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Educational aims

The reader will be able to:

� Describe the relationship between childhood asthma and allergies
� Discuss the available options to diagnose an inhalant allergy
� Describe a number of asthma management options in relationship to allergy testing
� Summarize the use of allergy testing in childhood asthma
a r t i c l e i n f o a b s t r a c t
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Disagreement exists between asthma guidelines on the routine use of allergy testing in the diagnostic
work-up of a child with persistent asthma, although the important role of inhalant allergy in the patho-
physiology of asthma and allergic rhinitis is undisputed. The usefulness of screening for inhalant allergies
in asthma is connected to the efficacy of allergen reduction measures and specific immunotherapy, both
of which appear to be more effective in children than in adults. Allergen-specific exposure reduction rec-
ommendations are therefore an essential part of childhood asthma management. Such recommendations
should be guided by appropriate diagnosis of inhalant allergy, based on a structured allergy history and
results of sensitization tests. Specific IgE testing and skin prick testing show comparable results in iden-
tifying clinically important sensitizations. Although a therapeutic medication trial can be started prag-
matically in children with asthma without diagnosing their inhalant allergy, we recommend making or
excluding an accurate diagnosis of inhalant allergy.

� 2020 Elsevier Ltd. All rights reserved.
INTRODUCTION

Making a diagnosis of persistent asthma in a child prompts the
physician to start treatment, following the recommendations of
national or international asthma guidelines. These guidelines are
in agreement about many facets of asthma management, such as
the prescription of daily controller and reliever therapy and the
self-management training of parents and children [1–3]. Disagree-
ment between guidelines exists, however, about the routine use of
allergy testing in the diagnostic work-up of a child with persistent
asthma. Whilst the US National Heart, Lung, and Blood Institute
asthma guideline strongly recommends such tests, the GINA and
NICE asthma guidelines provide only a short and non-committal
suggestion about allergy testing [1–3]. Because physicians’ non-
adherence to asthma guidelines in general is common, guideline
recommendations may not reflect actual daily practice. Studies
suggest that allergy tests are performed in less than half of children
with asthma in US primary care [4–6]. Apparently, not only guide-
lines but also physicians disagree on the value of allergy testing.

In this review, we discuss the role of allergy testing in the diag-
nosis and management of childhood asthma. We start by consider-
ing the strong relationship between childhood asthma and
allergies. Subsequently, we discuss the available options to diag-
nose an inhalant allergy. In the final section of this paper, we
describe a number of asthma management options in relation to
(the results of) allergy testing.
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THE RELATIONSHIP OF ASTHMA TO INHALANT ALLERGY

Childhood asthma is an atopic disease (in most children)

For many decades, childhood asthma has been regarded as part
of the ‘atopic march’, preceded by atopic dermatitis and food
allergy, and followed by allergic rhinoconjunctivitis [7,8]. System-
atic reviews of long-term follow-up studies and large-scale
prospective birth cohort studies have shown that only 1 in 3 chil-
dren with atopic dermatitis will develop asthma during later child-
hood, and more than half of 6-year-old children with asthma had
no atopic dermatitis as an infant [7–11]. Consequently, the current
view on atopic diseases is that they share a genetic predisposition
to become sensitized to common allergens that non-atopic people
do not react to [8,12]. Sensitization to inhalant allergens is, there-
fore, the hallmark of atopic airway diseases (Fig. 1). In cross-
Fig. 1. Neuro-inflammatory and immunological intera
sectional cohort studies, about 70–80 % of children with asthma
are atopic, i.e. sensitized to one or more common inhalant aller-
gens, with higher rates of atopy in patients with more severe
asthma [13–17].

