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KEY POINTS
 Identification of clinically relevant inhalant allergen sources, that is, tree, grass, or weed
pollen, is required before allergen-specific immunotherapy.
 In the case of IgE sensitizations to plant pan-allergens (minor allergens profilin and/or polcalcin) diagnostic pollen extracts lack analytical specificity and show all-over positive and
thus misleading results.
 Molecular marker allergens for allergen-specific IgE detection help to separate specific
sensitizations to tree and/or grass and/or weed pollen from IgE sensitizations to pollen
pan-allergens.
 Candidates for molecular allergy diagnostics to identify specific allergen sensitivities (ie,
major allergen markers) are Bet v 1 (birch, hazel, alder, beech, and oak) Ole e 1 (olive and
ash), Jun a 1 (cedar), Phl p 1/5 (Pooidea grasses), Amb a 1 (ragweed), Art v 1 (mugwort),
and Par j 2 (pellitory).
 Allergen extract compositions based on confirmed IgE sensitizations to major allergen
markers might facilitate more targeted allergen-specific immunotherapy.

a
Allergy & Asthma Center Westend, Outpatient Clinic Hanf, Ackermann & Kleine-Tebbe, Spandauer Damm 130, Haus 9, Berlin D-14050, Germany; b AG Molecular Allergology and Immunomodulation, Department of Pediatric Pneumology and Immunology, Charité Medical
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INTRODUCTION

Allergy diagnosis is based on the recording of characteristic symptoms after a known
allergen exposure and demonstrating immunoglobulin E(IgE) sensitizations (Fig. 1) to
the underlying (protein) allergen or allergen source (ie, plant, animal, or fungal species).
A positive history corresponding to positive sensitization test results indicates a clinically relevant allergy. Allergylike symptoms without corresponding IgE sensitizations
indicate a “localized allergy”1 or a nonallergic cause (ie, nonspecific, nonallergic rhinoconjunctivitis).2 Isolated positive diagnostic IgE antibody test results without corresponding symptoms are considered “silent IgE sensitizations.” Their clinical
relevance might have been apparent in the past or might develop in the future. The
following overview discusses diagnostic tools for successful implementation of
allergen-specific immunotherapy (AIT). Judicious use of allergen molecules in the
diagnostic evaluation permits a more targeted selection of allergen sources for subsequent use in AIT.3–6
CLINICAL INFORMATION WHEN ALLERGY IS SUSPECTED

The patient’s allergy history provides the clinician with the individual’s symptoms and
the onset, course, and trend of the disease. Seasonal allergic symptoms may be linked
to exposure to a number of allergen sources (ie, tree, grass, and weed pollen). The
relevant allergen sources are more readily identified in both the northern and southern
hemispheres, at temperate latitudes where moderate climate zones provide more
definitive separation of pollen seasons among the dominant pollen species (Fig. 2,
upper panel).
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Fig. 1. Diagnostic algorithm. A rational allergy work-up considers the benefits and risks to
the individual. These can involve suitability of a particular allergen source and test method
and the suitability of the patient for skin or blood testing (ie, interfering drug intake,
dermographisms, or comorbidities).
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Fig. 2. Simplified calendars of seasonal airborne allergen sources (ie, pollen, molds, consider vast regional differences). (A) Moderate climate regions
(northern/middle Europe, ie, Germany). (B) Northern parts of America (ie, Canada, northern parts of the United States). (C) Mild climate regions (southern Europe, ie, Italy). (D) Regions of America with hot or subtropical climates (ie, southern parts of the United States).
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Other areas within the subtropical or tropical climate zones show overlapping pollen
seasons, which may hamper conclusions based on history-derived symptom data
from the allergic individual (see Fig. 2, lower panel).
Valuable information can be collected in the case of a clear temporal or local manifestation of characteristic allergy symptoms after allergen exposure. This information
is often far from clear. Therefore, the data collected in a complete allergy-related history might be supplemented by
 Additional (parent’s) atopic history (ie, in infants and children)
 Allergy symptom diary (ie, prospective in the upcoming season)
 Software or mobile phone-based symptom calendars (ie, AllergyMonitor,7
Pollen-App 3.0 (http://www.pollenstiftung.de), National Allergy Bureau of the
AAAAI (http://www.aaaai.org/global/nab-pollen-counts.aspx)
The time spent in obtaining a thorough allergy history along with additional tools,
such as symptom diaries, is well invested as this clinical information serves as the basis for the selection of the allergen to be included in the subsequent AIT formulation. In
contrast, selections of therapeutic allergens for AIT based on vague patient information carries the risk of unsuitable prescriptions, resulting in failed AIT responses.8
PRINCIPLES FOR THE DEMONSTRATION OF IMMUNOGLOBULIN E SENSITIZATION
Skin Prick Test Reagents Are Considered Drugs in European Law

