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Asthma is a global disease affecting almost 400 million people.
Simultaneously, the overall burden of allergies is increasing.
Although allergies are frequent and commonly recognized
triggers of asthma severity and exacerbations, the majority of
patients with asthma are not investigated for their underlying
aeroallergen sensitizations, despite the potentially preventable
consequences and therapeutic options. This review summarizes
the current state of aeroallergen sensitization testing for people
with asthma. We describe who should be tested and why, how
testing can be used to optimize asthma management, list barriers
to implementation of effective asthma management strategies,
and make recommendations for improving asthma/allergy
management by aeroallergen testing. Establishing a diagnosis of
asthma and determining whether there is an allergic component
is fundamental to an effective treatment plan. Moreover, moving
from severity-based to phenotype-based asthma care can
improve the care of asthma and allergic diseases. Timely
diagnosis of aeroallergen sensitizations forms the basis for
individualized treatment plans, which may include allergen
remediation strategies when appropriate, and allergen
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immunotherapy, the only immunomodulating therapy for
allergic asthma. Finally, the advent of biologics will expand the
number of patients who can benefit from treatment, with
decreased symptoms and disease remission a possibility for the
first time. © 2020 The Authors. Published by Elsevier Inc. on
behalf of the American Academy of Allergy, Asthma &
Immunology. This is an open access article under the CC BY-
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/). (J Allergy Clin Immunol Pract 2020;8:2526-32)

Key words: Allergy, Asthma;
Component resolved diagnostics

Sensitization; Specific IgE;

Asthma is a global disease affecting almost 400 million people
(Table 1)."? Simultaneously, the prevalence of allergic diseases
has continued to rise in the industrialized world for more than 50
years.” Although allergies are frequent and commonly recognized
triggers of asthma exacerbations, the majority of patients with
asthma are not investigated for their underlying allergic triggers™
despite the potentially preventable consequences. Given this
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Abbreviations used
AIT- Allergen immunotherapy
AR- Allergic rhinitis
EAACI- European Academy of Allergy and Clinical Immunology
GINA- Global Initiative for Asthma
HDM- House dust mite
ICS- Inhaled corticosteroid
mAPI- Modified Asthma Predictive Index
sIgE- Specific IgE
NICE- National Institute for Health and Care Excellence
PARSE- Perennial allergic rhinitis with seasonal exacerbations
SPT- Skin prick testing

reality, a group of asthma and allergy specialists were convened
by Thermo Fisher (a manufacturer of medical equipment to
measure IgE) to explore the clinical challenges and unmet needs
in diagnosing and managing asthma. Asthma guidelines or
algorithms generally recommend specific IgE (sIgE) or skin prick
testing (SPT) for aeroallergen sensitization in subpopulations of
patients with asthma. The recommendations for testing sug-
gested 4 main objectives for discussion by the specialists: (1) to
determine  current  recommendations  for  aeroallergen
sensitization testing for patients with asthma; (2) to define which
patients with asthma would be candidates for allergy testing, and
what added value test results would provide in improving asthma
care; (3) to identify the challenges preventing allergy diagnostics
and the missed opportunities for allergic trigger control, and to
recommend practical strategies for overcoming them; and (4) to
offer guidance on integrating allergy evaluation into asthma
management.

WHAT IS THE CURRENT PRACTICE IN TESTING
FOR AEROALLERGENS?
Asthma guidelines recommendations