Sensitization is a weak predictor of allergic diseases

Sensitization does not necessarily imply the presence of an
immunologically mediated allergic reaction or allergic disease, as
sensitization may be asymptomatic [12]. The development of IgE
antibodies to airborne allergens is obviously not the only step
required to develop an allergic disease like allergic rhinitis, and
most sensitized individuals do not develop allergic diseases.
Whether or not a sensitized individual develops a symptomatic
atopic disease is dependent on the complex interplay between
genetic predisposition and exposure to environmental stimuli like
ctions in the development of atopic sensitization.
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inhalant allergens and parental smoking, with different effects of
specific environmental exposures amongst individuals with differ-
ent genetic predispositions [18]. The complexity is further
increased by the finding that similar to asthma, ‘atopic sensitiza-
tion’ is heterogeneous, and that there are several distinct sub-
groups of sensitization, differing in their risk factors and associa-
tions with asthma progression [12]. Patterns of sensitization are
mainly determined by the age of onset and types of sensitization,
including mono-sensitization to dust mite and multiple sensitiza-
tion to food and inhalant allergens [12,19]. There is increasing evi-
dence that the risk of asthma is significantly higher among children
who are sensitized early in life, or sensitized to multiple allergens
[12]. However, in the absence of mechanistic knowledge, it is diffi-
cult to identify the role of sensitization in the development of
asthma. While sensitization in general does not predict asthma
very well, looking for specific sensitization patterns may be helpful
to identify children at risk to be or to become asthmatic. But even
in children with early, multiple sensitizations, the diagnosis of
asthma is primarily based on a history of recurrent wheezing,
breathlessness and cough, supported by lung function tests.
Inhalant allergy is closely related to asthma control

It is undisputed that allergic sensitization can develop into an
inhalant allergy, and exposure to that specific allergen can result
in a pulmonary allergic reaction. This relationship between inha-
lant allergy and asthma symptoms is very well illustrated in asth-
matic children with an animal dander allergy, experiencing acute
asthma symptoms after exposure to that specific animal [20].
The significant role of inhalant allergy is also obvious in children
with a pollen allergy and a strict seasonal pattern of asthma
symptoms.

The effect of an inhalant allergy on asthma control, however, is
usually not so obvious. Many children with asthma have perennial
symptoms, with a broad range of stimuli such as viral infections,
exercise and exposure to inhaled allergens. In these patients, the
contribution of the inhalant allergy to asthma symptoms may
remain unclear. This is particularly a problem in patients with
chronic exposure to an allergen, such as patients with a house dust
mite allergy or pet owners with a pet allergy [20]. Identification of
the role of allergen exposure in determining asthma control is even
more complex because there is some evidence that asthma stimuli
may interact: children with higher allergen exposure may have
more severe asthma symptoms during viral infections [21].

The sometimes-complex assessment of the role of inhalant
allergy in individual patients, however, does not imply that inha-
lant allergies have a minor role in asthma outcomes. Studies have
shown that children with asthma who are sensitized and exposed
to indoor allergens, including dust mite, rodent, cockroach, and
pet allergens, have worse asthma control and lung function and
greater airway inflammation and morbidity than those who are
either not sensitized or not exposed to these allergens [20,22].
Asthma symptoms, pulmonary function, and need for medication
in mite-sensitive asthma patients correlate with the level of
house-dust mite exposure [22]. The impact of inhalant allergy on
asthma control is further illustrated by high sensitization rates
among children visiting specialized outpatient asthma clinics,
and among hospitalized children with asthma, where sensitization
rates of up to 90% have been described [16,17]. Therefore, it can be
concluded that inhalant allergy affects asthma control in different
ways, and in many more cases than suspected when relying only
on an allergy history.

