and sIgE tests to the respective extract plus history of 

symptoms in the corresponding season of the respective allergen) 161. Solely 25% of the 

mugwort- and ragweed-allergic patients were double-sensitized. Cross-reactivity between these 

two pollen allergens is very common using extracts; therefore, we could not find enough 

patients mono-sensitized to these allergens – although we screened medical reports from a 

period of 8 years 161. In these double-sensitized cases, primary sensitization was assumed if the 

specific IgE of one allergen was at least threefold higher than the other 161. In the 636 sera used 

for sensitivity analyses, minor molecular allergens of the respective allergen sources were also 

determined to explore their diagnostic value compared to the major molecular marker allergens. 

The fourth analysis investigated the specificity of Alt a 1, Amb a 1, Art v 1, Bet v 1, Fra/Ole e 

1, Phl p 1 and Phl p 5 in 106 non-allergic subjects (the control group from analysis 1 and six 

additional persons) using ALEX2 161.  

 

None of the patients in any of the four analyses received allergen-specific immunotherapies 

prior to or at the time of blood sampling. 
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2.3. Diagnostic tests 

2.3.1. Skin prick tests 

All skin prick tests were performed using extracts from ALK-Abelló (Hørsholm, Denmark). 

Test results were considered positive in the case of erythema and a wheal larger than 3 mm in 

diameter 160,161. 

 

2.3.2. Singleplex sIgE testing 

All extract-based and molecular sIgE levels were analyzed with the ImmunoCAP™ 1000 

platform (CAP, Thermo Fisher Scientific, Waltham, Massachusetts, USA), which expresses 

sIgE levels in kUA/l (kilo units per litre) at a positivity cut-off of equal to or larger than 0.35 

kUA/l 160, 161. Values higher than 100 kUA/l were classified as 100 kUA/l for statistical analyses.  

 

2.3.3. Multiplex sIgE testing 

Three multiplex systems were used for the house dust mite analysis: ISAC™ (ISAC, Thermo 

Fisher Scientific, Waltham, Massachusetts, USA) and version 1 and 2 of the ALEX® Allergy 

Explorer (ALEX and ALEX2, MacroArray Diagnostics, Vienna, Austria). Assays were 

performed based on the instructions of the producers. ISAC uses ISU (ISAC Standardized 

Units), and values of equal to or larger than 0.30 ISU are rated as positive. In contrast, ALEX 

and ALEX2 state sIgE levels in kUA/l with a positivity cut-off ≥ 0.30 kUA/l 160. In the study 

investigating seasonal allergens, ALEX2 (the ALEX® Allergy Explorer version 2) was used for 

multiplex analyses 161. 

 

2.3.4. Molecular house dust mite allergens  

Molecular house dust mite allergens determined are listed in Table 1. All molecular allergens 

investigated were recombinant, except nDer p 1 and 2 using ISAC. All four test methods were 

performed in all 215 sera. 
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Table 1: Molecular house dust mite allergens investigated  

n = naturally derived allergen; r = recombinant allergen; empty fields indicate that the allergen 

was not available using the respective method. 

Allergen CAP ISAC ALEX ALEX2 

Der p 1 r n r r 

Der p 2 r n r r 

Der p 5   r r 

Der p 7   r r 

Der p 10 r r r r 

Der p 11   r r 

Der p 20    r 

Der p 21    r 

Der p 23 r  r r 

 

2.3.5. Molecular seasonal allergens 

The seasonal molecular marker allergens of Alternaria (Alt a 1) and the pollen of ash (Fra e 1 / 

Ole e 1), birch (Bet v 1), timothy grass (Phl p 1 and Phl p 5), mugwort (Art v 1) and ragweed 

(Amb a 1) were investigated. All determinations were performed using the singleplex platform 

CAP and the multiplex assay ALEX2. Ole e 1 was used as a surrogate marker for ash pollen 

using CAP because Fra e 1 is not commercially available on the CAP platform. 

 

Furthermore, these six allergen sources' additional major and minor allergens were determined 

to create sensitization profiles (Table 2). Again, Ole e 7 and 9 were investigated as potential 

surrogate markers for ash pollen as no other Fraxinus excelsior allergens despite Fra e 1 were 

available / identified to date (22th of May, 2022). 

 

Table 2: Additional seasonal molecular marker allergens investigated 

Allergen source CAP ALEX2 

Alternaria  Alt a 6 

Ash Ole e 7, 9 Ole e 1, 7, 9 

Birch Bet v 2, 4, 6 Bet v 2, 6 

Timothy grass Phl p 2, 4, 6, 7, 11, 12 Phl p 2, 6, 7, 12 

Mugwort Art v 3 Art v 3 

Ragweed  Amb a 4 
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2.4. Statistical analysis 

For the house dust mite analysis, Pearson’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 drawn using GraphPad Prism 7.0 (GraphPad Software, Inc., 

La Jolla, USA). 

 

For the seasonal allergen analysis, a sample size calculation to investigate molecular sensitivity 

was performed using R version 3.6.1 (The R Foundation, Vienna, Austria). With a sample size 

of 100 and an expected sensitivity of 0.96 (alternatively 0.98), an exact two-sided 95% 

confidence interval (Clopper and Pearson) ranged from 0.90 to 0.99 (alternatively 0.93 to 1.00). 

With an assumed drop-out rate of 5%, 106 patients were needed per group to show that the 

sensitivity is indeed above 90%, respectively. Statistical analysis was performed using 

McNemar’s test, Wilcoxon signed-rank test and Spearman´s rank correlation with IBM SPSS 

Statistics 27. Graphs were generated using GraphPad Prism 9.0.  

 

The level of significance was set at 0.05 in both studies. 

 

2.5. Institutional review board approval 

The institutional review board of the Medical University of Graz approved this doctoral thesis 

under approval no. 29-398 ex 16/17. 
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3. Results 

3.1. Results I – Molecular diagnosis of house dust mite allergy 

3.1.1. Overall sensitization to Der p and Der f 

Skin prick test data from a period of 14 years (2005-2018) were analyzed. In total, 28,572 

patients had positive skin tests to Der p and/or Der f 160. Of these, 27,142 (95.0%) were 

sensitized to Der p whereas 25,360 (88.8%) were sensitized to Der f. In detail, 83.8% had 

positive skin prick test to Der p and Der f, 11.2% were mono-sensitized to Der p, and 5.0% 

were mono-sensitized to Der f 160. 

 

3.1.2. Demographical and clinical characterization of the study population 

Two hundred fifteen HDM-allergic patients were included to investigate molecular HDM 

allergy diagnostics 160; 119 (55.3%) were females, and 64 (29.8%) were younger than 18 years 

old. Rhinitis was the leading symptom, with 192 (89.3%) of all patients affected. Lower airway 

tract symptoms (chronic bronchitis and/or asthma) and conjunctivitis were observed in 69 

(32.1%) and 64 (29.8%) patients, respectively. HDM-related food allergy (cross-reactivity to 

shellfish) was reported in only 2 (0.9%) patients 160. Demographic data and details of clinical 

symptoms can be found in Table 3. We did not detect any statistically significant differences in 

symptoms between sex or age 160. 

 

Table 3: Characterization of the house dust mite study population 

Reproduced from Koch L et al 160 with permission of publisher John Wiley and Sons. Age is 

stated in years as median + interquartile range; bronchitis = patient-reported chronic cough; 

asthma = established diagnosis by a pulmonologist; food allergy = cross-reactivity to shellfish 

 
Adults 

n = 151 

Children  

n = 64 

Females  

n = 119 

Males 

n = 96 

Total 

n = 215 

Relative percent 70.2% 29.8% 55.3% 44.7% 100.0% 

Age 31 (24–42) 12 (10–15) 25 (17–35) 25.5 (13–41) 25 (16–36) 

Rhinitis 88.7% 90.6% 87.4% 91.7% 89.3% 

Conjunctivitis 30.5% 28.1% 33.6% 25.0% 29.8% 

Bronchitis 17.9% 18.8% 17.6% 18.8% 18.1% 

Asthma 14.6% 12.5% 16.0% 11.5% 14.0% 

Food allergy 1.3% 0.0% 0.8% 1.0% 0.9% 
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3.1.3. Sensitization to Der p and Der f extracts 

All 215 patients were positive to Der p extract tested with CAP, because this was the main 

inclusion criterion. Additionally, a high cross-reactivity to Der f could be observed using CAP: 

210 of 215 (97.7%) patients were positive to Der p and Der f. In the five Der f “negative” 

patients, low sIgE levels to Der f between 0.16 and 0.29 kUA/l could be detected. Specific IgE 

levels to Der p were also low in these patients (between 0.36 and 0.85 kUA/l). The sensitivity 

between Der p and Der f did not differ statistically (p = 0.063). Furthermore, the correlation 

between Der p and Der f extract was strong (Spearman´s rho = 0.765, p < 0.001, Figure 3). 

 

Figure 3: Correlation between Der p and Der f extracts 
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3.1.4. Correlation of prick test and specific IgE extract results 

All 215 (100%) patients had a positive prick test to Der p or Der f; 94% and 87% (n = 202 and 

187) were prick positive to Der p and Der f, respectively. Both prick tests were positive in 174 

patients (80.9%), compared to 41 patients (19.1%) in which either Der p (28 patients – 13%) or 

Der f (13 patients – 6.1%) were positive. 

Of the 174 patients with positive prick tests to both allergens, two had equal sIgE levels of Der 

p and Der f extracts. Of the remaining patients, however, 75 patients had higher levels against 

Der p and 97 had higher levels against Der f; therefore, Der f levels were higher than Der p 

levels. In the 28 Der p prick-positive, Der f prick-negative patients, IgE levels to Der p or Der 

f were higher in 50% of the cases; however, in the Der p prick-negative, Der f prick-positive 

patients, seven compared to five had higher levels against Der p than Der f extracts. 

 

3.1.5. Sensitivity of molecular house dust mite allergy diagnosis 

In the overall analysis, the sensitivity of molecular HDM allergy diagnosis was lower than 

extract-based diagnosis 160. Overall sensitivities were 88.8% (ISAC), 93.0% (CAP using 

molecular allergens), 93.5% (ALEX version 1) and 94.9% (ALEX2), and therefore increased 

with the number of molecular allergens tested 160. The results of molecular-based CAP, ALEX 

and ALEX2 did not differ statistically 160. In contrast, the sensitivity of ISAC was significantly 

lower compared to ALEX and ALEX2 (p = 0.006 and p < 0.001) as well as to the molecular-

based CAP (p = 0.022) 160. This difference was mainly due to the unavailability of Der p 23 

using ISAC because omission of Der p 23 using CAP, ALEX and ALEX2 resulted in lower 

sensitivity rates of 87.9%, 88.4% and 90.2%, respectively, which were all statistically similar 

to the 88.8% of the ISAC (p = 0.392) 160.  

The sensitivity of the molecular test systems correlated to levels of sIgE to Der p extract: the 

higher the Der p extract levels, the better the sensitivity of molecular testing performed 160. 

