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Abstract

Asthma is a severe and chronic disabling disease affecting more than 300 million people
worldwide. Although in the past few drugs for the treatment of asthma were available, new
treatment options are currently emerging, which appear to be highly effective in certain subgroups
of patients. Accordingly, there is a need for biomarkers that allow selection of patients for refined
and personalized treatment strategies. Recently, serological chip tests based on microarrayed
allergen molecules and peptides derived from the most common rhinovirus strains have been
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developed, which may discriminate 2 of the most common forms of asthma, that is, allergen-
and virus-triggered asthma. In this perspective, we argue that classification of patients with
asthma according to these common trigger factors may open new possibilities for personalized
management of asthma.

Keywords
Asthma; allergy; wheeze; rhinovirus; allergen; microarray

Asthma is a health problem of increasing importance, affecting more than 300 million
people worldwide.! It is estimated that asthma contributes to approximately 0.4 million
deaths every year and the mortality might be even increased in high-risk patients.23 The
number of disability-adjusted life-years due to asthma is approximately 23 million per year,
and asthma thus accounts for approximately 1% of all disability-adjusted life-years lost.1 A
considerable proportion of the asthma burden is attributed to acute exacerbations, which are
associated with high morbidity and can lead to death. Acute exacerbations of asthma are

an enormous problem to both adults and children, and account for approximately 50% of
asthma health care costs.* The rising prevalence of asthma and its accompanying health care
costs are therefore major health and socioeconomic concerns.®

Patients suffering from asthma are often treated according to management strategies
suggested by the Global Initiative for Asthma (GINA), which are regularly revised.!

GINA defines asthma as “a heterogeneous disease usually characterized by chronic airway
inflammation with a history of respiratory symptoms such as wheeze, shortness of breath,
chest tightness and cough that vary over time and in intensity, together with variable
expiratory airflow limitations.” GINA is useful because it advocates management of asthma
and respiratory disease according to published “good quality” evidence; however, suggested
treatment options are limited to few drugs with little recommendations regarding the use of
new biologics and other treatment options such as allergen-specific immunotherapy.®’

Furthermore, GINA does not discriminate asthma according to the underlying trigger
factors, which most certainly contribute to the phenotypic heterogeneity of asthma. Allergen
exposure is a major asthma trigger factor for patients suffering from IgE-associated
allergy.8:9 Likewise, viral respiratory infections, particularly those caused by rhinoviruses
(RVs), represent frequent triggers for acute asthma exacerbations in allergic as well as in
nonallergic subjects.10-12

Recently, new biomarkers have been developed for the diagnosis of specific IgE
sensitization toward a large variety of individual allergen molecules and for the detection
of RV strain—specific 1gG antibody responses.

Chips Containing Microarrayed Allergen Molecules or Peptides Derived
From a Comprehensive Panel of RV Strains for Serology

Within 2 European Union—funded research projects, that is, MeDALL (https://
cordis.europa.eu/project/rcn/96850/factsheet/en) and PreDicta (https://cordis.europa.eu/
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project/rcn/96868/factsheet/en), 2 multiplex assays have been developed on the basis of
chips containing more than 170 different allergen molecules from various allergen sources!3
and microarrayed peptides from the VP1 coat proteins of the most common RV strains.14
The MeDALL allergen chip measures IgE antibodies specific for a comprehensive panel of
allergen molecules comprising a spectrum of the most common allergen sources, including
all important respiratory allergen molecules such as the major house-dust mite allergens,
animal-derived allergens, pollen allergens, and mould allergens. The allergen chip was
shown to be more sensitive than current forms of skin prick testing and allergen extract—
based IgE serology to identify subjects with specific IgE sensitizations1315 and most
importantly, allowed precise identification of IgE sensitization to culprit allergen molecules
for each individual patient. IgE testing with the allergen chip thus discriminates subjects
with and without IgE sensitization. The analysis of IgE sensitizations against more than 170
allergen molecules can be performed with extremely low volumes of serum (ie, ~35 pL),
which is particularly useful for an early detection of IgE sensitization in small children when
limited amounts of blood is available (Fig 1, left part).13