Asthma and allergic rhinitis: united airway disease

Different manifestations of atopic disease may co-exist in
patients, or develop at different times [7]. Patterns of co-
incidence can be identified among the four main atopic diseases:
atopic dermatitis, food allergy, asthma and allergic rhinitis. Food
allergy, for example, is mainly diagnosed in children with eczema,
a co-incidence which is thought to be caused by a disrupted skin
barrier facilitating transcutaneous allergen presentation to the
immune system, making a person more likely to develop sensitiza-
tion to the specific allergen [23]. Asthma and allergic rhinitis also
have high rates of co-incidence [7,24]. Allergic rhinitis is the most
common atopic airway disease in school-aged children and adults,
and is often the single expression of atopy in these patients [25].
Up to 85% of school-aged children and adults with atopic asthma
have concomitant allergic rhinitis [7,24,25]. These two diseases
not only often co-exist, but appear to share the pathophysiology
of an evolving, inflammatory reaction, sustained and amplified by
interconnected neuro-inflammatory mechanisms [26]. Therefore,
inhalant allergy affects asthma control also by an indirect route
after nasal exposure [26]. The shared pathophysiology has clinical
relevance: treatment of rhinitis leads to better control of asthma
[17,25]. Allergic rhinitis and asthma therefore require an inte-
grated diagnostic and therapeutic approach to achieve disease con-
trol [24,27].
HOW TO DIAGNOSE INHALANT ALLERGY

From the above it follows that identifying sensitization in a
patient does not equate with clinical allergy [28]. In other words,
allergy sensitization tests show a high false-positive rate. A struc-
tured allergy history alone also carries high false positive and false
negative rates [29]. This is in particular the case in patients with
perennial respiratory symptoms and for indoor allergens with
chronic exposure. For a reliable diagnosis of a specific allergy, the
structured allergy history needs to be considered alongside results
of allergy tests of each patient.
Performing a structured allergy history

Questions to be asked to assess the exposure to specific aeroal-
lergens and the risk of having an allergy are given in Table 1. This
may result in a clear diagnosis. If a patient only reports symptoms
of asthma in the summer, and the results of allergy tests are posi-
tive for tree or grass pollen, the trigger for the asthma symptoms is
likely to be grass pollen allergy because the pollination period of
trees occurs in early spring. More challenging is the assessment
of multiple inhalation allergies or perennial indoor allergies,
because patients have chronic symptoms, which are difficult to
relate to direct exposure [30]. If the patient is sensitized to house
dust mites or animal danders, the likelihood that house-dust mite
or animal dander allergy contributes to asthma symptoms
increases with more affirmative answers to the questions listed
in Table 1. It is helpful to be aware of existing pests, because in
inner-city areas mouse allergen and cockroach allergen are the
most important indoor allergens children are exposed to [31].
However, absence of positive responses does not exclude a contri-
bution of exposure to house-dust mite or animal dander to the
patient’s symptoms. Given the evidence that exposure to cat aller-
gens can be significant in homes, schools, and offices in the absence
of animals, the issue of allergen exposure in sites without animals
has become more relevant. A Swedish study showed an increase of
asthma symptoms in children after summer holidays, particularly
in children from school classes with many cat owners [32], sug-
gesting that children with cat allergy may be affected by indirect
cat exposure at school. In a study in inner-city school-aged chil-
dren with asthma, exposure to mouse allergen at schools was asso-
ciated with increased asthma symptoms and decreased lung
function [31].



Table 1
Structured allergy history.

Questions to be asked to patients with perennial symptoms

Animals
� Exposure: Are there any pets kept indoors? What type? Does the child visit family of friends with pets?
� Symptoms if a pet is kept indoors:
o Do nasal or chest symptoms improve when the child is away from home for a week or longer, and stays in a place with no exposure to animal related allergens?
o Do the patient’s symptoms worsen during the first 24 hours after returning home?
o Do symptoms increase after physical contact with the animal?

House-dust mite (and moulds)
� Exposure: Assume exposure to house-dust mites unless patient lives in a semiarid region. High exposure:
o Is the child living in an older house, with many carpets, or a low housekeeping frequency?
o Is there moisture, dampness or visible moulds in any room of the home?
o What does the child’s bed look like (Covers, teddy bears, etc.)?
� Symptoms:
o Does playing in a dusty place (e.g. the attic, at a friend’s with a less well-cleaned house) cause nasal, eye or chest symptoms?
o Does the child sneeze repeatedly in the morning?
o Does the patient have increased symptoms during vacuuming in the house?
o Has the patient noticed a change of symptoms when away from home on vacation (e.g. increase in dusty hostels or hotels and sleeping on an old mattress)?
o Do nasal, eye, or chest symptoms appear when the patient is in a carpeted or recently vacuumed room?

