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Introduction
Aeroallergens are any airborne substance capable of binding immunoglobulin E (IgE) that can trigger an allergic
reaction.1 Aeroallergens are respirable/inhalable particles to which some people become sensitized upon exposure
that cause respiratory allergies, which can be manifested as allergic rhinitis, allergic conjunctivitis, or atopic asthma.
The detection of causative aeroallergens is essential for accurate diagnosis and proper management. Avoidance
of aeroallergens is one strategy, but it is important to identify the specific aeroallergens to avoid at the beginning
of treatment. Identification of aeroallergens provides some clues about the expected disease severity of a
patient receiving pharmacological therapy. As the only disease-modifying therapy at present, allergen-specific
immunotherapy (SIT) requires the identification of allergens for targeting before the start of therapy.
SIT is approved for the treatment of respiratory allergic disorders and is based mainly on empirically proven
traditional treatments. A deeper understanding of the mechanisms responsible for allergic disorders may help to
identify the direct link between an individual immune measurement (biomarker) and the clinical manifestation. The
recent EAACI Position Paper lists biomarkers for monitoring the clinical efficacy of SIT,2 and forms the basis of this
brief review.

In clinical practice, allergic sensitization is detected by in vivo (provocation test and skin test) and in vitro (serum
specific IgE) methods. Some environmental particles from plant pollen, fungi, mites, mammals, insects, and food
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are known as aeroallergens. Hundreds of allergens in each category have been identified as causes of respiratory
allergies and have been catalogued in a database (www.allergome.org). Of the myriad aeroallergens identified, the
essential question is which allergens should be tested in clinical practice, and the answer to this question requires
consideration of many factors.
Aeroallergen density
The density of aeroallergens to which patients are exposed in their living and working environment should be
considered. The individual pollen count is the main starting consideration. Sensitization to aeroallergens depends
mainly on the aeroallergen density powered by exposure duration. As an example, Japanese cedar (JC) pollinosis is
a national affliction in Japan during the flowering season of early spiring.3 By contrast, JC pollinosis is not common
among Koreans because JC pollen is not found in Korea except for Jeju Island, as shown in the pollen calendar.4
Sensitization rate
Not all particles in air are aeroallergens. Aeroallergens are defined by their sensitization characteristics in terms
of the specific IgE response elicited in humans. Sensitization may differ according to ethnicity and can vary
geographically within a specific ethnic group.5,6 Each person’s microenvironment may also have implications for
sensitization.7 The sensitization rates in a community or in a diseased group should be considered so that commonly
sensitized aeroallergens are included in diagnostic testing.
Disease-related aeroallergens
Sensitization to aeroallergens is common, but sensitization does not necessarily translate to a clinically relevant
respiratory allergy. In sensitized people, the clinical relevance can be shown by either strong circumstantial evidence
of the response to allergen exposure or direct aeroallergen challenge.8 Clinically relevant sensitization rates for some
aeroallergens can differ markedly between regions.9
Cost-effectiveness
A diagnostic test that includes more aeroallergens is more likely to provide an accurate diagnosis of respiratory
allergies. Polysensitization is defined as the allergic sensitization to two or more allergens, which is highly prevalent
in people with respiratory allergies.10 However, not all allergens associated with polysensitization are clinically
relevant allergens.
The minimum screening panel for the diagnosis of allergic rhinitis has been investigated in China. Eight allergens
(Der f, Der p, mugwort, Blatella spp., hazel, goosefoot, Penicillium notatum , and animal dander) are sufficient for
identifying patients with allergic rhinitis in central China.11 A panel of 10 commonly sensitized aeroallergens has
been suggested in Korea. Except for Chungnam and Jeju, the 10 aeroallergens account for the causes of allergy in
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more than 90% of sensitized Koreans.5
Availability
Many standardized aeroallergens are commercially available from several companies, although the content of
aeroallergens may differ between manufacturers. The allergenicity of standardized aeroallergens may also differ
according to where the allergens originated and whether by-products such as endotoxins have been efficiently
removed.12

2. Biomarkers of the response to allergen immunotherapy
Biomarkers can be used in the quantitative measurement of the response to allergens and for the diagnosis and
assessment of the stage of allergy, prediction of clinical outcomes, and monitoring of treatment.13 SIT is effective
in reducing the severity of symptoms and skin responses, need for rescue medicine, and provocative allergen
threshold.14 In addition to these therapeutic effects, the disease-modulating effects and long-term benefits after
cessation of SIT are beneficial in the management of respiratory allergies. Biomarkers are needed to identify those
likely to benefit from SIT and when to start and stop SIT, to predict relapses, and to determine when to boost SIT.2
In spite of no validated candidate predictive of the treatment response, biomarkers to assess the objective treatment
effect are evidenced.
The EAACI Position Paper on biomarkers for monitoring the clinical efficacy of SIT classifies biomarkers into
seven categories: IgE, IgG subclasses, serum inhibitory activity for IgE, basophil activation, cytokines/chemokines,
cellular biomarkers, and in vivo biomarkers. Some of these are used in clinical practice and are promising in the
near future. Serial changes in these biomarkers are usually measured before, during, and after SIT.
IgE
Elevated specific IgE (sIgE) concentration in the serum and clinically relevant symptoms are the only criteria
and the gold standard for deciding whether to start SIT. An increased sIgE concentration during SIT reflects
adequate immunogenicity and/or allergen exposure. An elevated sIgE to total IgE ratio is a potential method for
distinguishing between responders and nonresponders.
IgG subtypes
Low sIgG4 is a potential negative predictive marker. Failure of sIgG4 induction indicates poor compliance.

IgE blocking factors (IgE-BF) are mainly in the form of IgA and IgG in the serum and show inhibitory effects by
blocking allergen binding to IgE. Because of their limited availability, IgE-BF are not candidate biomarkers. The
IgE-facilitated allergen binding (IgE-FAB) assay using flow cytometry is an in vitro model of allergen presentation
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through CD23 on B cells. IgE-FAB activity differs between SIT responders and nonresponders.
Basophil activation
Basophil activation in response to sensitized allergen reflects the FcγRI-mediated response in the body. However,
handling viable basophils is technically challenging, and standardization of the assay is necessary before it can be
used in clinical applications.
Cytokines and chemokines
Cytokines and chemokines are locally produced, and their concentrations become diluted once in the circulatory
system. These are useful only for identifying organ-specific local responses at the site of inflammation.
Cellular markers
Regulatory T cells (Treg) are involved in the Th2 to Th1 response and the change in allergen-specific B cells
toward the direction of regulatory B cells. However, no specific marker of Treg is available. Instead, measuring
dendritic cells (DCs) in the blood or tissues may be more promising.

In vivo biomarkers
The provocation test with allergens applied to the affected organ can be used to quantify the changes in the
response from before to during and after SIT. It has been used as a biomarker of SIT with plenty of dose-response
and time-course data. Skin testing, nasal or conjunctival challenge, and environmental exposure chambers (EEC)
are used. EEC are useful for controlling environmental factors such as temperature, humidity, and the symptomatic
variability of respiratory allergies. With standardization and clinical validation, comparison study is necessary
between provocation and natural symptoms.

Conclusions
To select optimal allergens for diagnostic testing is the mainstay for accurate diagnosis and proper management.
High-density aeroallergens as frequent sensitizers with clinical relevance should be considered in the practice.
Biomarkers in SIT provide quantitative measurement of the response, which facilitates clinical decisions.
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