Table 4 demonstrates the test sensitivities of all four molecular test methods with and without 

excluding patients with low IgE levels. 
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Table 4: Sensitivity of molecular test systems 

Reproduced from Koch L et al 160 with permission of publisher John Wiley and Sons. The 

higher the sIgE levels to Der p extract, the better the sensitivities of the four molecular test 

methods studied. ALEX2 performed statistically equally to the extract-based diagnosis in the 

case of extract sIgE levels ≥ 1.0 kUA/l, whereas all other test methods performed statistically 

equally in the case of extract sIgE levels ≥ 3.5 kUA/l. All p-values listed are direct comparisons 

to extract-based singleplex diagnosis using CAP. 

  

All patients 

n = 215 

Der p extract        

≥ 0.7 kUA/l 

n = 204 

Der p extract        

≥ 1.0 kUA/l 

n = 186 

Der p extract        

≥ 3.5 kUA/l 

n = 141 

ISAC 
88.8% 89.7% 93.6% 97.9% 

p < 0.001 p < 0.001 p < 0.001 p = 0.250 

CAP 
93.0% 94.6% 96.2% 99.3% 

p < 0.001 p = 0.001 p = 0.016 p = 1.000 

ALEX 
93.5% 94.6% 96.8% 99.3% 

p < 0.001 p = 0.001 p = 0.031 p = 1.000 

ALEX2 
94.9% 95.6% 97.3% 99.3% 

p = 0.001 p = 0.004 p = 0.063 p = 1.000 

 

3.1.6. Molecular house dust mite sensitization pattern 

With ALEX2, it was possible to create a sensitization pattern using nine recombinant Der p 

molecular allergens (Figure 4) 160. Overall, 94.9% of the patients were sensitized to at least one 

of the nine molecular allergens determined; however, only three allergens, namely Der p 1, 2 

and 23, were major allergens in our study population, with sensitization rates of 55.3%, 77.7% 

and 54.0%, respectively 160. 
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Figure 4: Sensitization to house dust mite molecular allergens  

Reproduced from Koch L et al 160 with permission of publisher John Wiley and Sons. This 

figure shows the molecular sensitization pattern of 215 HDM-allergic patients.  

 

Sensitization rates between the four molecular methods investigated were similar (Table 5); 

however, the sensitivity of Der p 1 was slightly lower, and Der p 23 was markedly higher in 

ALEX2 compared to all others. Interestingly, Der p 11 was rarely positive in ALEX2 compared 

to ALEX version 1. 

 

Table 5: Differences in molecular Der p sensitization 

All numbers are percentages. Empty fields indicate that the allergen was not available using the 

respective method. 

Allergen CAP ISAC ALEX ALEX2 

Der p 1 58.1 61.4 58.6 55.3 

Der p 2 77.2 76.7 75.8 77.7 

Der p 5   20.9 21.4 

Der p 7   20.0 20.0 

Der p 10 1.9 2.8 2.3 1.9 

Der p 11   8.4 0.5 

Der p 20    5.1 

Der p 21    20.9 

Der p 23 46.5  46.5 54.0 
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Of 215 patients, 87.9% and 88.4% (n = 189 and 190) had sIgE reactivity to Der p 1, Der p 2 or 

both determined with ALEX2 and CAP, respectively. Importantly, these percentages indicate 

that between 11.6% and 12.1% of the patients were not sensitized to the two major allergens 

Der p 1 and 2, to which modern sublingual immunotherapies are standardized. 

In addition, from the 189 Der p 1 and/or Der p 2 positive patients defined by ALEX2, only 65 

(34.4%) were solely sensitized to these allergens. On the other hand, 124 (65.6%) were 

additionally sensitized to Der p 5, 7, 10, 11, 20, 21 or 23. From these 124 patients, 56 (29.6%) 

had one, 33 (17.5%) had two, 19 (10.1) had three, 14 (7.4%) had four, 1 (0.5%) had five and 1 

(0.5%) had six additional sensitizations. 

 

Reactivity to one or more of the three major allergens Der p 1, 2 and 23 was observed in 94.0% 

and 93.0% (n = 202 and 200 for ALEX2 and CAP, respectively) 160. 

 

Mono-sensitization to Der p 23 was found in 4.7% with both methods 160. On the other hand, 

using ALEX2, mono-sensitization could rarely be detected to Der p 10 and Der p 20 (0.4% 

each). Interestingly, we did not see any mono-sensitization to Der p 5, Der p 7, Der p 11 or Der 

p 21, which indicates that these allergens did not increase the overall sensitivity of ALEX2 in 

comparison with ALEX version 1 160.  

 

The majority of patients were sensitized to few molecular allergens. No patient was sensitized 

to all nine allergens, and 5.1% did not react to any of these nine allergens investigated (Table 

6) 160. 

 

Table 6: Percentages of patients sensitized to multiple molecular Der p allergens 

X-positive 1x 2x 3x 4x 5x 6x 7x 8x 9x 

Relative % 27.4% 21.4% 19.5% 13.0% 6.5% 6.0% 0.5% 0.5% 0% 
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3.1.7. Specific IgE levels to molecular house dust mite allergens 

Specific IgE levels to the different molecular Der p allergens are listed in Table 7. The highest 

levels in all test systems were found for Der p 2, followed by Der p 1 and Der p 23. Mean levels 

to Der p 10, 11 and 20 were lower than to Der p 5, 7 and 21. 

 

Table 7: Specific IgE levels to molecular house dust mite allergens 

CAP: kUA/l; ISAC: ISU; ALEX and ALEX2: kUA/l 

Allergen CAP ISAC ALEX ALEX2 

Mean SD Mean SD Mean SD Mean SD 

Der p 1 6.97 13.72 9.06 18.30 5.27 8.08 4.23 6.47 

Der p 2 12.68 17.46 14.68 18.99 7.90 10.28 15.04 13.07 

Der p 5     1.23 3.62 1.56 4.69 

Der p 7     0.94 3.15 1.16 3.90 

Der p 10 0.22 2.86 15.68 19.99 0.21 2.24 0.20 2.28 

Der p 11     0.27 2.16 0.00 0.02 

Der p 20       0.34 2.63 

Der p 21       2.47 7.16 

Der p 23 2.57 6.68   2.71 5.96 5.52 9.03 

 

3.1.8. Correlation of the test systems 

All three 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), as well as 0.953 (Der p23), (p < 

0.001, Figure 5) 160. Due to the low number of Der p 10 sensitizations, correlations for Der p 

10 were unreliable 160. Interestingly, correlations between CAP and ISAC were more linear than 

those between these two methods and ALEX2, which were more curved.  

 

ALEX versions 1 and 2 correlated strongly (Figure 6). Der p 1, 5 and 7 had quite linear scatter 

plots compared to Der p 2 and 23, which were broader. Furthermore, the scatter plot of Der p 

23 indicates a slightly higher sensitivity of Der p 23 using ALEX2 (54.0%) versus version 1 

(46.5%). On the other hand, Der p 11 had only one positive result using ALEX2 compared to 

several using version 1. 
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Figure 5: Correlation of molecular house dust mite allergens using different assays 

Reproduced from Koch L et al 160 with permission of publisher John Wiley and Sons. 
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Figure 6: Correlation of molecular Der p allergens between ALEX versions 1 and 2 
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3.1.9. CCD-reactivity 

None of the eleven Der p molecular negative patients reacted to MUXF3 determined with the 

CAP platform. 

 

3.1.10. Positivity to other mites 

All 215 patients were screened for reactivity to the house dust mite Blomia tropicalis and the 

storage mites Acarus siro, Glycophagus domesticus, Lepidoglyphus destructor and Tyrophagus 

putrescentiae using ALEX version 1. Eighteen of the 215 patients (8.4%) were positive to at 

least one of these mites. Sensitization was found in 7.0% (Blomia tropicalis), 3.3% (Acarus 

siro), 0.9% (Glycophagus domesticus), 2.3% (Lepidoglyphus destructor) and 0.9% 

(Tyrophagus putrescentiae) 160; however, none of the 11 Der p molecular negative patients 

reacted to any of these mites 160.  

Because these sensitization rates appeared to be quite low, we repeated the determination of 

other house dust and storage mites in the eleven Der p molecular negative patients using CAP. 

Surprisingly, all 11 patients were sensitized to all mites mentioned above (Blomia tropicalis, 

Acarus siro, Glycophagus domesticus, Lepidoglyphus destructor and Tyrophagus 

putrescentiae). In addition, 100% and 45.5% of the patients were also positive to the house dust 

mites Dermatophagoides microceras and Euroglyphus maynei. Interestingly, nine out of eleven 

patients showed (slightly) higher sIgE values to other mites than to Der p, possibly indicating 

a primary sensitization to these mites (Table 8). 
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Table 8: Positivity to other mites in Der p molecular negative patients 

Specific IgE levels (kUA/l) to extracts of the house dust mites Dermatophagoides pteronyssinus 

(Der p), Blomia tropicalis (Blo t), Dermatophagoides microceras (Der m) and Euroglyphus 

maynei (Eur m), as well as the storage mites Acaris siro (Aca s), Glycophagus domesticus (Gly 

d), Lepidoglyphus destructor (Lep d) and Tyrophagus putrescentiae (Tyr p), of the 11 Der p 

molecular negative patients, are shown. Specific IgE values higher to other mites than the Der 

p extract are highlighted in grey. 

Serum Der p Blo t Der m Eur m Aca s Gly d Lep d Tyr p 

1 0.48 0.71 0.56 0.06 1.03 0.62 0.92 1.77 

2 1.00 1.09 1.02 0.79 1.10 0.96 1.05 0.72 

3 4.17 4.79 2.97 1.17 3.98 2.81 2.98 2.22 

4 1.01 1.28 1.13 0.64 1.20 1.03 1.11 0.92 

5 2.49 2.38 1.50 0.42 2.01 1.62 2.00 1.36 

6 0.92 0.47 0.54 0.24 0.55 0.37 0.39 0.40 

7 0.95 1.04 0.65 0.32 0.83 0.64 0.67 0.72 

8 1.20 0.78 1.48 0.20 0.59 0.63 0.83 0.71 

9 0.76 0.81 0.57 0.12 0.69 0.51 0.62 0.60 

10 0.73 0.94 0.70 0.45 0.87 0.72 0.82 0.60 

11 0.65 0.92 0.69 0.23 0.79 0.69 0.80 0.52 

 

3.1.11. Total and specific IgE of asthmatics and non-asthmatics 

Total IgE levels were significantly higher in asthmatics than non-asthmatic patients (mean total 

IgE 315 kUA/l vs. 144 kUA/l, p = 0.022) 162. Asthmatics had higher sensitization rates to Der p 

1 and Der p 10 than non-asthmatics, p = 0.039 and p = 0.044, respectively 162. Positivity to Der 

p 2 and Der p 23 and sIgE levels to these four molecular allergens did not significantly differ 

between the two groups 162. 
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3.2. Results II – Molecular diagnosis of seasonal allergens 

3.2.1. Demographical and clinical characterization of the study population 

Table 9 summarizes the demographical and clinical information on the four study populations 

investigated. 