Pests
� Exposure: Have the caregivers seen cockroaches or rodents in the child’s home in the past month? Is the patient living in inner-city conditions?
� Symptoms
o Does the patient have increased symptoms during vacuuming of the house?
o Has the patient noticed a decrease of symptoms when away from home on vacation?

Questions to be asked to patients with a seasonal symptom pattern

Pollen (early spring - trees, late spring - grasses, late summer to autumn - weeds and Alternaria)
� Nasal, eye or chest symptoms in a specific season?
� Do symptoms increase when the patient is outside in general or doing outdoor activities in green spaces such as parks with grass and trees?

Mite or animal dander
� Symptoms late autumn and early winter may be related to mite or animal dander allergy, ask questions as suggested above for patients with perennial symptoms.
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Performing allergy tests: choice of inhalant allergens

In taking a history, it can be difficult to associate clinical
allergy with allergen exposure. This is particularly true for
perennial allergies and exposure to allergens such as house dust
mite or cockroaches in the living environment. In contrast, cer-
tain pollen allergies may be clinically diagnosed more easily if
allergy symptoms coincide with or clearly exacerbate in a partic-
ular pollen season. However, patients sensitized to seasonal pol-
len may also have mild persistent symptoms caused by chronic
up-regulation of inflammatory cells and mediators in the
mucosa, leading to increased sensitivity to allergens and non-
specific irritants [33,34]. While those sensitized to perennial
allergens may experience intermittent symptoms that worsen
during autumn and winter caused by increased exposure [35].
Therefore, in many patients with a mono-sensitization to pollen
or house dust mite allergy, a seasonal variability of the symp-
toms is detectable [35].

One may expect that pet allergy can be relatively easily
identified by asking the patient if he or she experiences allergy
or asthma symptoms when exposed to the pet. However, the
large majority (78%) of patients with a positive bronchial
provocation test to cat allergen did not think that cat exposure
was a trigger of their allergic symptoms [30]. We therefore rec-
ommend screening children with asthma for inhalant allergy
sensitization, at least testing for common indoor allergens
including house dust mite and cat and dog dander. Allergy test-
ing for dander of specific types of pets or horses are only rele-
vant for those who have a history of exposure. Screening for
cockroach, rodent and moulds is indicated when exposure to
these allergens is likely, which depends on the geographic loca-
tion and the living environment. Screening for tree and grass
pollen sensitization may also be relevant because sensitization
to specific pollen may be a target for high-dose oral
immunotherapy [36].
Skin prick test (SPT) or specific IgE (sIgE)

Serum IgE testing and allergy skin testing show comparable
results in identifying clinically important sensitizations, and there
is no lower age limit for either of these tests [28,30]. Disagreement
between the two tests is common in children. In two small paedi-
atric studies of children with multiple inhalant allergen sensitiza-
tion, only half of the sensitized patients showed both a positive
skin prick test and elevated sIgE to the same allergen [30]. In
two studies including children with asthma, discordance between
SPT and IgE testing was 10–20% [37,38]. When a SPT shows no sen-
sitization despite a very suggestive positive allergy history, per-
forming sIgE testing should be considered (and vice versa). The
choice of skin prick test or serum IgE may be based on availability
and the specific advantages of the tests. A skin prick test has the
advantage that results are visible to the patient within ten minutes
and an official report can be provided accordingly. This may
encourage adherence to environmental control measures. The risk
of severe allergic reactions in skin prick testing in children is too
low to be a clinically relevant consideration in the choice of allergy
testing. Testing serum IgE has the advantage that it does not
require specific skills or allergen extracts, and that the test can
be performed on patients who are taking medications that sup-
press the immediate skin test response (antihistamines). The cost
of specific IgE sensitization screening is considerably higher than
that of skin prick testing, however, and results are not immediately
available.