Although testing criteria may differ among guidelines, they
often describe at-risk patients as having a complicated
diagnosis,” chronic or recurring symptoms,® difficult-to-control
or treat asthma,” or those being considered for allergen immu-
notherapy (AIT), anti-IgE, or other biologic therapy.”'’ None
of the guidelines address the value of testing wheezing children
for prediction of developing persistent asthma, response to
therapies, or phenotype-directed care. One hindrance to
guideline-recommended testing is that most patients with
asthma present in primary care settings,” where busy clinicians
may not be aware of the guidelines, lack knowledge about or do
not believe in the relevance of evaluating aeroallergen sensiti-
zation in asthmatic patients, and may need help to interpret
results. Adherence to guideline recommendations was studied
among 1176 patients with persistent asthma aged 5 to 65 years
seen in family medicine or pediatric practices.” Only 32.5% had
an allergy evaluation, and only 2% had documented allergy test
results. A European primary care survey conducted by the
European Academy of Allergy and Clinical Immunology
(EAACI) and the International Primary Care Respiratory Group
found that 20.6% of practices had no access to allergy tests.'" A
shortage of allergy and asthma specialists in the vicinity of
general practices may further hinder appropriate testing and
referral. In addition, some guidelines have not kept pace with
current evidence and practices.
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TABLE I. A global perspective on asthma from the World Health
Organization'-?

e 338,000 asthma deaths were reported in 2015,] and asthma affects
almost 400 million people worldwide.” Asthma deaths will increase
in the next 10 years if urgent action is not taken.

e Asthma is the most common chronic disease among children.

e Asthma attacks can be fatal but are largely preventable.

e Asthma is often underdiagnosed and undertreated.

o Strong risk factors for developing asthma are exposure to indoor
allergens (eg, dust mites, pet dander), outdoor allergens such as
pollens, molds, and irritants such as tobacco smoke, ambient
pollutants, and chemicals in the workplace.

e Avoiding asthma triggers can reduce the severity of asthma.

e Treatment and vigilance and regular medical checks are crucial.
Patients can live rewarding, fulfilling lives with the right
treatment. Asthma is often treated using an inhaler to breathe in
medicines. People with ongoing symptoms will need to take daily
medication for the long term. It is also important for people living
with asthma to avoid triggers.

Global Initiative for Asthma. The Global Initiative for
Asthma (GINA) strategy is not a guideline per se, but rather “an
integrated evidence-based strategy focusing on translation into
clinical practice.”'” The GINA strategy emphasizes stepwise
medication therapy; however, its Implementation Toolbox notes
that “it is useful to know if somebody is allergic to specific
airborne allergens"]3 and advises, “Avoid or reduce contact with
relevant substances to which one is allergic.” Since 2017, GINA
notes that AIT is indicated for patients with mild asthma and
allergic rhinitis (AR) due to house dust mite (HDM) who have
flare-ups despite using regular controller medication. Further-
more, “most people with asthma also have rhinitis... either of
allergic origin or not. It should ideally be well treated to avoid its
influence on asthma control.” Another recent change in the
GINA strategy is to update guidance on management of asthma
in preschool children (<5 years old).'” GINA also recommends
SPT or sIgE testing for relevant allergens if not already done as
part of the assessment of comorbidities and phenotyping for
those with severe asthma.

National Institute for Health and Care Excellence
(UK). National Institute for Health and Care Excellence
(NICE) recommends using sIgE testing for aeroallergens to
identify triggers after a diagnosis of asthma has been made.'*

ERS/ATS (Severe) Asthma Guidelines. The European
Respiratory Society/American Thoracic Society guidelines on
severe asthma recommend, “in all patients, determining whether
there is an association between sIgE (as measured by skin prick
testing or serum testing), on-going exposures and symptoms may
help identify factors which contribute to asthma symptoms and
exacerbations.”'” However, it should be noted that patients with
severe asthma are not appropriate candidates for AIT due to the
risks of AIT-induced anaphylaxis. Nonetheless, identification of
allergic status can help phenotype severe asthma patients and
thereby aid in the use of appropriate biologics.