 

Table 9: Characterization of the seasonal allergen study population 

Analyses 1 investigated the prevalence of sensitizations. Analysis 2 examined sensitization to 

CCDs, profilins and polcalcins. In addition, analyses 3 and 4 explored the sensitivity and 

specificity of seasonal molecular allergy diagnosis. Age is listed as median and interquartile 

ranges. The 600 patients from analysis 2 were randomly selected from analysis 1 161. 

  

 

Analysis 1 
 

Prevalence of 

sensitizations 

Analysis 2  
 

CCDs & 

panallergens 

Analysis 3 
 

Molecular 

sensitivity 

Analysis 4 
 

Molecular 

specificity 

Patients 2,948 600 636 106 

Sex  52.9% female 50.2% female 56.3% female 67.9% female 

Age  29 (17–43) years 28 (16–41) years 32 (20–43) years 36 (25–54) years 

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% 

 

3.2.2. Prevalence of sensitizations 

1,660 (56.3%) of the 2,948 patients had IgE reactivity to one or more of the six seasonal 

allergens investigated (Alternaria or pollen of ash, birch, timothy grass, mugwort and ragweed) 

161. In addition, 837 patients (28.4%) had positive sIgE to Der p extract. 1,627 (55.2%) reacted 

to one or more of the five pollen allergens. Overall, poly-sensitization to pollen allergens was 

detected in 34.0% of the patients 161. In the population sensitized to pollen, sensitization to all 

five pollens was detected in 22.4%. Furthermore, 6.7%, 12.8%, 19.8% and 38.4% were 

sensitized to four, three, two or only one pollen source, respectively 161. Interestingly, many of 

the pollen sIgE levels were low. Overall, 16.9% of the pollen sIgE extract results were ≤ 0.7 

kU/l 161. Depending on the pollen allergen, between 8.9% and 30% of the sIgE values ranged 

between 0.35 and 0.70 kUA/l (Figure 7); consequently, applying cut-offs above 0.7 kUA/l or 3.5 

kUA/l, merely 15.4% and 5.3% or 4.5% and 3.0% of the patients were positive to five or four 

pollen, respectively. 
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Figure 7: Pollen sIgE levels 

Total lists average percentages of all positive pollen extract sIgE results. Total (n = 4,148), ash 

(n = 826), birch (n = 889), timothy grass (n = 1,299), mugwort (n = 517), ragweed (n = 617). 

Many of the patients had low sIgE levels to pollen: depending on the pollen allergen, between 

8.9% and 30% of the sIgE values ranged between 0.35 and 0.70 kUA/l. 

 

3.2.3. Correlation of prick test and specific IgE results 

Patients were grouped into four categories regarding their prick test and sIgE extract results: 

“true-positive results” (prick and extract positive), “true-negative results” (prick and extract 

negative), “false-positive prick test, or sIgE < 0.35 kUA/l” (prick positive, extract negative) and 

“false-negative prick test, or false-positive sIgE” (prick negative, extract positive) (Figure 8). 

Interestingly, the prick positive, extract negative category was seldom in all allergens 

investigated, and the prick negative, extract positive category was frequently in pollen allergens 

but not Alternaria. 

Total Ash Birch Timothy grass Mugwort Ragweed

any sIgE 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

> 0.70 kUA/l 83.1% 81.5% 86.7% 91.1% 70.0% 74.1%

> 3.50 kUA/l 60.7% 48.3% 69.1% 77.5% 35.1% 41.8%
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Figure 8: Correlation of seasonal prick test and sIgE results 

Overall, 17,688 prick tests were correlated to sIgE results (6 allergens in 2948 patients). 

Average pollen represents the average of the five pollen species investigated 161. 

 

In total, 2.8% of the patients with positive sIgE to Alternaria extracts had negative prick tests. 

On the other hand, an average of 13.3% of the patients with positive sIgE to pollen allergens 

had negative corresponding prick tests. The difference of 10.5% may be explained by cross-

reactivity via anti-CCD IgE antibodies, reacting with pollen but not with Alternaria extract 161. 

 

 

 

 

 

prick +, extract + prick -, extract - prick +, extract - prick -, extract +

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%

Average pollen 14.8% 70.6% 1.3% 13.3%

Alternaria 4.6% 91.8% 0.7% 2.8%
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3.2.4. Sensitizations to CCDs and panallergens 

The 2,948 patients were grouped according to their number of pollen extract positivity (from 

one to five pollen positive). One hundred patients of each pollen-positive group were randomly 

selected (5 x 100 patients). In these 500 patients, the CCD marker MUXF3 (using CAP) and 

the polcalcin and profilin markers Phl p 7 and Phl p 12 (using ALEX2) were determined (Figure 

9). In addition, these three parameters were analyzed in a control group of one hundred 

randomly selected non-allergic patients without any reactivity in prick tests or sIgE 

determinations to the five pollen investigated. Table 10 lists the frequency of patients with 

reactivity to multiple cross-reactive allergens / panallergens.  

 

 

Figure 9: Sensitizations to CCDs and panallergens 

Patients were grouped from 5 to 0 pollen sensitizations – 600 patients were investigated (100 

per group). Total percentages were extrapolated for the overall study population (n = 2,948) 161. 

 

 

 

 

5 4 3 2 1 0 Total

CCD (MUXF3) 36.0% 7.0% 1.0% 0.0% 0.0% 0.0% 4.8%

Profilin (Phl p 12) 45.0% 10.0% 1.0% 0.0% 0.0% 0.0% 6.0%

Polcalcin (Phl p 7) 9.0% 1.0% 3.0% 0.0% 1.0% 0.0% 1.6%

Any reactivity 73.0% 17.0% 5.0% 0.0% 1.0% 0.0% 10.2%
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Table 10: Frequency of multiple cross-reactivities 

Table 10 shows the coincidence of reactivity to CCDs, profilin and polcalcin, n = 100 per group. 

Total percentages were extrapolated for the overall study population (“Total”, n = 2,948) 161. 

Cross-reactivities 
x-fold pollen positive sera  

5 4 3 2 1 0 Total 

One 56.0% 16.0% 5.0% 0.0% 1.0% 0.0% 8.1% 

Two 17.0% 1.0% 0.0% 0.0% 0.0% 0.0% 2.1% 

Three 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

Any reactivity 73.0% 17.0% 5.0% 0.0% 1.0% 0.0% 10.2% 

 

Sensitizations to CCDs and panallergens were most commonly observed in patients with 

reactivity to all five pollen extracts; in this group, 73% were sensitized to any cross-reactive 

allergen, and 17% even showed sIgE to two panallergens or one panallergen and CCDs 161. In 

the patients with reactivity to four pollen extracts, pan-sensitization was 17% and still relevant 

161, whereas this was rarely seen from group 3 downwards. In none of the 500 pollen-positive 

patients was reactivity to all three, CCDs, profilin and polcalcin, detected.  

 

After extrapolating from 500 to 1,627 patients sensitized to pollen, 18.5% could have reacted 

to at least one of the three, CCDs profilin or polcalcin 161. In detail, sIgE to CCDs, profilins and 

polcalcins could be expected in 8.7%, 10.9% and 2.9% of pollen-sensitized patients, 

respectively 161. 

 

After including the 100 patients from the control group and extrapolating from 600 patients to 

the overall study population referred to our outpatient clinic with respiratory symptoms for 

allergy diagnosis (n = 2,948), reactivity to CCDs, profilin or polcalcin could be expected in 

4.8%, 6.0% and 1.6%, respectively, with an overall sensitization rate of 10.2% 161. 

Interestingly, we did not observe any sensitization to profilin or polcalcin without simultaneous 

reactivity to at least one molecular pollen marker allergen in any of the 600 patients 

investigated. Furthermore, only three out of 600 patients reacted to CCDs without simultaneous 

sensitization to molecular pollen or plant food allergens; however, these patients had sIgE 

reactivity to wasp venom as a possible explanation for their CCD reactivity 161.  
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3.2.5. Relevance of CCD-reactivity below 0.35 kUA/l 

MUXF3 is commonly determined to analyze the CCD reactivity of a serum. In our cohort, 43 

(8.8%) of the 500 pollen-allergic patients were positive (sIgE ≥ 0.35 kUA/l) to it. In addition, 

63 patients (12.6%) showed reactivity to MUXF3 of between 0.10 and 0.34 kUA/l. Interestingly, 

the cut-off of 0.35 kUA/l may be inappropriate to establish whether relevant CCD reactivity is 

present. For this reason, six patients with MUXF3 reactivity below the cut-off were investigated 

for potential interference with extract-based diagnosis. MUXF3 values in these patients ranged 

between 0.17 and 0.32 kUA/l. Importantly, these patients had no reactivity to profilin or 

polcalcin (Phl p 7 and Phl p 12 sIgE results were 0.00 kUA/l). All six patients, however, had 

weakly positive sIgE to multiple pollen extracts (without clinical symptoms), which turned 

negative after the CCD block (Table 11). 

 

Table 11: Clinical relevance of CCD-reactivity below 0.35 kUA/l 

Many weakly positive pollen extract results turned negative after the CCD block. 

Grey colour = primary sensitizers with positive corresponding molecular allergens; yellow = 

positive extract sIgE before CCD block; green = negative extract sIgE after CCD block 

Extract   1  2  3  4  5  6 

  MUXF3  0.28  0.19  0.31  0.17  0.22  0.32 

Birch 

  

before  14.10  0.37  26.20  0.00  0.00  0.00 

after block  11.9  0.06  24.0  0.08  0.05  0.02 

Ash 

  

before  0.51  0.49  9.16  0.44  0.37  0.40 

after block  0.05  0.05  8.50  0.07  0.03  0.01 

Timothy 

grass 

before  70.20  74.00  0.46  100.00  100.00  33.6 

after block  60.10  66.40  0.09  78.00  100.00  39.1 

Mugwort 

  

before  0.55  0.59  0.00  0.45  0.56  0.41 

after block  0.08  0.11  0.05  0.09  0.25  0.08 

Ragweed 

  

before  0.63  0.60  0.39  0.54  0.47  0.64 

after block  0.06  0.15  0.05  0.09  0.17  0.07 
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3.2.6. Comparison of specific IgE to extracts and molecular allergens 

In the 500 pollen-allergic patients described above, sIgE to extracts and molecular allergens 

were compared. From 1,500 positive extract results, only 985 (65.7%) had positive 

corresponding molecular marker allergens (Alt a 1, Amb a 1, Art v1, Bet v 1, Fra e 1, Phl p 1 + 

5). The other way round, this indicates that 34.3% of the positive extracts results could not be 

confirmed by molecular allergology 161. 