Interpretation of test results

To add precision to diagnosing allergy, the level of sensitization
to a specific allergen should be taken into consideration, because
the risk of having a symptomatic inhalant allergy increases with
higher levels of sIgE [39]. In an adult cohort, approximately 2/3
of patients with slightly elevated specific IgE to house dust mite
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or cat did not report any symptoms suggestive of a house dust mite
or cat dander allergy, compared to over 95% of patients with high
level grass pollen IgE levels reporting symptoms in the grass pollen
season [39]. We were unable to find similar paediatric studies.
Although the risk of symptomatic allergy increases with the degree
of sensitization, even highly sensitized patients may be completely
asymptomatic, as illustrated by the finding that almost a quarter of
adults with high house dust mite specific IgE levels did not report
symptoms suggestive of a dust mite allergy [38]. In polysensitized
patients with high sensitization levels to specific allergens, low
sIgE levels to other inhalant allergens are usually of no clinical rel-
evance [19].
Table 3
arguments for and against allergy testing in children with asthma.

Arguments favouring specific allergy
testing

Arguments against routine
allergy testing

Allergen avoidance measures can be
focused on the relevant allergens

Indication of pharmacotherapy
irrespective of allergic state

Prevents the application of useless
allergen avoidance measures in non-
allergic patients

Excellent benefit/risk ratio of
pharmacotherapy

Contributes to the identification of
possible causes of uncontrolled asthma

Complete avoidance of allergens
is impossible

Provides target for specific allergen
immunotherapy

Non-allergic stimuli have a
significant role in asthma
control.
THE CASE FOR AND AGAINST DIAGNOSING INHALANT ALLERGY
IN CHILDREN WITH ASTHMA

Considering the strong relationship between inhalant allergy
and asthma control as outlined above, it is remarkable that guide-
lines are inconsistent about testing for inhalant sensitizations. This
inconsistency is related to a persistent disagreement on the effec-
tiveness and the potential role of avoidance of allergens in the
management of asthma, in particular the avoidance of house dust
mite allergens. Some recent reviews and guidelines have con-
cluded that dust mite avoidance interventions have no role in
asthma management [2,3,21]. This conclusion is disputed in two
articles, by summarizing potential flaws of these reviews [21,39].
Among several limitations addressed in these papers is the com-
bined analyses of data for adults and children. House dust mite
exposure measures may have increased effectiveness in children
with asthma, compared to adults. It has been suggested that this
may be related to chronic inflammation and remodelling of air-
ways in adults and to greater allergen exposure in children,
because of their proximity to the floor (including playing on the
floor), and longer sleeping time [21,40].

In view of the evidence that high allergen exposure can trigger
asthma symptoms (as outlined before), and that a low-allergen
environment can be achieved in children’s homes [41], the real
question is not whether allergen avoidance is effective, but how
to achieve a sufficiently large reduction in personal allergen expo-
sure in real-life to achieve clinical improvement [21]. This suggests
that the effectiveness of home-based allergen-control interven-
Table 2
allergen specific recommendations to reduce allergen exposure or to reduce respiratory sy

House-dust mite
� Encase the mattress in an allergen-impermeable cover.
� Encase the pillow in an allergen-impermeable cover or wash it weekly.
� Wash the sheets and duvets/blankets on the patient’s bed weekly in hot water. A
sure to dry heat or freezing can also kill mites but does not remove allergen.