In the case of immediate-type hypersensitivity (type I allergy), sensitization tests are
based on the demonstration of allergen-specific IgE antibody. A positive skin prick
test (SPT) with allergens provides indirect evidence of allergen-specific IgE on cutaneous mast cells. SPTs are robust and easy to use screening instruments for common
allergen sources. Allergen extracts for in vivo diagnostic use are classified as drugs
according to a European Directive and must fulfil the criteria for market authorization
by the competent authorities (ie, Paul-Ehrlich-Institute, Langen, Germany: http://www.
pei.de/DE/arzneimittel/allergene/test-allergene/pricktest/pricktest-node.html). At present, certain extracts are no longer available on the market in certain European countries (ie, Germany) because of a number of quality control requirements and the
increased costs of maintaining mandatory pharmacovigilance data input in Europe.
Switching to another SPT solution from a different allergen manufacturer carries the
risk that the composition, total potency, and the size of the SPT reaction can vary,
despite being from the same allergen source. In the United States, extracts are treated
as biologics. A biologic is defined as a “biological product” (meaning an allergenic
product or analogous product) applicable to the prevention, treatment, or cure of a
disease or condition of human beings. Only 19 of the more than 1000 diagnostic
and therapeutic extracts have a standardized potency.9
Serologic Immunoglobulin E Diagnostics with Aeroallergens

In the case of missing skin test reagents, serologic in vitro diagnostic tests (see Fig. 1)
are an alternative option. They provide a direct assessment of circulating allergenspecific IgE. The results of specific IgE concentrations can vary considerably depending on the test method used. Their performance is compared in proficiency trials in
Germany and other European countries, whereas in North America their performance
is compared by the College of American Pathologists depending on the type of diagnostic assay that is provided by each manufacturer.
For optimal interpretation, allergen-specific IgE antibody results should be viewed in
the context of the individual’s total serum IgE level (to define the relative specific IgE to
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total IgE ratio).10,11 This approach is particularly important in the case of extremely low
(<20 kU/L) or very high (>1000 kU/L) total IgE concentrations.
Recently, commercially available allergen extract reagents for specific IgE detection
have been complemented by the addition of single allergens. The use of allergenic
molecule-based allergosorbents are able to improve the analytical working range of
the assay (eg, lower limit of quantitation), particularly in the case of allergens that are
missing or in low abundance in an extract. An additional indication for the use of single
allergens includes the assessment of cross-reactivity, which can interfere with the
analytical specificity of IgE antibody analyses that use allergen extracts (see later).
Basophil Activation Test for Sera with Extremely Low Total Immunoglobulin E Levels

In the case of extremely low total serum IgE levels, the basophil activation test (BAT)
allows a highly sensitive indirect demonstration of allergen-specific IgE on the surface
of human effector cells from fresh blood.12,13 This approach is used in the diagnostic
work-up of patients with negative specific IgE results and convincing clinical history
(ie, to insect venoms) and may be due to extremely low total IgE concentrations. In patients with typical allergylike symptoms but negative SPT and allergen-specific IgE
serology (“localized allergy”), a positive allergen-specific BAT has been demonstrated
in 50% of cases, which suggests a weak systemic IgE sensitization.14
Concordance and Interpretation of Sensitization Tests