 

The correlation between extracts and molecular marker allergens decreased inversely with the 

number of positive extract results: in the one to five-fold positive pollen patients, 92.0%, 85.0%, 

79.7%, 59.3% and 49.4% of the positive extract results had positive corresponding molecular 

marker allergens, respectively 161. Correlation also differed between the pollen species 

investigated: overall, 91.4% of the timothy grass, 77.7% of the birch, 74.0% of the ash, 29.6% 

of the mugwort and 21.3% of the ragweed pollen extracts showed positive corresponding 

molecular marker allergens, respectively 161. 

 

3.2.7. Sensitivity of molecular allergy diagnosis 

The sensitivity of molecular allergy diagnosis using marker allergens ranged between 91.5% 

and 100% using ALEX2 and between 96.2% and 100% using CAP 161. As with molecular 

diagnosis of HDM allergens (see above), sensitivities correlated to extract sIgE levels and 

increased with higher IgE values to the respective pollen extracts (Table 12) 161. 
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Table 12: Sensitivity of seasonal molecular allergy diagnosis 

The sensitivities of molecular allergy diagnosis using ALEX2 and CAP are shown. With CAP, 

Ole e 1 was used as a substitute marker for ash pollen allergy, as no Fra e 1 was available. All 

p-values are direct comparisons to extract-based singleplex diagnosis using CAP; if the 

molecular allergen had 100% sensitivity, no statistical test could be performed due to constant 

values (-) 161. 

 Allergen Extracts ≥ 0.35 kUA/l ALEX2 p-value CAP p-value 

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

Ole e 1 (n = 106)   98.1% 0.500 

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

Timothy grass 

pollen 

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

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

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

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

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

  

Allergen Extracts ≥ 0.70 kUA/l ALEX2 p-value CAP p-value 

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

Ole e 1 (n = 104)   98.1% 0.500 

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

Timothy grass 

pollen 

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

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

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

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

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

 

Allergen Extracts ≥ 3.50 kUA/l ALEX2 p-value CAP p-value 

Ash pollen 
Fra e 1 (n = 74) 100% -   

Ole e 1 (n = 74)   100% - 

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

Timothy grass 

pollen 

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

Phl p 1+5 (n = 96) 100% - 100% - 

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

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

Alternaria Alt a 1 (n = 75) 100% - 100% - 
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The molecular marker allergens of birch pollen and Alternaria, Bet v 1 and Alt a 1, already 

showed 100% sensitivity in the overall analysis, which is why no statistical test could be 

performed as results were identical to the extract-based analysis 161. The major molecular 

allergen of ash pollen, Fra e 1, showed a sensitivity of 98.1% using ALEX2. Interestingly, Ole 

e 1, used as a substitute marker for ash pollen using CAP as no Fra e 1 is available on the CAP 

system, showed identical sensitivity 161. The essential marker allergen of timothy grass pollen 

allergy, Phl p 1, showed a high sensitivity in both test systems and was statistically equal to 

extract-based diagnosis (97.2% CAP vs. 98.1% ALEX2); however, adding sIgE determination 

to Phl p 5 increased sensitivity of MAD to 100% in both test systems 161. In addition, Amb a 1 

showed good sensitivity; 97.2% of the patients were positive in both test platforms in the overall 

analysis 161. 

Only Art v 1 differed significantly from the extract-based analysis. Art v 1 had a higher overall 

sensitivity using CAP compared to ALEX2 (96.2% vs. 91.5%) and Art v 1 using CAP performed 

statistically equally to the mugwort extract (p = 0.125), whereas Art v 1 using ALEX2 

performed statistically worse (p = 0.004) 161. Including the mugwort extract analysis present on 

ALEX2, sensitivity increased to 94.3%, which was still statistically inferior to the extract-based 

analysis using CAP (p = 0.001). In patients with sIgE to the extracts greater than 0.7 kUA/l, 

however, Art v 1 performed statistically equally to extract-based diagnosis when determined 

using ALEX2 as well (p = 0.063) 161. 

 

3.2.8. Specificity of molecular allergy diagnosis 

Initially, the prevalence of “false-positive” molecular results of Amb a 1, Alt a 1, Art v 1, Bet 

v 1, Ole e 1, Phl p 1 and Phl p 5 were tested in 50 controls in each of the six mono-allergic 

patient populations (from the sensitivity analyses) in both test systems.  

Out of 1,750 measurements per assay, which were expected to be negative, none were positive 

using CAP, and 15 were positive using ALEX2, leading to “false-positivity” rates of 0.0% and 

0.9%, respectively. By definition, this was not a specificity analysis because all these patients 

were pollen-allergic, although to different pollen sources; however, specificity would be 100% 

for CAP and 99.1% for ALEX2. 

Most of the “false-negative” molecular results using ALEX2 had low sIgE levels; however, it 

was remarkable that the correlating allergens using CAP, although lower than the cut-off of 

0.35 kUA/l and therefore “negative”, reacted in all 15 sera as well. None of the patients reported 

symptoms, and extracts and prick tests to these allergens were negative; therefore, these positive 

results only constituted clinically irrelevant sensitizations, not allergic conditions; however, 
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these numbers indicate that ALEX2 was more sensitive than CAP, although these patients 

showed low sIgE levels (Table 13). 

 

Table 13: “False-negative” molecular results 

Specific IgE levels (kUA/l) 

Category ALEX2 CAP 

Alternaria 
Phl p 1 

0.39 

Phl p 1 

0.17 

0.32 0.10 

0.31 0.17 

Phl p 5 1.47 Phl p 5 0.28 

 

Ash Phl p 1 0.53 Phl p 1 0.15 

 

Birch 
Fra e 1 

1.45 

Ole e 1 

0.20 

0.69 0.07 

0.52 0.12 

0.48 0.11 

Phl p 1 0.52 Phl p 1 0.34 

 

Timothy 

grass 
Fra e 1 

0.90 
Ole e 1 

0.16 

0.61 0.08 

 

Ragweed 
Fra e 1 

0.96 
Fra e 1 

0.12 

0.87 0.14 

Alt a a1 0.72 Alt a 1 0.18 

 

In addition, a true specificity analysis was performed in 106 sera from non-allergic subjects 

with negative prick tests to 13 aeroallergens (pollen, pets, mites and moulds) and negative sIgE 

to extracts of the six seasonal allergens investigated.  

Alt a 1, Amb a 1, Art v 1, Bet v 1, Ole e 1, Phl p 1 and Phl p 5 were tested using ALEX2 (7 x 

106 = 742 determinations). None of these 106 subjects reacted to any of these seven molecular 

allergens, resulting in a 100% specificity for each of the seven molecular allergens investigated 

161. 
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3.2.9. Correlation of the molecular test results  

With Spearman´s rho ranging between 0.790 and 0.940, determination of the six molecular 

allergens using CAP and ALEX2 correlated strongly (Figure 10) 161. Correlations were slightly 

curved for most allergens, indicating that maximum values of ALEX2 were lower; however, 

this observation that sIgE levels with ALEX2 were capped did not result in lower mean levels 

because only a minority of patients showed very high sIgE levels. Interestingly, ALEX2 even 

had a higher mean sIgE compared to the CAP for most allergens (Table 14). 

 

Table 14: Mean sIgE levels of seasonal molecular marker allergens 

Only mean sIgE levels of Amb a 1 were higher using CAP. For all other allergens, ALEX2 had 

higher mean values 161. 

Allergen ALEX2 CAP p-value 

Alt a 1  [kUA/l] 21.3 15.3 < 0.001 

Amb a 1 [kUA/l] 10.9 22.4 < 0.001 

Art v 1 [kUA/l] 3.4 2.9 < 0.001 

Bet v 1 [kUA/l] 21.9 16.5 < 0.001 

Fra e 1 / Ole e 1 [kUA/l] 25.2 16.0 < 0.001 

Phl p 1 [kUA/l] 20.0 18.6 < 0.001 

Phl p 5 [kUA/l] 10.9 7.4 < 0.001 

 

In addition, Figures 11 and 12 demonstrate direct comparisons of Alternaria and pollen of ash, 

birch, timothy grass, mugwort and ragweed between extracts (CAP) and the molecular allergens 

detected by CAP (left side) and ALEX2 (right side). Interestingly, correlations on the left side 

of both figures (CAP extract vs. CAP molecular) were quite linear. In contrast, correlations on 

the right side (CAP extract vs. ALEX2 molecular) were curved, indicating that ALEX2 values 

were capped. 
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Figure 10: Correlation of the two molecular allergy test systems 

Figure 10 shows scatter blots and Spearman´s rhos of the molecular allergens Alt a 1, Fra e 1 / 

Ole e 1, Bet v 1, Phl p 1, Art v 1 Amb a 1 in comparison between ALEX2 and CAP 161. 
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Figure 11: Correlation between seasonal extracts and molecular allergens I 

Figure 11 shows scatter blots and Spearman´s rhos between the extracts and molecular allergens 

of Alternaria (Alt a 1), ash (Fra e 1 / Ole e 1) and birch (Bet v 1) determined using CAP (left 

side) and ALEX2 (right side). 
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Figure 12: Correlation between seasonal extracts and molecular allergens II 

Figure 12 shows scatter blots and Spearman´s rhos between the extracts and molecular allergens 

of timothy grass (Phl p 1), mugwort (Art v 1) and ragweed (Amb a 1) determined using CAP 

(left side) and ALEX2 (right side). 
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3.2.10. Sensitization patterns 

Besides the molecular marker allergens, additional allergens (Alt a 6, Amb a 4; Art v 3; Bet v 

2, 4 and 6; Phl p 2, 4, 6 and 11) were tested in the 636 patients used for sensitivity analyses.  

 

Only Alt a 6 was available as an additional Alternaria allergen; however, the determination of 

Alt a 6 did not show any benefits compared to Alt a 1, as only 7/106 patients were positive 

compared to 106/106 patients positive to Alt a 1.  

For the diagnosis of ragweed pollen allergy, besides Amb a 1, Amb a 4 was available but was 

only positive in 1/106 patients. No sIgE to Art v 1 was detectable in this patient (Amb a 4 and 

Art v 1 are both defensin-like proteins with potential cross-reactivity).  

The determination of Art v 3 in the mugwort pollen-allergic patients did not reveal any benefits. 

Only 1/106 using CAP and 0/106 using ALEX2 were positive to this allergen. 

Additional allergens tested in the birch pollen-allergic patients were Bet v 2, 4 and 6 using CAP 

and Bet v 2 and 6 using ALEX2. The profilin Bet v 2 was positive in 0/106 using CAP and 

1/106 using ALEX2; the polcalcin Bet v 4 was negative in all 106 sera with both test methods. 

Both results are not surprising, as these were mono-allergic patients defined by prick and sIgE 

reactivity. Furthermore, Bet v 6 was only positive in 1/106 patients in both test systems; 

however, Bet v 1 levels in this patient were about threefold higher than the Bet v 6 results in 

both assays. 