National Asthma Education and Prevention Program
(USA). These guidelines recommend evaluating the potential
role of allergens, particularly indoor inhalant allergens in patients
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with persistent asthma.” This recommendation is based on
strong evidence from randomized controlled trials with a rich
body of supportive data (Evidence Category A). Using the
modified Asthma Predictive Index (mAPI) is advised for identi-
fying children from birth to age 4 at high risk of developing
asthma. A National Institutes of Health update conditionally
recommends that in adults and children with symptoms and/or
sensitization to identified indoor allergens, including pets, a
multicomponent allergen-specific mitigation intervention be
initiated. They also conditionally recommend AIT in adults and
children with mild-to-moderate allergic asthma as an adjunct
treatment to standard pharmacotherapy when there is a clear
connection between symptoms and exposure to an allergen to
which the patient is sensitive.'®

European Academy of Allergy and Clinical
Immunology. EAACI stresses the importance of recognizing
and treating the allergic components of asthma.'” Sensitization,
defined as detectable sIgE antibodies, serves as the basis for
recommending AIT as a disease-modifying therapy for preven-
tion of the development of asthma in children with AR and
grass/birch pollen allergy. Questions remain regarding the
optimal age at which to introduce AIT for prevention, the
optimal therapy duration, the optimal product, dose and
administration, and whether AIT can prevent asthma in children
with AR due to HDM and other allergens.

Current allergy testing practices for patients with
asthma

Rates of specific allergen testing vary from country to country,
influenced by the availability of testing and specialists, and
broader health system support. As noted previously, 20.6% of
European practices had no access to allergy tests.'' The greatest
unmet need was for access to allergy and asthma specialists. In
public health services that had specialists, delays for appoint-
ments often exceeded 6 weeks. The lack of specialists limits
access to SPT, although most primary care respondents to the
survey reported having access to serum sIgE testing. Still, they
cited achieving sufficient competence at the appropriate level of
care with allergy testing as an issue.!" Indeed, even expert
opinion differs on the number and types of inhalant allergens
that should be tested. Furthermore, it is critical to perform these
tests using validated and reproducible methodology.

Some underserved populations suffer more asthma morbidity
and mortality than would be predicted by disease prevalence
alone.'® Many factors contribute to this disparity, including
genetic, environmental, access to reimbursement of care, and
social influences. Some have high numbers of aeroallergen sen-
sitizations associated with asthma severity and exacerbation.'” '
However, several studies have found that underserved pop-
ulations are also less likely to receive guideline-directed care.””*’

The utility of aeroallergen sensitization testing in
asthma phenotyping

The management approach to asthma currently includes a
phenotyping step”” for the identification of allergic and eosino-
philic and non-T2 phenotypes based on measurement of bio-
markers such as eosinophils in blood or sputum, fractional
exhaled nitric oxide, and sIgE.25 GINA currently recommends
this mainly for more severe asthma, but others have called for
much earlier phenotyping to define the specific asthma that a
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patient has”® or to guide earlier interventions including earlier
biologics use.”” Patients with an allergic phenotype respond
better to corticosteroids”® and in severe cases to omalizumab.
Allergic asthma patients might also improve with allergen
remediation and/or AIT as discussed previously. Furthermore,
recent evidence suggests that sIgE bound to dendritic cells results
in impaired antiviral effects. Blocking IgE with omalizumab
decreases susceptibility to respiratory viral illnesses through
enhanced TFN-0. responses in plasmacytoid dendritic cells.””
These data provide further support for the utility of identifying
sIgE to better provide a personalized and more effective
therapeutic regimen.

WHO WOULD BENEFIT MOST FROM TESTING FOR
AEROALLERGEN SENSITIZATION?
Children

In early childhood, sensitization to multiple inhalant allergens
and sensitization combined with perennial exposure in the home
predict asthma persistence, exacerbation, and lung dysfunction.™
Preschool children with persistent wheeze and inhalant allergies
are more likely to develop persistent asthma.”’ Transient early
wheezing and nonallergic wheezing generally subside by 3 years
of age as the airways enlarge in a growing child. But approxi-
mately 50% of children with wheezing and atopic asthma
continue to be symptomatic at age 12.