In general, the results of in vivo and in vitro IgE sensitization tests are in good qualitative concordance, providing either a positive or a negative result. Because additional
variables add to their complexity,15,16 indirect sensitization tests (SPT, BAT) do not
necessarily demonstrate quantitative concordance with the direct demonstration of
specific IgE in serum.17 Proper interpretation requires taking into account that a negative test result would ideally rule out an IgE sensitization. However, a positive test
result indicates IgE sensitization and is only clinically relevant when the individual
has corresponding allergic symptoms. Subsequently, all diagnostic sensitization
test results require clinical information derived from the patient’s history to allow a
definitive interpretation by the physician.
ALLERGEN SOURCES FOR DEMONSTRATING SENSITIZATION BEFORE ALLERGENSPECIFIC IMMUNOTHERAPY

Because of the structural similarity and close taxonomical relationship of some major
allergens, selected common allergen sources are classified as homologs by the European Medicines Agency.18,19 On this basis, diagnostic tests that demonstrate IgE
sensitization to these specificities can be simplified. The use of 1 dominant and representative allergen specificity is frequently sufficient to represent a whole group of
allergen sources in its “taxonomic family” due to its content of homologous major
allergen(s). Examples of these taxonomic families are
 Birch pollen (with cross-sensitization to pollen allergens from alder, hazel and to
a lesser extent to oak, beech, chestnut and hornbeam)
 Olive tree pollen (with cross-sensitization to pollen allergens of other Oleaceae,
ie, ash tree, privet, elder)
 Cedar pollen (with cross-sensitization to other pollen allergens, ie, cypress)
 Timothy grass pollen or pollen from Poaceae (also applied as a mix with extensive cross-sensitization among all members of the Poaceae)
 Dermatophagoides pteronyssinus or farinae (members of the genus Dermatophagoides with extensive cross-reactivity between species)
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Other inhalant allergen sources including pollen from various weeds, mold spores,
and allergens from furry animals are commonly tested separately from species to species (Table 1).
DIAGNOSTIC HURDLES AS A RESULT OF MULTISENSITIZATION TO UNRELATED POLLEN
SPECIES
Sensitization to Pollen Pan-allergens

A minority of pollen-allergic individuals produce positive sensitization tests (ie, SPT,
IgE serology) to numerous or occasionally many pollen plants, independent of their
taxonomic relationship. Approximately 15% to 30% of pollen-allergic individuals
exhibit sensitization to highly conserved and extensively cross-reactive pan-allergens.
Members of the pan-allergen families include profilins (ubiquitous proteins in all pollens and numerous plant foods) and polcalcins (Ca21-binding proteins in all pollens).
Diagnostic Approach in the Case of Pollen Pan-allergen Sensitization

Suspected sensitizations to pollen pan-allergens can be effectively confirmed by
measuring specific IgE antibody to 1 of the members of the profilin family (ie, Phl p
12 or Bet v 2) and of the polcalcin family (ie, Phl p 7 or Bet v 4). Alternatively, sensitization can be excluded in the case of a negative IgE antibody result to these allergens.
If a positive result occurs to 1 of the pollen pan-allergens, an allergen-specific diagnosis cannot be established any further using pollen extracts. The analytical specificity
is lost because it is impossible to differentiate between tree, grass, or weed pollen sensitizations in the case of detectable IgE anti-pollen pan-allergen positivity. Considering
this diagnostic dilemma, sensitizations to unrelated pollen species can only be differentiated by detecting IgE antibody to the corresponding immunodominant major
allergen that is unique for each of the important allergen sources (Fig. 3): Examples
of unique allergen specificities that permit differentiation in the case of pan-allergen
cross-reactivity include
a. Bet v 1 (representative for hazel, alder, birch, oak, beech, chestnut and hornbeam)
b. Ole e 1 (representative for Oleaceae, ie, olive tree, ash tree, privet, elder)
d. Cup a 1 (cypress)
Table 1
Modified standard skin prick test for aeroallergens (European standard adapted for northern
and middle European countries)
Pollen Species

Other Aeroallergens

Birch, hazel, alder, oak, beech

Alternaria, Cladosporium

Ash (olive tree)