Ole e 9 was negative in all 106 ash pollen-allergic patients. On the other hand, Ole e 7 reacted 

in 14 patients using CAP and one patient using ALEX2. The patient, who was positive in both 

methods, was one of the two patients negative to Ole e 1; therefore, one could assume a possible 

primary sensitization to olive tree pollen rather than ash tree pollen in this patient. It is of note 

that Ole e 7 is a putative non-specific lipid transfer protein – all other lipid transfer proteins 

available on ALEX2, such as Art v 3 from mugwort pollen or Pru p 3 from peach, were negative 

in the respective patient. 

 

A sensitization profile to timothy grass pollen allergens of 106 patients determined by CAP and 

ALEX, respectively, is depicted in Figure 13. Both test systems revealed similar results for Phl 

p 1, 2, 5, 6, 7 and 12. Interestingly, only Phl p 1 and Phl p 4 constituted major allergens by 

definition, as Phl p 5 sensitization was below 50% in both test systems. 94.3% were sensitized 

to Phl p 4 using CAP, an allergen not available on ALEX2. The polcalcin Phl p 7 and the profilin 

Phl p 12 were negative in all patients in both test systems, which again is not surprising as these 

106 patients were mono-allergic to timothy grass pollen. 
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Figure 13: Sensitization to molecular timothy grass pollen allergens 

By definition, only Phl p 1 and Phl p 4 constituted major allergens. 
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4. Discussion 

4.1. House dust mite allergy 

HDM allergy-induced rhinitis, conjunctivitis and asthma impact the quality of life directly 

during the day and dramatically reduce sleep quality with indirect effects during daytime due 

to chronic fatigue. The prevalence of symptoms reported by our patients was in agreement with 

previous studies 163,164. No differences between females and males or adults and children were 

observed in our study population. Rhinitis was the leading symptom, with 89.3% affected. In 

addition, almost one-third of the patients also reported conjunctivitis (29.8%) and, more 

importantly, lower respiratory symptoms such as bronchitis or asthma. The high prevalence of 

respiratory symptoms (18.1% bronchitis, 14.0% asthma) observed is in line with a previously 

reported prevalence of 16.2% for asthma in atopic patients with rhinitis 165. Similarly, the 

prevalence of respiratory symptoms was between 22% and 31% in our patients with seasonal 

allergies. For this reason, performing a medical history regarding lower respiratory symptoms 

(e.g. cough, dyspnoea, wheezing) is essential and lung function tests should routinely be 

performed if patients report these symptoms. We could observe that total IgE levels and 

sensitization rates to Der p 1 and 10 were higher in asthmatics than in non-asthmatics; however, 

these findings have no impact on daily patient care. Furthermore, HDM-related food allergy 

was rare in our study population, as only 0.9% of patients (cross-)reacted to shellfish. This rate 

is even lower than the reported 2.2% in a Bavarian HDM-allergic patient cohort in Germany 

166. Still, it might be partially caused due to an intended selection bias since the inclusion 

criterium in our study was a respiratory, not food allergy. 

 

837 (28.4%) of our 2,948 patients referred to the outpatient clinic with rhinitis, conjunctivitis 

and/or bronchial asthma had sIgE reactivity to Der p extract, which is similar to the 31.3% 

reported in a large pan-European study with patients referred to allergology centres 119. Der p 

and Der f are the two most relevant HDM species in developed countries. Der f tends to 

predominate in areas with a prolonged period of dry weather 167, but both species cohabit 

regularly 120. All 215 HDM-allergic patients investigated showed sIgE reactivity to Der p 

extract as the main inclusion criterion. Surprisingly, although Der p is the predominant mite in 

our geographical area, 210 patients (97.7%) were also positive to the Der f extract (sIgE to Der 

f ≥ cut-off of 0.35 kUA/l). More precisely, all patients reacted to Der f, as the five Der f 

“negative” patients had sIgE values between 0.16 and 0.29 kUA/l. Interestingly, determination 
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of Der f extract was statistically equal to Der p extract (p = 0.063) and more sensitive than any 

molecular IgE approach we have investigated. 

This finding may be explained by a high cross-reactivity between the two mite species. Based 

on cDNA sequences, a homology of 81% between Der p 1 and Der f 1 and 88% between Der p 

2 and Der f 2 has been shown 168,169. These percentages fit perfectly with a previous report that 

more than 70% sequence identity is usually required for cross-reactivity 46. In addition, the 

difference between 88% and 81% may explain why cross-reactivity between Der p 2 and Der f 

2 was higher than between Der p 1 and Der f 1 in one previous study 122. 

Alternatively, besides cross-reactivity, it has been proposed that most Der p and Der f double-

sensitized patients may be due to a “bona fide co-exposure and sensitization” 121. Probably, it 

is a combination of both. 

 

The sensitivity of single HDM prick tests with Der p or Der f was lower than in-vitro sIgE 

testing. Although 100% of the patients were positive to any of the two prick tests, only 94% 

and 87% were pricked positive to Der p and Der f, respectively. Using skin prick tests, we 

observed mono-sensitization to Der p in 13%, which is more than the previously reported 5.3% 

170 and a considerably higher mono-sensitization rate compared to sIgE determinations. The 

reason for this difference remains unclear, but the potential explanations may be: (i) a selection 

bias as sIgE to Der p was the main inclusion criterion; (ii) a lower sensitivity of the more error-

prone prick testing compared to the more accurate sIgE diagnosis and (iii) an eventual 

underrepresentation of some cross-reactive allergens in the prick extracts. 

 

Der p 1 and 2 have been well known as major HDM allergens for a long time 127,128. Since their 

discovery, several studies have shown that most HDM allergic patients might be correctly 

diagnosed based on molecular allergology using these group 1 and 2 allergens. For example, it 

was reported that between 87.5 and 97% of HDM-allergic patients could be correctly diagnosed 

with Der p 1 and Der p 2 122,129-132. Nevertheless, these studies show a wide sensitivity range 

and have some limitations. Many of these studies have investigated a selected patient population 

and excluded patients with low sIgE levels to Der p extract; for example, only patients with 

sIgE to Der p extract ≥ 0.7 kUA/l 122,131 or ≥ 1.0 kUA/l 129,132 were included. In addition, one 

study selected patients solely based on case history and skin prick test without detailed 

information on extract sIgE levels 130. 
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Interestingly, older studies showed higher sensitivities with 95% (2004) 130, 97% (2008) 131 and 

94% (2012) 129, whereas more recent data showed lower sensitivities of 90% (2012) 122 and 

87.5% (2016) 132.  

The highest sensitivity with 97% was reported in a study that included only patients with sIgE 

to Der p extract ≥ 0.7 kUA/l 131. Additionally, in this study, the measurements of Der p 1 and 

Der p 2 were done using RAST-based dot blot assays with purified mite allergens rather than 

with commercially available molecular IgE assays 131. Moreover, several studies, including 

ours, have reported mono-sensitization rates to Der p 23 of between 4.2% and 5.3% 121,134,135,160, 

which indicates that a sensitivity of 97% with Der p 1 and 2 alone cannot be expected with 

routine diagnostic methods. 

In our patient population, 87.9% using ALEX2 and 88.4% using CAP were sensitized to either 

Der p 1, Der p 2 or both 160. Our percentages are lower than most of the above numbers, which 

may be explained by different patient populations/selection criteria. We intentionally did not 

exclude patients with low levels of sIgE to Der p extract to reflect an unbiased random sample 

out of daily practice 160; therefore, we also included patients with sIgE between 0.35 and 0.70 

kUA/l. Overall, 13.5% of our study population had low (≤ 1.0 kUA/l) sIgE levels to Der p160, in 

contrast to almost all studies mentioned above. 

Nevertheless, despite slightly varying sensitivities, all these studies, including ours, have two 

key messages in common: firstly, molecular test methods solely based on group 1 and 2 

allergens are not able to correctly diagnose all HDM-allergic patients (between 3 and 12.5% 

remain undetected), and secondly, some other allergen groups are probably relevant for correct 

diagnosis of HDM allergy in these patients. 

 

In 2013, a sensitization rate of 74% to Der p 23 was described, indicating Der p 23 as a new 

major allergen 133. Interestingly, using CAP, only 46.5% of our study population was sensitized 

to Der p 23. Nevertheless, using ALEX2, 54.0% of our patients tested positive for Der p 23 and 

we could confirm Der p 23 as the third major allergen; however, it is irrelevant whether Der p 

23 is a major allergen per definition or not, as it has no impact on the single allergic individual. 

The prevalence of Der p 23 mono-sensitization was more important because the additional 

determination of Der p 23, besides Der p 1 and 2, increased overall sensitivity. 

Our observed mono-sensitization rate to Der p 23 of 4.7% was identical using ALEX2 and CAP 

160, and aligns with previously reported rates of between 4.2% and 5.3% 121,134,135. It is, 

therefore, essential to include Der p 23 in any molecular HDM allergy diagnostic workup. For 

example, ISAC had the lowest sensitivity in our study because Der p 23 was missing; however, 
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it has been added to the array in the current version which is why one can assume that ISAC is 

now more comparable to other tests on the market.  

Adding Der p 23 to the diagnostic panel was still insufficient to diagnose all HDM-allergic 

patients, however, indicating that other allergens may be needed for a complete diagnosis. For 

example, Der p 10 and Der p 20 are other minor allergens that slightly increased molecular 

sensitivity. On the other hand, we detected no mono-sensitization to Der p 5, 7, 11 and 21; 

therefore, the diagnostic benefit of additional testing with those allergens was limited 160.  

 

The overall sensitivity of the MAD to diagnose HDM allergy was good, ranging from 88.8% 

to 94.9% in our analyses 160; nevertheless, no commercially available molecular test could 

detect all HDM-allergic patients. For example, with the most comprehensive analysis method, 

ALEX2, 11 out of 215 (5.1%) patients were negative for the nine molecular allergens 

investigated 160. There are several explanations: 

Firstly, although nine molecular allergens have been tested 160, maybe more allergens are 

needed, as 32 Der p molecular allergens have been described in the WHO/IUIS Allergen 

Nomenclature Database up to now (retrieved from www.allergen.org, 22th of May, 2022). 

Nevertheless, it is questionable whether adding even more molecular allergens to a multiplex 

test panel is beneficial. On the one hand, even on multiplex systems, capacities are limited, and 

the benefit of adding allergens like Der p 20 with a 0.4% increase in sensitivity is little. 

Furthermore, the added value of exploring additional rare allergens seems questionable since 

immunotherapy vaccines available are standardized only to major allergens, most of them only 

to group 1 and 2 allergens. The situation appears to be similar to that with bee venom allergy. 

Bee venom-allergic patients usually show a broad sensitization pattern, and the available 

molecular allergen panel has a low overall sensitivity of 71.6% 171. 

 

Secondly, one may speculate that some Der p molecular negative patients were not genuinely 

sensitized to Der p. Instead, they may have only shown cross-reactivity to Der p due to a primary 

sensitization to other house dust mites or storage mites. Possible candidates would be the house 

dust mites Blomia tropicalis and Dermatophagoides microceras, or storage mites such as Acaris 

siro, Glycophagus domesticus, Lepidoglyphus destructor or Tyrophagus putrescentiae. 