Aecroallergen sensitization testing increases the ability to
predict asthma development, drug response, and risk for future
asthma exacerbations.”’ In predictive models of childhood
asthma development, indices identifying preschool children
who are more likely to develop asthma include the mAPI
(Table 11),”* which highlights the role of allergic sensitization to
at least 1 aeroallergen.”””* In a high-risk cohort, a positive
mAPI greatly increased future asthma probability (eg, 30%
pretest probability to 90% posttest probability).”” In addition,
allergy testing may help identify common comorbid conditions
such as AR, which when treated appropriately can improve
asthma control.

Testing for aeroallergen sensitization may be particularly helpful
in confirming 2 or more coexisting sensitizations (polysensitiza-
tion). Subjects with polysensitized phenotypes have frequent
multimorbidity, with severe and persistent disease, and therefore
require more health care resources.”” In the 3-year TENOR study
of children aged 6 to 12 years, there was a direct relationship be-
tween the number of allergens to which participants were sensi-
tized and rates and severity of exacerbations, and associated
deterioration in quality of life.”® Children with a higher number of
allergic triggers had a longer duration of asthma and a higher
prevalence of atopic dermatitis and AR. A study of moderate-to-
severe, exacerbation-prone asthma found that the average
number of inhalant sensitizations for school-age children was
14 positive results of the 22 allergens tested (68%)."”

Identifying sensitizations in allergic phenotypes may also help
guide AIT for asthma prevention.”” Published longitudinal
studies suggest that children with AR are at high risk of
becoming asthmatic and AIT may prevent the development of
asthma.” Early referral has positive outcomes for the patient.””
Yet most allergic children are not receiving AIT because of
lack of awareness at the primary care level, a lack of testing for
aeroallergen sensitization, and no referral to an asthma/allergy
specialist.
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TABLE Il. The modified Asthma Predictive Index (mAPI)*?

Stringent API: 24 episodes of wheezing per year during the first 3 y of life
and

e At least 1 major criterion or
oAt least 2 minor criteria

Major criteria Minor criteria

1. Parental physician-
diagnosed asthma

1. Wheezing unrelated to
colds, reported by the
parents

2. Physician-diagnosed
atopic dermatitis

2. Peripheral eosinophilia
>4% in circulation

3. Allergic sensitization to
at least 1 aeroallergen

3. Allergic sensitizations
to milk, egg, or peanuts

Patients with severe or poorly controlled asthma

GINA and the European Respiratory Society/American
Thoracic Society guidelines on severe asthma specifically
recommend sIgE or SPT for relevant allergens if not already done
as part of the assessment of comorbidities and phenotyping for
those with severe asthma.'”'” The NICE guidelines call for
specific allergy testing for patients with difficult-to-control
asthma, and the recently published EAACI guidelines on the
management of severe asthma with biologics recommend as a
first step characterization of the patients with biomarkers
including sIgE.>

Patients with mild-to-moderate asthma

Changes in GINA for 2019 included a call for renewed
vigilance in managing patients with mild-to-moderate asthma.'”
Although exhibiting less severe symptoms, this population still
experiences severe exacerbations (0.12-0.77 per patient-year),
represents 30% to 40% of emergency consultations, and ac-
counts for 15% to 20% of asthma deaths per year.”” Symptom
control and risk reduction are long-term goals of asthma
treatment and certainly apply to this subpopulation. One
concern is that patients who feel good may discontinue their
controller medication. GINA cautions that stopping controller
medication increases the risk of serious flare-ups.'” The causes of
these exacerbations in this patient population are not all well
known but certainly include aeroallergen sensitization and sud-
den massive exposure to allergens, as evidenced by thunderstorm
asthma in Australia.”’

The European Community Respiratory Health Survey group
recently reported that atopy modifies the association between
inhaled corticosteroid (ICS) use and lung function in adults aged
20 to 44 years with asthma.”” As stated above, they also found
that biomarkers of atopy can predict a more favorable long-term
response to ICS and concluded that allergy tests could be useful
T2 phenotype biomarkers for clinical decisions regarding asthma
therapy.