Aspergillus, Penicillium

Cypress (cedar)

Cat

Plantane

Dog

Grass(es)

Horse

Mugwort

D. pteronyssinus

Ambrosia, Parietaria

D. farinae

Goose foot, nettle, plane

Cockroach

Dominant allergen sources for SPT (bold type) with potential indication for AIT (italic type). Because of
cross-reactivity of some major allergens, selected allergen sources (bold type) are sufficient to demonstrate IgE sensitizations. Exceptions: some weeds beyond mugwort, Ambrosia, and Parietaria.
Adapted from Heinzerling L, Mari A, Bergmann KC, et al. The skin prick test – European standards. Clin Transl Allergy 2013;3:3.
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Fig. 3. Propeller model for molecular diagnostics with pollen allergens. Highly cross-reactive
pollen pan-allergens (profilins, polcalcins, center of the propeller) and specific indicators of family or species-specific sensitizations (blades). In the case of IgE sensitization to pollen panallergens the analytical specificity of extracts is not sufficient to differentiate tree from grass
or weed pollen sensitizations. Thus, major pollen allergens (blades) for allergen-specific IgE determinations are suitable to demonstrate sensitizations to important pollen sources.

e.
f.
g.
h.

Phl p 1 and Phl p 5 (representative for all grasses from Poaceae)
Art v 1 (major allergen of mugwort pollen)
Amb a 1 (major allergen of ragweed pollen)
Par j 2 (pellitory)

Among 651 Italian children with moderate-to-severe pollen-related allergic rhinitis, no
IgE antibodies to major allergens were detected in a significant proportion of patients who
presented with a clinical history consistent with a specific seasonal allergen, for example,
mugwort (45 of 65, 69%), Betulaceae (146 of 252, 60%), pellitory (78 of 257, 30%), olive
(111 of 390, 28%), cypress (28 of 184, 15%), and grass (56 of 568, 10%).
IgE to profilins or polcalcins, or both could identify 173 (37%) of 464 of these SPT
reactions. After component-resolved diagnosis (CRD), the SPT-based decision on
specific immunotherapy prescription or composition was changed in 277 (42%) of
651 or 315 (48%) of 651 children according to the European or American approach,
respectively, and in 305 (47%) of 651 children according to the opinion of 14 local pediatric allergists.4 This study therefore shows that, in a complex area, the effect of CRD
on the composition of prescriptions used in AIT is high. Similar conclusions were
reached in a study that investigated sensitization patterns to major grass and olive pollen allergens in 1263 Spanish patients with seasonal allergic rhinitis, and positive SPTs
to grass and olive pollens. Based on a traditional diagnostic approach, 922 (73%) patients would have received an AIT prescription with both grass and olive pollens; however, the investigators changed the composition of AIT based on additional CRD IgE
antibody data in 56.8% of the patients.5
The Evolution of the Immunoglobulin E Response to Grass Pollen and its Impact on
Allergen-Specific Immunotherapy

The IgE response to grass pollen (eg, Phleum pratense) usually evolves from a simple,
monomolecular stage to an oligomolecular stage and eventually to a polymolecular
sensitization stage.20 This phenomenon has been defined as “molecular spreading,”
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which is “the sequential development of an antibody (IgE) response to distinct noncross-reacting molecules from the same antigenic (allergenic) source, starting with
an ‘initiator’ (allergenic) molecule” (Fig. 4).21 Phl p 1 is the probable initiator molecule
in most patients,20 and the immune response progressively evolves to Phl p 4 or Phl p
5, then Phl p 2 and Phl p 11, and, finally, Phl p 12 or Phl p 7. The practical consequence
of this phenomenon is that the longer the duration of disease, the broader the repertoire of IgE specificities against the different molecules within a single pollen. The
sequence of IgE responses described in a German birth cohort (a multicenter allergy
study), and the molecular spreading phenomenon in general, has been recently
confirmed in a second birth cohort study.22
The observation that the IgE repertoire is expanding progressively before and during
the expression of seasonal allergic rhinitis symptoms has also led to the consideration
that AIT should be started earlier in a patient’s clinical care, possibly even immediately