Initially, we thought this was not the case, as extracts of all these allergens (except 

Dermatophagoides microceras, which was not available) tested negative in all eleven Der p 

molecular negative patients using ALEX version 1; however, additional analyses with the CAP 

platform revealed that all eleven patients showed IgE reactivity to other mites. Nine out of 
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eleven Der p molecular negative patients even had (slightly) higher sIgE levels to other mites 

than Der p. These results raise the question of whether ALEX results were false-negative or 

CAP results false-positive.  

In the literature, co-sensitization between house dust and storage mites was frequently reported 

as 85.4% of patients sensitized to storage mites were positive to Der p 172, and 46% of patients 

sensitized to Der p were positive to storage mites 173. On the other hand, our overall analysis 

using ALEX version one only showed sIgE reactivity to one of the five mites mentioned above 

in 8.4%; therefore, the sensitivity of ALEX version 1 was considerably lower than previously 

reported, possibly indicating that ALEX results to other mites in the 11 Der p molecular 

negative patients were wrong and the CAP results were correct. Based on the sensitization 

profiles and sIgE levels shown in table 8, primary sensitization to other mites than Der p may 

have been possible. Likely candidates would be the house dust mites Blomia tropicalis and 

Dermatophagoides microceras, and the storage mites Acaris siro, Lepidoglyphus destructor or 

Tyrophagus putrescentiae. 

The evidence about cross-reactivity between Der p and non-pyroglyphid mites is conflicting. 

Older articles indicate some degree of cross-reactivity based on inhibition studies 173-178. On the 

other hand, other studies reported high cross-reactivity between storage mites but only limited 

cross-reactivity to Der p 122,130,131,179-182. These differences are the reason why it was 

hypothesized that simultaneous sensitization to house dust and storage mites is more likely to 

be induced by co-sensitization rather than cross-reactivity 122,131. 

In general, it is difficult to differentiate between co-sensitization and cross-reactivity of house 

dust and storage mites. Due to the retrospective design and because no prick tests to storage 

mites nor any provocation tests were performed in our patients, we cannot clarify whether our 

eleven Der p molecular negative patients were genuinely sensitized to Der p or other mites. 

Extensive inhibition studies would be needed but were not feasible due to the limited serum 

available. In addition, it is unclear whether IgE-cross-reactivity between storage mites and Der 

p is clinically relevant.  

 

Thirdly, technical issues may explain why not all Der p-allergic patients could be diagnosed 

with molecular allergology. It has been reported that compared to singleplex methods, the 

sensitivity of multiplex assays may be decreased in patients with low sIgE levels because of 

higher limits of detection, higher coefficients of variation and potential inhibition due to 

antigen-specific IgG 30. Our data clearly showed that the sensitivity of molecular multiplex 

arrays (but also of molecular singleplex analysis) was impaired in patients with low sIgE levels 
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160. Nevertheless, under ideal conditions – in patients with sIgE levels to Der p extract greater 

than 3.5 kUA/l – sensitivities of all molecular allergy test systems were very high, ranging from 

97.9 to 99.3% 160. Furthermore, the newest multiplex assay, ALEX2, already performed 

statistically equally to extract-based diagnosis in patients with Der p sIgE values greater than 

1.0 kUA/l (sensitivity of 97.3%, p = 0.063) 160. 

 

Finally, a possible CCD-interaction can be excluded based on our data. We did not observe any 

reactivity to CCDs (MUXF3) in any of our 215 HDM-allergic patients, including the eleven 

Der p molecular negative patients. This observation is contrary to previous data, in which sIgE 

to MUXF3 was reported in 25% of the patients 129. Nevertheless, the reported 25% reactivity 

to MUXF3 was probably independent of the HDM sensitization and reflected the general CCD-

reactivity of the study population investigated. The authors stated, however, that "CCD 

reactivity was unexpectedly prevalent, with an average of 25% MUXF3 IgE+ sera. However, 

serum levels of MUXF3 IgE were extremely low (0.12–3.31 kUA/l, median 0.56 kUA/l) and 

therefore unlikely to interfere with Dp IgE measurements" and they also mentioned “CCD 

reactivity, a confounding factor in mite IgE testing” 129, citing two other papers from Altmann 

et al. (2007) 58 and Malandain et al. (2007) 183. These two papers do not justify adding MUXF3 

to the HDM diagnostic panel, though. In the first paper, mites are only mentioned once, stating 

that “proteins from house dust mites, despite their phylogenetic relationship, are probably not 

core 3-fucosylated as they fail to bind rabbit anti-CCD antibodies“ 58. The second paper 

investigated CCD reactivity to 52 extract and recombinant allergens using two sera with 

significant levels of CCD IgE reactivity. They “unexpectedly” found a slight influence of 

glycan-related reactivity in several non-plant, non-insect allergens, such as domestic mites, 

amongst others 183. Nevertheless, this unexpected influence may be attributed retrospectively 

to CCD reactivity to the cellulose of the CAP system used in the study rather than a direct 

reaction with the mite extract. CCD-antibodies can induce false-positive CAP results due to 

interference with the cellulose of the CAP system, as mentioned above 67. 

There is no evidence that house dust mites contain MUXF3, a typical N-glycan found in plants, 

and adding MUXF3 to a diagnostic panel will not help detect more HDM-allergic patients.  

 

The correlation between the molecular HDM test systems was strong in our study. The most 

significant difference was that correlations between CAP and ISAC were more linear than those 

between these two methods with ALEX, which were more curved in the scatter plots (see Figure 

5 above). Technical reasons may cap IgE levels of ALEX; however, from a diagnostic and 
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therapeutic view, it is irrelevant whether the individual patient's sIgE levels to a respective 

allergen are 40 kUA/l or 100 kUA/l. 

The most noticeable difference between ALEX versions 1 and 2 was that ALEX2 was more 

sensitive to detect Der p 23 but less sensitive to determine sIgE to Der p 11. 

 

Modern HDM immunotherapies are often standardized to group 1 and 2 allergens 116,125,126; 

however, our numbers indicate that only about one-third (34.4%) of all HDM-allergic patients 

are treated with standardized allergens to which they are solely sensitized. On the other hand, 

nearly two-thirds (65.6%) of HDM-allergic patients may receive underpowered 

immunotherapies not containing all allergens to which these patients are sensitized. It would be 

interesting if patients with broad sensitization patterns were less responsive to therapy. A recent 

study based on a post hoc analysis showed that patients sensitized to additional allergens besides 

Der p 1 and 2 may have a reduced benefit when treated with standardized HDM 

immunotherapies 184. In addition, another study showed that patients sensitized only to Der p 1 

and/or Der p 2 benefited more from AIT than patients sensitized to additional allergens 185. 

Thus, stratification of patients with HDM allergy according to their molecular sensitization 

profiles may enhance the success of AIT 185. 

On the other hand, data for grass pollen SLIT were different. For example, treatment was 

efficacious in one study irrespective of whether patients were sensitized to single or multiple 

grass pollen allergens 186; however, this study used a 5-grass-pollen-extract, not a vaccine 

standardized to single allergens. 

 

Taken together, molecular HDM allergy diagnostics, using singleplex analysis and modern 

multiplex assays, showed high sensitivity, comparable to extract-based testing 160. Multiplex 

assays are an individualized diagnostic approach determining sensitization patterns of HDM-

allergic patients at reasonable cost 160. Individual sensitization profiles based on molecular 

allergology can help to select patients for allergen immunotherapy. In addition, they are a step 

towards personalized medicine. In patients with low sIgE levels, however, there is a minimal 

residual risk of underdiagnosing HDM allergy 160. For this reason, it is advisable to perform 

molecular HDM allergy diagnosis combined with prick tests. 
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4.2. Seasonal allergy 

More than half of the patients (56.3%) admitted to allergy diagnosis due to rhinoconjunctivitis 

and/or bronchial asthma were sensitized to (at least one of) the six seasonal allergens 

investigated 161. Alternaria only played a minor role (1.1% were mono-sensitized), whereas 

55.2% were sensitized to pollen allergens 161. About one-third (34%) of these patients were 

sensitized to multiple pollen allergens 161; therefore, pollen allergy was prevalent in our patient 

population and a reliable diagnosis is indispensable to select the appropriate vaccine for 

immunotherapy. Determination of sIgE and prick testing, both using extracts, are the two most 

frequently performed diagnostic procedures; however, extract-based pollen allergy diagnosis, 

especially in-vitro, can be hampered by pan-sensitization-induced cross-reactivity.  

Overall, the sIgE levels were low in up to 16.9% of the extract determinations, ranging between 

0.35 and 0.70 kUA/l (Figure 7) 161, with even higher rates of up to 30% for certain pollen 

allergens (Figure 7). A small proportion of these test results may present weak genuine 

sensitizations; however, many were solely based on cross-reactivity.  

Furthermore, the correlation between sIgE and prick test results of 2,948 patients revealed that 

extract-positive/prick-negative results were about 4.5 times more likely for pollen than 

Alternaria (13.3% vs. 2.8%). Most of these “false-positive” pollen sIgE results were probably 

due to cross-reactivity by anti-CCD antibodies and only a minority due to false-negative prick 

tests. Cross-reacting sIgE to profilin and polcalcin could be excluded here because these 

antibodies usually induce positive prick test results 161.  

In addition, in the 500 pollen-allergic patients investigated, 34.3% of the positive pollen extract 

sIgE could not be confirmed with molecular allergology using marker allergens 161. 

Consequently, extract-based pollen sIgE determinations are prone to error by cross-reactivity, 

leading to decreased diagnostic specificity. The main reason for cross-reactivity is sIgE to 

CCDs and the panallergens profilin and polcalcin. 

 

Overall, about one tenth (10.2%) of all patients referred to allergy diagnosis and nearly one-

fifth (18.5%) of the pollen-allergic patients revealed pan-sensitizations via CCDs or the 

panallergens profilin and polcalcin 161. As a result, these patients were at risk of being 

incorrectly diagnosed and prescribed the inaccurate immunotherapies 161. Considering the 

hundreds of millions affected by allergic rhinoconjunctivitis and asthma worldwide 8, these 

percentages translate into millions at risk. 
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In our pollen-sensitized patients, the sensitizations rates were higher for profilin and CCDs 

(10.9% and 8.7%) than for polcalcin (2.9%) 161 and were in line with previously published data 

59,65,71-73,85,88; however, clinically relevant reactivity may be even higher than these rates. For 

example, for CCDs, we could show that “negative” CCD values below the cut-off of 0.35 kUA/l 

can still elicit clinically relevant false-positive pollen extract sIgE results. 

 

Interestingly, about 80% of the cross-reactive patients were only sensitized to one panallergen, 

and 20% were simultaneously sensitized to two of them, but none was sensitized to all three 

(CCDs, profilin and polcalcin). Overall sensitization to two panallergens was rare, however, as 

only 2.1% of our study population was sensitized to two panallergens (out of three, CCDs, 

profilin and polcalcin). This percentage is in line with a previous paper, which assumed that 

sensitization to both panallergens (profilin and polcalcin) in the same individual is 

approximately <2% 187.  