� Reduce indoor humidity to or below 60 percent, ideally between 30 and 50 perce
� Remove carpets from the home, at least from the bedroom.
� Avoid sleeping or lying on upholstered furniture.
� In children’s beds, minimize the number of stuffed toys, and wash them weekly,
� In case of persistent symptoms: consider home visit by dedicated asthma nurse t
� In case of expected exposure to high levels of HDM (e.g. school camps with sleep

Animals
� If the patient is allergic to an animal, remove animal from the house.
� If removal of the animal is not acceptable: Keep the pet out of the patient’s bedro
carpets from the home, or isolate the pet from these items to the extent possible

� If the patient is allergic to an animal, don’t buy a new pet when the current pet d
� In case of expected contact with an animal (e.g. playing with a friend with anima
� Cat-allergy and symptoms related to school: take oral antihistamines or SABA in

Pollens
� Start with a nasal steroid 2–4 weeks before the pollination period. Monitor pollen
� Take oral or ocular antihistamines before going outside. Wear (sun)glasses.
� Keep bedroom windows closed, in particular during periods of peak pollen expos
� Undress outside the bedroom, wash hair before going to bed.
� Avoid drying laundry and bed sheets outside during pollination period.
tions is determined by the extent to which allergen reduction is
achieved. This consideration may help to understand why multi-
component interventions are more effective in improving asthma
control (Table 2) [42]. But even single interventions may affect
asthma outcomes, as illustrated by a randomized trial of 284
school-aged children with asthma and sensitization to house dust
mite. Patients who received dust mite-impermeable bed encasings
had a 27% lower risk of severe asthma exacerbations than children
with placebo bed covers [43].

These findings provide a convincing rationale for the use of
allergen avoidance in asthma management, and allergy testing to
guide allergen avoidance in asthma management is a logical choice
(Table 3). However, the treatment of allergic asthma and rhinitis
always includes pharmacotherapy, which is mainly determined
by symptoms and lung function and not by the specific allergies.
Because antihistamines and inhaled, nasal and ocular cortico-
steroids have a very favourable benefit/risk ratio, a case can also
be made for an empiric trial of medication as the initial step for
patients with a convincing history of allergic rhinitis or asthma,
without confirming inhalant allergy by skin prick or sIgE testing.
In patients who are comfortable with taking medication, and con-
trol of asthma and allergic rhinitis is achieved with low or medium
dose of inhaled and nasal corticosteroids, such a pragmatic
approach to treatment without allergy diagnosis appears reason-
able (Table 3).
mptoms during exposure.

temperature of >60 �C is necessary for killing house-dust mites. Prolonged expo-

nt.

or put them in a freezer.
o provide tailored advice about reducing exposure
ing on old mattresses): take oral antihistamines or SABA in advance.

om. Keep the patient’s bedroom door closed. Remove upholstered furniture and
.
ies.
ls): take oral antihistamines or SABA in advance.
advance.

counts online.

ure, usually during the afternoon.
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As part of making a shared decision with parents and children
about asthma treatment, allergen avoidance should be discussed,
including the uncertainty of its effects. In our experience, many
parents are willing to take allergen exposure control measures to
try and keep the dose of inhaled and nasal steroids as low as pos-
sible. Parents obtain information through the Internet about aller-
gen avoidance, including mite-impermeable mattress encasings,
high-efficacy vacuum cleaners, and air filter systems. If parents
are asked about what information they have sought on the Internet
about allergy control measures, they commonly disclose having
found conflicting information, and they express concern about
the costs of control measures [44]. Showing an interest in the infor-
mation that parents have collected themselves will contribute to
the confidence parents have in the physician, and hence increase
the perceived credibility of the physician as a valuable source of
reliable information [45]. Physicians can help parents with a reli-
able allergy diagnosis for their child, preventing parents from tak-
ing useless, and potentially costly, interventions aimed at allergens
their asthmatic child is not sensitized or allergic to.