Fig. 4. Molecular spreading of the IgE response to Timothy grass. Potential implications for
allergen-specific immunologic intervention in a child with seasonal allergic rhinitis to grass
pollen (SARg) (a case from the multicenter allergy study birth cohort). This child started
experiencing hay fever symptoms at the age of 6 years. The IgE response against Phleum
pratense started 3 years previously with a weak, monomolecular sensitization to Phl p 1.
This IgE response became stronger and also directed to Phl p 2 and Phl p 4 at disease onset.
After disease onset, the IgE response became progressively stronger and directed to Phl p 5,
Phl p 6, and Phl p 11. In clinical practice, allergen-specific immunotherapy (AIT) would be
“normally” prescribed at this advanced stage, after some years of symptoms (age 10 years).
An interesting hypothesis is that AIT would be more efficient if started much earlier, ideally
at disease onset (age 6 years) (early AIT). Moreover, the question of whether an immune
intervention at the earliest, preclinical stages (age 3 years) of disease could more effectively
change the natural history of the sensitization and prevent or delay disease onset (allergenspecific immunoprophylaxis, SIP) could be investigated. The use of recombinant allergens
would be easier at this stage as less molecules would be used (component-resolved
immune-prophylaxis, CRP).
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after the first season in which the allergic respiratory symptoms are observed (“early
AIT”).21 The molecular spreading process follows different pathways in different children. Some patients remain sensitized only to the initiator molecule, whereas others
become sensitized to most or all allergenic molecules. Consequently, a population
of patients allergic to grass pollen apparently homogeneous if examined with an
allergen extract, can be remarkably heterogeneous when examined with allergenic
molecules (Fig. 5).23
Clinical Consequences of Pollen Pan-allergen Sensitizations

Approximately 15% to 30% of pollen-allergic individuals are sensitized to profilin and
approximately 5% are sensitized to polcalcins. It is thus rare (approximately <2%) that
sensitization occurs to both pan-allergens in the same individual. Sensitization to profilin and polcalcin typically occurs in regions with high grass pollen exposure, and this
leads to the induction of a broad IgE antibody repertoire specific for grass pollen allergens with their numerous cross-reactive major and minor allergens.20,23 In addition,
profilin sensitized allergic individuals can develop oropharyngeal and, rarely, systemic
symptoms after the ingestion of melon, Rosacea fruits, citrus fruits, avocado, banana,
cucumber, or other plant foods.24
The question of whether sensitization to these minor profilin and/or polcalcin allergens should preclude subsequent AIT has never been addressed prospectively.
Retrospectively, less successful courses of AIT have been associated with panallergen sensitization to profilin and/or polcalcin.25 In the case of pollen pan-allergen
sensitization, major allergen-specific diagnosis should be established before AIT is
initiated (see Fig. 4). Monosensitization to these pollen pan-allergens is considered
to be uncommon and is presumed to be less suitable for AIT, because the content
of profilin and polcalcin in pollen extracts used for AIT and their subsequent therapeutic effect following AIT is far from clear.
INTERPRETATION OF SENSITIZATION TESTS

The detection of allergen-specific IgE in the skin with SPT using commercially available inhalant allergen extracts26,27 and serum using state-of-the-art singleplex autoanalyzers28,29 are both considered equivalently sensitive diagnostic methods to
detect IgE sensitization to aeroallergens.
A negative IgE antibody result can largely exclude IgE sensitization. When the total
IgE level is high enough, and the allergens are intact and in sufficient abundance, the
analytical sensitivity is optimized (low threshold level of 0.1 kUA/L).
A positive result is only clinically relevant and supportive of a decision for subsequent treatment when the individual manifests corresponding allergy symptoms.
Therefore, interpretation of the sensitization test results requires plausible historical information from the patient. In the case of a vague clinical history or an underlying
allergen source that is in question, or when an allergen exposure cannot be confirmed,
subsequent interpretation of a positive sensitization test remains inconclusive.
CHALLENGE TESTS IN THE CASE OF UNRESOLVED CLINICAL RELEVANCE