A further recent development is a chip containing peptides from the VP1 capsid proteins

of panels of RV-A, RV-B, and RV-C strains, which can be used to measure strain-specific
antibody responses in serum samples.1* Cumulative levels of RV strain—specific antibody
levels were associated with the severity of asthma-related symptoms in preschool children
as recently demonstrated.18 Furthermore, preschool children attending an emergency unit
with acute exacerbations of wheeze showed strain-specific increases in virus-specific 1gG
antibodies in their follow-up serum samples obtained approximately 11 weeks later (Fig 1,
right), suggesting that this increase is indicative of a wheeze attack triggered by a respiratory
infection with certain RV strains. This assumption is corroborated by the observation that
experimental infection with RV induced strain-specific increases in 1gG antibody levels

that were associated with the severity of RV-induced asthma in the tested subjects.1” Thus,
the chip containing microarrayed peptides from the most common RV strains seems to
discriminate between infections caused by RV strains from the 3 groups A, B, and C, and
species-specific levels of antibodies and their increases in the course of infection were
shown to be associated with the severity of respiratory symptoms.1416 Using this RV chip
we were previously able to identify species-specific antibody responses to RV-C—derived
peptides, a species that has been difficult to propagate.18 For the latter reason, we also know
less about pathogenic differences between RV-A and RV-C strains in the etiology of asthma
exacerbations because no infection models for RV-C are available.

The Possible Clinical Utility of Multiplex Serum-Based Assays for

Discrimination of Asthma Triggered by Allergens or Viral Infections

We would argue that the new, multiplex serum assays allow determination whether IgE
reactivity against important respiratory allergen molecules (Fig 1, left) or respiratory viral
infections as evidenced by increases in virus-specific 1gG (Fig 1, right) are trigger factors
for an individual’s asthma exacerbation. Data obtained in longitudinal birth cohorts and

in studies of preschool children suffering from exacerbations of wheeze indicate that
respiratory viral infections may be important trigger factors before relevant IgE sensitization
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to aeroallergens has occurred.1920 However, it has been found that early multiple allergic
sensitization in the first years of life is an important predictor of asthma.21-23 Thus, the
importance of respiratory virus infections and allergen exposure for triggering asthma seems
to vary by age. Furthermore, each of the 2 forms of asthma (ie, viral- and allergen-triggered
asthma) may occur independently or in combination in the same individual.

It is, therefore, of great importance to identify early on high-risk children who are likely
to develop persistent asthma later on in life.2 It is estimated that approximately one-third
of infants and toddlers who wheeze in the first 3 years of life continue to wheeze after the
age of 3 years.2® Although most children with viral-induced wheeze lose their respiratory
symptoms in their early school age, have normal spirometry, and are more commonly
nonatopic, they are usually less responsive to steroid treatment.21:26 In contrast, children
who become sensitized to common aeroallergens are more likely to retain their symptoms
and have reduced lung function at school age.2>

Although there is little doubt that exposure to both allergens and viral infections can

induce asthma exacerbations, there is very little information regarding their interaction.

It has proven to be very difficult to document personal allergen exposure leading to an
exacerbation of asthma and perhaps this is the reason why very few reports document

the interaction between naturally acquired viral infections and allergen exposure in asthma
exacerbations. Green et al?” provided evidence for synergy between viral infections and
allergen exposure. In their case-controlled study, the risk of being admitted to hospital was
considerably increased by exposure to high levels of allergen and concurrent viral infection.
Another study reported that high titers of IgE antibodies to dust mite allergen were common
and significantly increased the risk for acute wheezing provoked by RV among children with
asthma.28 However, regardless of the sequence of exposure to allergen and viral infection,
both stimuli have been shown to affect the subsequent response to the other.29

In fact, allergic asthma is a classical type 2 (T2)-associated disease, whereas studies of the
natural antibody response to RV indicate that RV infections are dominated by IgG4 and IgA
antibody responses and therefore are rather reminiscent of a type 1 type of immunity.30 It

is thus quite tempting to speculate that T2 asthma that is characterized by eosinophilia may
be rather due to T2-dependent allergen-specific IgE sensitization, whereas asthma triggered
only by certain respiratory virus infections (ie, without concomitant allergic sensitization)
such as RV may belong to the T2-low or non-T2 asthma.3! In addition, other trigger factors
such as pollution, exercise, stress, and obesity may be important in the different phenotypes
of asthma.