HOW DOES sigE TESTING FIT INTO WORKFLOW?
The rationale for using inhalant aeroallergen
sensitization testing

sIgE testing can be a valuable tool in primary care especially
when done in consultation with a specialist, whereas allergy skin
testing might be better performed by an allergist. Compelling
reasons to incorporate specific allergy testing into asthma
management include:
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TABLE ll. Barriers to
strategies™’

implementing asthma management

Health care providers
o Insufficient knowledge of guideline recommendations
e Lack of agreement with or confidence in recommendations
e Resistance to change
e External barriers (organizational, policies, cost)
e Lack of time and resources
e Medical-legal issues
People with asthma
e Low health literacy
o Insufficient understanding of asthma and its management
e Lack of agreement with recommendations
o Cultural and economic barriers
e Peer influence

o Attitudes, beliefs, preferences, fears, and misconceptions

e Partterns of acroallergen sensitization help in defining asthma
phenotypes.

o Allergy test results can guide clinical precision medicine for
chronic airway disease in individual patients, including AIT.

o Negative allergy test results prompt a search for other causes of
symptoms.

e Known aeroallergen sensitizations stimulate recommendation
of environmental remediation advice and AIT when
appropriate.

o Testing will address common patient concerns about allergy,
predicting exacerbations and response to therapies, and
possibly increase compliance with therapy.

e Positive allergy test results can be considered as one of the
referral criteria for specialist care.

Value of negative results for

sensitizations
Negative sIgE test results are useful in developing personalized

treatment plans, not least because they spare patients the
inconvenience of attempts at avoiding allergens to which they are
not sensitized, of taking medications that are ineffective (eg,
antihistamines), and spending money unnecessarily. For
example, the pet owner with asthma who is not sensitized to
pet allergens may have fewer symptoms than pet-sensitized
patients who have more severe symptoms but no immediate
exposure. Moreover, negative test results should lead to
additional investigation of the underlying causes of symptoms
and might help better define the asthma phenotype, thereby
providing a more rational therapeutic plan.

aeroallergen

Recommendations  for asthma
treatment

A personalized asthma treatment plan is foundational to
addressing the patient’s individual conditions according to
NICE.'* As an incurable disease, asthma should be managed by
“reducing exposure to known triggers if possible, relief of
symptoms if there is airway narrowing, and reduction in airway
inflammation by regular preventive treatment.”

Except in occupational asthma, environmental allergen
avoidance for sensitized patients is difficult to achieve and often
not completely effective; however, exposure for known aero-
allergen sensitizations can sometimes be mitigated. For example,

personalized
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Persistent asthmatics

¢ Patients needing:
® Oral corticosteroids
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Who to Refer

N

Patients with poorly
controlled or severe asthma

Patients with frequent or
severe exacerbations

¢ High-dose inhaled
corticosteroids

® Preschool children with
repeated wheeze

¢ Patients seeking to:
¢ Understand better their

¢ Candidates for:
¢ Allergen immunotherapy

DIAGNOSTIC EVALUATION & TESTING
FOR PHENOTYPING

Exacerbations

Lung function decline
Fixed airway obstruction
Comorbidities

Aeroallergen testing

disease Total IgE . Patier)ts V\{it_h.persistent
e Get guidance on pets 'Eo::gophlls allergic rhinitis + asthma
e

Preschool children with
repeated wheeze

Children with reduced
physical activity

Patients needing
immunotherapy, anti-Igk or
biological treatment

* Biologicals

o

FIGURE 1. Pragmatic approach to aeroallergen testing and referral to asthma specialists. FeNO, Fractional exhaled nitric oxide.

thunderstorm grass pollen asthma can be managed by grass
pollen immunotherapy,” and GINA recommends AIT for
patients with mild asthma and AR due to HDM."? Similarly, a
patient allergic to cats may elect not to have one in the house, or
at least not to allow the animal to enter the bedroom. Strict
hygiene measures can also be taken (including washing clothes
that have been near the animal), although asthma severity can
still be affected by continuing allergen exposure over time.'”