Particularly in Europe, allergen application to mucosal surfaces (nasal, conjunctival) is
considered to be a tool30 that provides more objective evidence for the clinical relevance of questionable IgE sensitization (examples given in Table 2). Nasal and ocular
challenges are less commonly used in general practice in the United States. In the
event of a negative challenge test result, the evaluated allergen source should not
be included in the AIT treatment extract. A clearly positive challenge result verifies
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Fig. 5. Highly variable IgE repertoires to single grass pollen allergens. Profiles of IgE sensitization to 8 Phleum pratense molecules in 176 sensitized children with allergen-specific
IgE to Phleum pratense and complete dataset. The Allergen Profile Codification System
(APCS) code and the absolute and cumulative frequency are shown. (From Tripodi S, Frediani
T, Lucarelli S, et al. Molecular profiles of IgE to Phleum pratense in children with grass pollen
allergy: implications for specific immunotherapy. J Allergy Clin Immunol 2012;129:837.e8;
with permission.)
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Table 2
Allergen sources for challenge testing
Aeroallergen Sources (Examples)

Rational to Apply Challenge Tests

Birch pollen

Diagnosis not clear, ie, positive case history and
negative sensitization test (rare)

Ash pollen

Checking for present clinical relevance (symptoms
on exposure?)

Grass pollen

Diagnosis not clear, ie, positive case history and
negative sensitization test (rare)

Mugwort pollen

Checking for present clinical relevance

Other weeds: plane, goose foot, nettle

Checking for present clinical relevance

Alternaria

Checking for present clinical relevance (frequently
positive in the case of positive sensitization)

House dust mites (D. pteronyssinus or
D. farinae)

Checking for present clinical relevance

Animal dander (cat, dog)

Demonstration of present clinical relevance

Challenge tests (nasal and conjunctival provocation) indicate clinical relevance by demonstrating
mucosal reactivity.30 Generally, challenges are only useful and applied in the routine setting if potential consequences (ie, decision on extract composition for AIT) can be drawn from the results
(positive or negative).

an allergic reaction with mucosal exposure and supports the clinical relevance of the
tested inhalant allergen, providing the clinical history indicates that the patient has
symptoms with natural exposure to the allergen.
Physicians may be hesitant to perform nasal or ocular allergen challenges because
of the requirement for extra instrument-based tools (ie, nasal challenge with rhinomanometry), the subjective nature of its interpretation (ie, conjunctival challenge), or lack of
appropriate training in the technique. However, from a practical point of view, a simple
score-based “clinical mucosal challenge” based entirely on symptoms may provide
valuable information if the extract being used has a known potency. Therefore,
some European state allergy organizations are promoting these diagnostic tools to
identify the suitable allergen sources for subsequent AIT. However, proper reimbursement or validated challenge procedures are lacking.
SUMMARY

Allergists and other specialists in Europe and the United States have well-suited test instruments for proper allergy diagnosis. In the moderate climate of the northern hemisphere, a carefully obtained allergy clinical history is generally sufficient to identify the
underlying, dominant outdoor grass, tree, and weed allergen sources if there are clearly
separated periods of seasonal airborne allergen exposures. Considering subtropical or
tropical areas, the clinical history becomes less informative because of potentially overlapping pollen and/or mold spore exposures. Available sensitization tests (skin tests,
in vitro allergen-specific IgE assays, and, in a few cases, BATs) allow a more comprehensive diagnostic work-up to identify or rule out the most important allergen sources that
elicit a given individual’s allergy symptoms. Additional serology testing with individual
major allergenic molecules facilitates an allergen-specific diagnosis, especially in the
case of questionably multisensitized individuals, even with an underlying pan-allergen
(profilin and/or polcalcin) sensitization. For proper interpretation of sensitization tests,
plausible clinical data from previous anamnesis and/or symptom diaries of the patients
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are absolutely essential. AIT with principal or dominant allergens is only useful when there
are corresponding airway symptoms and clearly demonstrated clinical relevance of
allergen exposure leading to an individual’s allergic disease symptoms.
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