The negative impact of CCDs and panallergens such as profilin and polcalcin on IgE diagnosis 

using extracts has been known for years. The dimension may have been underestimated, though, 

because blocking of sIgE to CCDs or determining molecular allergens was not regularly done. 

The main impediment to their widespread use in routine allergy diagnostics may have been the 

additional cost due to expensive reagents and more work expenditure. 

 

There is a general consensus that IgE antibodies to CCDs are clinically irrelevant for pollen and 

insect venom allergy despite negatively influencing extract-based diagnostics by decreasing 

diagnostic specificity 53,55,58,60,188. Only three out of 600 patients reacted to CCDs without 

simultaneous sensitization to molecular pollen or plant food allergens in our study population. 

These patients were sIgE positive to wasp venom as a possible explanation for CCD reactivity. 

Although differences between CCDs in Hymenoptera (MMF3F6) and pollen (e.g. MUXF3) 

exist 58, it has been shown that CCD antibodies elicited by Hymenoptera venom can distort 

pollen IgE diagnosis using extracts 189, which our data confirms. 

 

In contrast, profilins and polcalcins are true minor aeroallergens and clinically relevant at times, 

especially in some geographical areas or some allergens. In addition, although their role in 

triggering respiratory allergic symptoms is still controversial, there is growing evidence that 

some profilins can elicit respiratory symptoms 75,81.  

In our patients, sensitizations to profilin and polcalcin were consistently associated with 

genuine pollen sensitization. None had primary sensitization to profilin or polcalcins. In 
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addition, affected patients were sensitized to at least one molecular pollen marker allergen and 

reported symptoms during the pollen season of the primary sensitizer(s). This finding indicates 

that sensitizations to profilin and polcalcin are usually not direct and genuine but bystander 

phenomena that arise later in the course of pollen allergy. This theory is in line with previous 

data from Germany showing that sensitization to profilin and polcalcin from grass pollen occurs 

late in the molecular spreading of grass pollen allergy 76. In addition, a previous study with 

smaller cohorts reported that patients mono-sensitized to birch pollen did not show 

sensitizations to bromelain-type CCD or profilin 190, which is identical to all our patients with 

mono-sensitization. 

The most common mono-sensitizers inducing profilin sensitization were grass pollen (18.2%), 

ash pollen (3%) and birch pollen (3%). In addition, multiple true pollen sensitizations were 

detected in 75.8% of the patients sensitized to profilin. Overall, genuine sensitization to Amb a 

1, Art v 1, Bet v 1, Fra e 1 or Phl p 1/5 could be found in 19.7%, 24.2%, 50.0%, 54.5% or 86.4% 

of the profilin- and polcalcin-sensitized patients, respectively. Interestingly, although the 

diagnosis of mugwort and ragweed pollen allergy was affected by cross-reactivity, their 

contribution to profilin or polcalcin sensitization was negligible. One could speculate that the 

environmental pollen load of mugwort and ragweed is low compared to other allergens, such 

as grass pollen; however, it is also possible that we may have missed patients with profilin and 

polcalcin sensitizations due to primary mugwort or ragweed allergy pollen because allergies to 

mugwort and ragweed pollen are rare compared to, for example, birch or grass pollen. 

 

There are two options for dealing with the influence of cross-reactivity on extract-based pollen 

sIgE diagnosis: (i) The consequent determination of the different cross-reactive allergens and 

(ii) molecular allergy diagnostics to avoid or minimize their influence. 

The first option, determining all cross-reactive allergens in every patient (CCDs, profilin, and 

polcalcin), is cost-intensive; still, fortunately, the risk of involvement can be anticipated 

indirectly by determining sIgE to a representative pollen extract panel in every patient. For 

Central Europe, we recommend the pollen of ash, birch, timothy grass, mugwort and ragweed. 

Poly-sensitization to pollen has to be expected in about one-third (34.0%) of patients referred 

to allergy diagnosis due to rhinoconjunctivitis and/or bronchial asthma and poly-sensitization 

to pollen extracts is a warning sign for cross-reactivity.  

Our data indicate that 73% of the sera with five and 17% of the sera with four positive pollen 

results were influenced by cross-reactivity 161. Consequently, 50.7% and 40.7% of the pollen 

extract results in the 5-fold and 4-fold pollen positive group had negative corresponding 
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molecular marker allergens, implying that these pollen extract results were probably only 

positive due to cross-reactivity; therefore, multiple positive extract sIgE results have to be 

interpreted with caution. An exact correlation to the patient's history and prick tests is 

mandatory, and before prescription of immunotherapy, additional determination of sIgE to 

molecular allergens is still advisable. On the other hand, if these five pollen extracts were 

determined and only three or fewer were positive, the risk of cross-reactivity was marginal (5%) 

or negligible (≤ 1%) 161. 

 

The second option is the use of molecular allergology. Depending on the platform used, MAD 

can strongly reduce or even completely avoid the negative influence of cross-reactivity on 

pollen allergy diagnostics.  

Molecular allergology with single major marker allergens has been highly sensitive for 

diagnosing the six most common seasonal inhalant allergens in Central Europe, with 

sensitivities of between 96.2% and 100% using CAP and 91.5% and 100% using ALEX2 161. 

Similarly to house dust mite allergy, however, single marker allergens may not be perfect for 

every allergen source. Our study group has reported previously that Phl p 1 is sufficient to 

diagnose timothy grass pollen allergy with a sensitivity of 98% 115. Based on our current data, 

with sensitivities of 97.2% and 98.1% in the overall analysis using CAP and ALEX2 161, we can 

confirm the results of our previous study; nevertheless, additional testing of Phl p 5 could 

further increase sensitivity 161. In our current analysis, simultaneous determination of Phl p 1 

and Phl p 5 was able to diagnose 100% of the mono-allergic timothy grass pollen patients 

correctly. In other geographical regions, though, additional allergens may also be relevant. For 

example, mono-sensitization to Phl p 2 or Phl p 4 has rarely been observed 191. 

For this reason, and because of the 94.3% positivity rate in our 106 timothy grass pollen-allergic 

patients using CAP, it is odd that Phl p 4 is not available on ALEX2. Nevertheless, with 100% 

sensitivity in our cohort, the combination of Phl p 1 and 5 is a good compromise, at least for 

Central Europe. An additional benefit of this combination is its availability for single 

determinations with the CAP platform, where both molecular allergens can be determined for 

the cost of one analysis (allergen g213: rPhl p 1, rPhl p 5b).  

The diagnosis of Alternaria (Alt a 1–100%), ash (Fra / Ole e 1–98.1%), birch (Bet v 1–100%) 

and ragweed pollen allergy (Amb a 1–97.2%) with single major marker allergens showed 

excellent sensitivity with both test systems (ALEX2 and CAP) as well.  

Interestingly, sIgE determination to Ole e 1 from olive pollen on the CAP platform served well 

as a surrogate marker for Fra e 1 of ash pollen, which is only available on ALEX2, indicating 
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strong cross-reactivity between these two members of the Oleaceae family. Specific IgE 

determination to Ole e 1 and Fra e 1 showed 98.1% sensitivity in our analysis. On the other 

hand, two previous reports only showed positivity to Ole e 1 in 87.6% 108 and 88% 109. The 

latter publication additionally showed, in agreement with our data, that the determination of 

Ole e 7 and 9 does not increase the sensitivity 109.  

Also, Alt a 6, Amb a 4, Bet v 6, Phl p 2, Phl 6 or Phl p 11 did not increase the sensitivity of 

diagnosis in the respective mono-allergic patients, indicating that it is sufficient to determine 

only molecular marker allergens. 

The weakest allergen in our analysis was Art v 1 to diagnose mugwort pollen allergy. Overall 

sensitivity using CAP was 96.2% and better than 91.5% using ALEX2. Determination with CAP 

performed statistically equal to extract-based diagnosis (p = 0.004), whereas determination with 

ALEX2 did not (p = 0.125). Adding Art v 3 did not increase the sensitivity in both assays; the 

mugwort pollen extract on ALEX2 did increase the test's overall sensitivity to 94.3%, though 

161. These slightly lower percentages compared to all other allergens investigated cannot be 

explained solely by technical problems of the ALEX2, however, but rather by the selection of 

our mugwort patients 161. 

 

Genuine mono-sensitization to mugwort was rare in our patients, and we had to screen our 

database from 2013 to 2020 to include a sufficient number of patients. Because mono-sensitized 

patients were rarely seen, most had low levels of sIgE compared to the other allergens. For 

example, only 89 out of 106 patients (84.0%) had sIgE to mugwort pollen extract ≥ 0.7 kUA/l, 

whereas with all other allergens, at least 102 out of 106 (96.2%) had extract levels ≥ 0.7 kUA/l. 

Consequently, mean sIgE levels to Art v 1 were low – about three times lower than Amb a 1 or 

Phl p 5, and more than six times lower than the other marker allergens (Table 14). 

Mugwort is not a rare allergen per se, and with reported prick test positivity rates of 21.9%, it 

is the third most common seasonal aeroallergen in Austria after grass and birch pollen 11; 

however, patients are rarely mono-sensitized to mugwort pollen, and many positive extract test 

results are due to cross-reactivity rather than genuine sensitization. Not only CCDs, profilin and 

polcalcin are relevant here. Mugwort and ragweed cross-react intensively because these two 

botanically related plants share multiple similar allergens 192. The minor allergen of mugwort 

pollen, Art v 6, shares sequence homology with the major marker allergen Amb a 1 of ragweed, 

both being pectate lyases 95. Furthermore, the structure of the minor ragweed allergen Amb a 4 

is similar to the major marker allergen Art v 1 of mugwort, both defensin-like proteins 193. In 

addition, both allergen sources have a lipid-transfer protein allergen (Art v 3 and Amb a 6) 194. 
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These shared allergens are the reason why many patients are double-sensitized to both extracts, 

mugwort and ragweed pollen, despite genuine sensitization to only one of both allergen sources. 

For example, in a study of 372 weed pollen-allergic patients, only 7% of the 147 mugwort 

pollen-sensitized patients were not sensitized to ragweed 94. Considering this percentage, it is 

not surprising why it was difficult for us to find 106 patients mono-sensitized mugwort for the 

sensitivity analysis. 

It has been reported that sensitivity of multiplex systems may be decreased in patients with low 

sIgE levels because of higher limits of detection, higher coefficients of variation and a potential 

inhibition by antigen-specific IgG 30. As observed with house dust mite allergy, this is also valid 

for our patients allergic to mugwort pollen. The higher the sIgE to these allergen extracts, the 

better was the sensitivity of molecular allergy diagnosis. 

For this reason, the slightly decreased sensitivity of Art v 1 compared to the other seasonal 

allergens can mostly be explained by a selection bias of our mugwort-allergic patients with low 

sIgE levels to mugwort extracts. In patients with sIgE levels greater than 0.7 kUA/l, however, 

Art v 1 showed statistically comparable results to extract-based diagnosis in both test systems 

161. 