The availability of molecular multiallergen tests and chips containing peptides and antigens
from important respiratory viruses provides the possibility to assess recent or past
acquisition of respiratory viral infection and IgE sensitization to important respiratory
allergens as trigger factors for asthma and to investigate how they are related to T2,

T2-low, and non-T2 asthma.3! These additional biomarkers may eventually allow us to
develop a more refined asthma classification. Certainly, these biomarkers will inform
whether the allergic sensitization, respiratory viral infection, or both play an important role
in triggering asthma (Fig 2). First data indeed suggest that chip-based serological testing
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for RV infections may be more sensitive and specific than recording of upper respiratory
tract symptoms and nucleic acid-based testing for RV infections often used in hospitalized
patients to assume that asthma is triggered by RV infections.14

Based on such information, different forms of individualized treatment can be considered

in addition to GINA-based therapy (Fig 2). For example, the identification of certain
allergens as trigger factors may provide a rationale for allergen avoidance measures32 and
molecular approaches for allergen-specific immunotherapy.33 Likewise, patients with asthma
with IgE sensitization to important respiratory allergens may be particularly responsive to
IgE-targeting treatment strategies such as anti-IgE or selective IgE immunoadsorption.34
Furthermore, new biological treatments such as anti-T2 cytokine-based treatments may be
very effective in patients suffering from severe asthma.26:31

However, one may consider measures to prevent viral infections such as wearing masks,
hand disinfection, avoiding close contacts, and better ventilation of indoor environments

to preclude virus-triggered asthma.32:36 Vaccination against respiratory viruses responsible
for virus-triggered asthma, although currently not an option, may be another option in the
future. Furthermore, in the case that asthma triggered by respiratory virus infections indeed
resembles a non-T2 phenotype, the use of corticosteroids may be less effective and/or not
recommended. In this context, it is of note that some of the new corticosteroids do not seem
to protect against barrier damage caused by RV infections.3”

For patients suffering from mixed forms with evidence for allergens and virus infections
as asthma triggers, one may try to separate out “hyperresponders” to allergens or virus
infections. It is possible that atopic children with moderate to severe asthma triggered by
RV infections may turn out to be better candidates for a vaccine targeting RV. Although
these children are currently for treatment with biologic medications (eg, omalizumab and
dupilumab), these medications are at present costly, there are some poor responders, and,
once started, clinicians face the challenge of deciding when to stop these treatments, which
may become easier if vaccines become available.

It is possible that new serological multiplex tests may improve clinical outcome by
determination of allergen- and virus-triggered asthma, enabling classification of patients
with asthma according to underlying trigger factors, which may help them to benefit
from personalized forms of treatment while taking into account established GINA-based
treatment.

Clinical trials to test whether personalization of asthma treatment based on serological
identification of possible trigger factors can improve current asthma management guidelines
are warranted.
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Chips containing a panel of microarrayed allergen molecules covering the most common
allergen sources allow to measure IgE sensitization against each of the individual allergen
molecules and thus of the culprit sensitizing allergens (/ef?). Chips containing microarrayed
peptides derived from the VVP1 coat proteins of representative panels of RV-A, RV-B, and
RV-C strains are useful for measuring RV-strain—specific 1gG levels, cumulative strain—
specific 1gG levels, and increases in strain-specific 1gG levels that occur some weeks after
acute exacerbations of virus-triggered wheeze (right).
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Fig 2.

ng the identification of allergens and respiratory virus infections as triggers factors

of asthma and wheeze could lead to personalization of asthma treatment by adding
treatment options to guideline-based therapy. A/7, Allergen immunotherapy; /CS, inhaled
corticosteroid.
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