A recent review from the Agency for Healthcare Research and
Quality that was used to inform updated National Asthma
Education and Prevention Program clinical practice guidelines
drew the following conclusions about allergen avoidance and
asthma: evidence for single interventions designed to reduce
indoor allergen exposure on asthma outcomes is lacking;
multicomponent interventions may improve some asthma
outcomes, but it is unclear if specific combinations are more
effective than others; and multicomponent interventions that
include high-efficiency particulate air-filtration vacuums or pest
control reduce exacerbations and improve quality of life.
However, the authors concluded that the evidence for both
single and multicomponent interventions does not address many
other important outcomes, including asthma-related health
care utilization, pulmonary physiology, and asthma-related

quality of life.***

HOW CAN OPTIMIZED ASTHMA/ALLERGY
MANAGEMENT BE IMPLEMENTED?

The increasing prevalence of allergy and the complexity of
managing asthma complicate plans to implement best practices
in caring for asthmatic patients in primary care.”® Table I1I lists
some of the barriers to implementing optimal asthma manage-
ment.”” Awareness about the relevance of evaluating acroallergen

sensitizations in asthmatic patients is a key step in improving
asthma/allergy care. Knowing which patients to test and which
aeroallergens to test for is also vital (Figure 1). Interpreting test
results and applying them clinically is more challenging. To that
end, asthma and allergy specialists have created helpful
algorithms®'* and provided guidance on appropriate referral
criteria.”® These recommendations and tools make asthma
management more efficient, given the time constraints in
crowded primary settings and the more intensive management
available in asthma.

CONCLUSIONS

Establishing a diagnosis of asthma and determining whether
there is an allergic component are fundamental to an effective
asthma clinical management plan. Blind reliance on escalating
doses of ICS or bronchodilators ignores the underlying patho-
physiology of asthma and the importance of aeroallergen
sensitization in inflammation and susceptibility to respiratory
viruses that underlie disease persistence, exacerbation, and poor
control. Instead, more precise and effective individualized
treatment relies on systematic investigation of a patient’s history
of exposure and symptoms, combined with physical examination
and appropriate testing (Figure 1).

Moreover, moving from severity-based to phenotype-based
asthma care can change the trajectory of asthma and allergic
discases, as demonstrated with timely diagnosis of aeroallergen
sensitizations and intervention in very young children. Most
importantly, optimal asthma/allergy management can improve
patient outcomes. AIT, the only immunomodulating therapy for
allergic asthma, requires sIgE testing. Biologics that are now
under development may expand the number of patients who can
benefit from treatment.”” In moving beyond a control-based
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treatment plan for asthma, the Lancet Commissions call for “at
least one primary prevention strategy for high-risk children and
one disease-modifying intervention for children and adults to be
identified.”*

The barriers to adopting guideline-recommended diagnosis and
management of allergic asthma are mostly logistical. Many primary
care clinicians lack knowledge of the value of sIgE testing in
determining asthma phenotype and tailoring an individualized
treatment plan. Thus, the need for generalist education is pressing,
especially as new diagnostic tools and medications become avail-
able. Aecroallergen sensitization testing by nonspecialists requires
an understanding of the clinical relevance of positive and negatives
tests, knowledge of effective environmental control measures, and
referral to a specialist when AIT is considered. Therefore, clinical
guidance and support by asthma/allergy specialists remain vital,
especially in sIgE test interpretation and providing AIT. Other
barriers, such as cost, lack of time, and medical system resources,
deserve attention in light of the improved outcomes for patients.
Testing in some places has been driven by patients, who want to
understand their condition and find relief from their allergy/
asthma symptoms.

Finally, an area of future study is to define whether molecular
component diagnostics will improve the accuracy of identifying
clinically significant allergy for asthmatics as well as better guide
therapeutic choices (ie, component-directed AIT).
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