Nevertheless, our data also demonstrate that it is not a general characteristic of multiplex 

systems to have higher detection limits than singleplex assays. In the molecular “false-

positivity” analysis, 1,750 molecular values of patients with negative prick tests and sIgE to 

extracts were expected to be negative; however, ALEX2 showed 15 slightly elevated molecular 

values (sIgE between 0.31 and 1.47 kUA/l). All of the corresponding determinations using CAP 

were below the cut-off (molecular IgE levels between 0.07 and 0.34 kUA/l), but none was truly 

negative. These sensitizations were clinically silent at the time of blood sampling; however, the 

high correlation between both test systems indicates that (at least some of) these results were 

due to genuine sensitizations, and ALEX2 was able to detect them earlier. 

 

Besides being sensitive, molecular allergy diagnostics using single major allergens was also 

highly specific to diagnosing the six most common seasonal inhalant allergens (Alternaria, ash, 

birch, timothy grass, mugwort and ragweed) in Central Europe. 

Our molecular “false-positivity” analysis revealed the first impression on specificity. CAP and 

ALEX showed a “false-positivity rate” of 0 and 0.9% here; however, these percentages cannot 

be translated into a “specificity” of 100% and 99.1% because the sera investigated belonged to 

actual pollen-allergic patients, although to other pollen and, as mentioned above, we assume 

that these “false-positive” results were not false-positive but probably true sensitizations.  
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The specificity analysis in 106 non-allergic subjects showed very similar results, however. Our 

data revealed 100% specificity for Amb a 1, Alt a 1, Art v 1, Bet v 1, Fra/Ole e 1, Phl p 1 and 

Phl p 5 using ALEX2. In general, specificity analyses were rarely presented in the literature; 

however, for example, 100% specificity has been reported for Bet v 1, which is in line with our 

results 104. 

 

The molecular correlations between the multiplex assay ALEX2 and the singleplex assay CAP 

were strong, with Spearman´s rho ranging between 0.790 and 0.940 (Figure 10). As shown 

above, for HDM diagnosis as well, sIgE values of ALEX2 were again limited; however, this 

had no impact on routine diagnostic care, and mean sIgE levels were still higher for most 

allergens using ALEX2. Furthermore, besides Art v 1 in patients with very low mugwort pollen 

extract levels, both systems using molecular allergens produced almost similar results.  

 

Nevertheless, both test systems have potential disadvantages. Cost is probably the most 

significant barrier to the broad use of molecular allergy diagnosis. Using CAP, molecular 

analyses are more expensive than extract determinations, and performing extensive molecular 

profiles is more cost-intensive by means of CAP than with multiplex chips such as ALEX or 

ISAC. An additional consideration is potential false-positive test results up to 2 kUA/l even with 

nonglycosylated recombinant allergens in patients with high levels of sIgE to CCDs due to 

varying amounts of CCDs in the cellulose used as a solid-phase allergen carrier in CAP 67. 

CCDs are no longer an issue utilizing ALEX2, as a CCD block is performed routinely before 

every analysis; however, one must consider a slightly decreased sensitivity of ALEX2 in 

patients with very low extract levels, at least for some allergens such as Dermatophagoides 

pteronyssinus or mugwort pollen. Furthermore, although ALEX2 determines a comprehensive 

allergen panel, both extract-based and molecular, with 295 allergens from 165 sources with one 

test run at reasonable cost, ALEX2 is more expensive than some single CAP analyses. It is a 

matter for discussion whether every patient needs a comprehensive laboratory workup – and a 

thorough workup in every patient with allergy symptoms could eventually be limited not only 

by cost but also by physicians’ capacities to interpret all these gathered results; however, a 

broader application of molecular pollen allergy diagnosis could improve the specificity and 

quality of allergy diagnosis and, consequently, the effectiveness of allergen immunotherapy 161. 
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5. Conclusion 

Most HDM-allergic patients can be diagnosed correctly using a few molecular marker 

allergens. Besides Der p 1 and 2, we could confirm that Der p 23 is a major allergen, and with 

mono-sensitization rates of 4.7%, Der p 23 has to be part of any molecular work-up. Although 

the most modern multiplex assay, ALEX2, had slightly better sensitivity, all three commercially 

available platforms are suitable for molecular HDM allergy diagnosis; however, a routine 

determination of three molecular allergens (Der p 1, 2, 23) to screen for one allergen source 

may be cost-intensive, especially when performing singleplex analyses. Moreover, no cross-

reactivity exists between HDM and MUXF3, profilin or polcalcins. Molecular allergology is 

more precise but not necessarily better for diagnosing HDM allergy; thus, it is also suitable to 

screen with HDM extracts. Der p and Der f extracts showed high cross-reactivity and performed 

statistically equal; therefore, the determination of sIgE to one of these extracts is sufficient; 

however, we recommend performing additional MAD before prescribing HDM 

immunotherapy.  

 

Pollen allergy is prevalent in Austria. 55.2% of all patients referred to allergy diagnosis were 

sensitized to pollen, and 34% reacted to multiple pollen species. In addition, sensitization to 

CCDs and panallergens such as profilin or polcalcin was common in patients allergic to pollen, 

especially in patients reacting to multiple pollen allergens. Cross-reactivity induced by these 

sensitizations frequently confounded extract-based diagnosis by decreasing diagnostic 

specificity. Consequently, about one tenth (10.2%) of all patients referred to allergy diagnosis, 

and nearly one-fifth (18.5%) of pollen-allergic patients were at potential risk of misdiagnosis. 

Misdiagnosis may lead to the prescription of immunotherapies with the wrong primary allergen 

sources, resulting in ineffective therapies with potential side effects. 

We recommend two options for avoiding misdiagnosis: determining a routine pollen extract 

panel in every patient (in Central Europe: pollen extracts of ash, birch, timothy grass, mugwort 

and ragweed) or performing molecular pollen allergy diagnostics. In option one, if these five 

pollens are determined, and four or five are positive, the high risk of cross-reactivity must be 

considered; however, if only three or fewer are positive, it is negligible. Option two, performing 

molecular allergy diagnostics, avoids the influence of cross-reactivity via profilin and polcalcin, 

and – when performed using ALEX2 – also of anti-CCD antibodies. 

Both molecular test systems investigated, CAP and ALEX2, showed reliable results to diagnose 

pollen allergy. These commercially available molecular diagnostic methods are highly sensitive 

and specific, prevent misdiagnosis and help to select primary allergen sources for 



  

 

74 

immunotherapy 161. Molecular allergy diagnosis of Alternaria is reliable as well; however, 

determination of sIgE to Alternaria extract is also suitable for diagnosis because no cross-

reactivity exists via CCDs, profilin or polcalcin. 
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6. Implication for practice 

Our data imply that the determination of sIgE to pollen extracts is prone to error due to false-

positive results elicited by cross-reactivity; therefore, molecular marker allergens should 

preferably be used if sIgE to only individual pollen allergens are determined. In addition, 

several sIgE profiles could be used to minimize the risk of cross-reactivity (Table 15). On the 

other hand, Alternaria and house dust mite extracts are not influenced by cross-reactivity due 

to antibodies against CCDs, profilin and polcalcin and are suitable for screening purposes; 

however, we recommend determination of molecular allergens before the prescription of house 

dust mite immunotherapy. 

 

Table 15. Different sIgE profiles recommended for routine use 

1 

Extracts only 

2 

Extracts+Indicators 

3 

Hybrid 

4 

Molecular only 

Ash extract Ash extract Ole e 1  Ole e 1 

Birch extract Birch extract Bet v 1 Bet v 1 

Timothy grass extract Timothy grass extract Phl p 1 + 5 Phl p 1 + 5 

Mugwort extract Mugwort extract Art v 1  Art v 1 

Ragweed extract Ragweed extract Amb a 1 Amb a 1 

Alternaria extract Alternaria extract Alternaria extract Alt a 1 

Der p extract Der p extract Der p extract Der p 1 

 MUXF3  Der p 2 

 Phl p 12  Der p 23 

 Phl p 7  (MUXF3) 

 

Profile 1 is the most cost-effective option and should always be combined with prick testing. 

Importantly, all five pollen extracts should always be determined to indicate cross-reactivity. If 

three or more of the five pollen extracts are positive, cross-reactivity must be considered. In 

this case, if numerous prick tests are positive, profilin or polcalcin sensitization is probably the 

reason; if the corresponding prick tests are negative, CCD involvement is likely. 

 

Profile 2 is similar to profile 1, with the difference that CCDs, profilin and polcalcins are always 

determined. Using this method, the interpreting physician knows directly whether cross-

reactivity is present. For this reason, it is not strictly necessary to determine all five pollen 
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allergens in every patient; however, identifying the genuine sensitizations using extracts in the 

presence of cross-reactivity may still be difficult and need further molecular workup. 

 

Profile 3 is not influenced by profilins or polcalcins and indicates genuine sensitizations if sIgE 

results are positive; however, multiple-positive results may point to possible CCD involvement 

via interference with the cellulose matrix if this profile is performed using CAP. Nevertheless, 

correlation with prick tests helps in this case: if all or many corresponding prick tests are 

negative, CCD involvement is likely. 

 

Profile 4 is the most sophisticated approach, again not influenced by profilins or polcalcins. 

Still, if performed using CAP, correlation with prick tests is necessary in case of multiple 

positive results to exclude CCD involvement; however, this panel determined with the 

multiplex assay ALEX2 (CCD inhibition integrated) detects true sensitizations only. 

 

All four profiles, the cost-effective profile 1, the intermediate-cost profiles 2 and 3, and the 

sophisticated profile 4, are suitable for routine care, as long as the interpreting physician 

considers their potential disadvantages. 
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7. Limitations 

The most significant limitation of this study may be a selection bias due to the retrospective 

study design. Statistical planning revealed that 106 patients per allergen were necessary to 

determine the sensitivity of the molecular seasonal allergens with certainty. The data collection 

period in a prospective single-centre study would have been approximately eight years because 

mono-allergic patients to ash, Alternaria, ragweed and especially mugwort are rare; therefore, 

we chose to conduct this study in a retrospective design.  
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8. Outlook and suggestions for further work 

Our data confirm that molecular allergy diagnosis of the investigated allergens using 

commercially available methods is sensitive and specific; therefore, physicians can rely on this 

technique. 

 

Further investigations of molecular allergy therapies are the next essential step. Firstly, 

additional data should be collected if patients with specific molecular allergen profiles treated 

with immunotherapy have different outcomes. For example, two recent studies showed that 

patients sensitized to additional allergens besides Der p 1 and 2 may receive a limited benefit 

when treated with standardized HDM immunotherapies 184,185. These observations need to be 

confirmed by further studies. If the difference can be established also for other allergens, it 

should be evaluated whether patients profit from individualized therapies. If so, precision 

diagnostic followed by precision therapy may be the future of allergy care. 
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