For clinicians in outpatient asthma and allergy clinics, therefore,
allergen avoidance education is daily practice (Table 2). This
should be based on a combination of data from medical history
and allergy sensitization tests, as outlined above. Environmental
control strategies are tailored to each potentially relevant indoor
exposure, based on knowledge of the patient’s allergic sensitivities
and relevant indoor exposures.
IMMUNOTHERAPY FOR ALLERGIC RHINITIS AND ASTHMA

In patients with uncontrolled allergic rhinitis, despite the use of
nasal steroids and oral antihistamines, allergen specific
immunotherapy is a potentially useful treatment option [25,33].
The efficacy of subcutaneous and high-dose oral immunotherapy
in children with allergic rhinitis has been established for children
with grass and tree pollen allergy, and more for children with
house dust mite allergy [33,46]. Both subcutaneous and high-
dose oral immunotherapy have side-effects, mainly local reactions
at the application site. Immunotherapy carries a substantial risk of
mild systemic side effects (up to 22% of patients in RCTs). Life-
threatening anaphylaxis is rare, and is mainly associated with mul-
tiple allergen-therapy and with subcutaneous immunotherapy
[SCIT] [1,2]. The benefits and risks of immunotherapy should be
carefully discussed with the child’s family before treatment is
started, and the diagnosis of the clinically relevant allergy to the
specific allergen(s) immunotherapy is targeted at should be firmly
established. Because immunotherapy requires long-term treat-
ment at home, particularly when prescribed as high-dose oral
immunotherapy, specific attention should be paid to patients’
adherence toward medication. The communication strategies asso-
ciated with high adherence to maintenance medication have been
described in detail elsewhere [47].

In contrast to the solid evidence base for immunotherapy in
allergic rhinitis, high quality evidence for the beneficial effect of
allergen specific immunotherapy in childhood asthma is lacking
[48–50]. In adults with asthma, only house dust mite sublingual
immunotherapy was associated with a robust improvement in
clinically relevant end points [49]. This may be the reason that
some guidelines, despite the poor quality of evidence, propose
immunotherapy as an option to be considered in the treatment
of asthma in children when regular daily controller therapy with
inhaled corticosteroids with or without long-acting beta agonists
fails to control the disease [2,49]. In our view, immunotherapy is
only indicated in children with difficult to control asthma if they
have comorbid allergic rhinitis and an unambiguous allergy diag-
nosis based on the patient’s history and sensitization.
CONCLUDING REMARKS

In patients with asthma, allergy to inhalant allergens is com-
mon and it may significantly affect asthma control. Although a
pragmatic approach with a trial of medication for asthma and
allergic rhinitis may be applied to children with a high likelihood
of inhalant allergy as a relevant contributing factor to the asthma
and rhinitis symptoms, we recommend performing inhalant
allergy screening testing in children with persistent asthma,
because the results of such testing may help determining the
extent to which inhalant allergies contribute to asthma and rhinitis
symptoms, have consequences for the counselling on allergen
avoidance measures, and affect the indication for specific allergy
immunotherapy.

DIRECTIONS FOR FUTURE RESEARCH

� Explore the role of allergen component testing in distinguishing
clinically relevant from irrelevant (asymptomatic) aeroallergen
sensitization

� Study the relationship between the degree of sensitization to
aeroallergens and firmly established inhalant allergies in chil-
dren with asthma

� Explore the relationship between the degree of sensitization to
aeroallergens and the effectiveness of allergen exposure reduc-
tion measures
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Practice points

Allergy testing in children with asthma:

� In most children with asthma, inhalant allergy contributes
to asthma symptoms

� The diagnosis of an inhalant allergy is based on the allergy
history and sensitization

� Serum IgE testing and allergy skin testing show compara-
ble results in identifying clinically important sensitizations

� A reliable diagnosis of specific allergies is important to pro-
vide the patient and family with effective recommenda-
tions about reduction of allergen exposure

References

[1] National Asthma Education and Prevention Program. Expert Panel Report 3
(EPR-3): Guidelines for the Diagnosis and Management of Asthma-Summary
Report 2007. J Allergy Clin Immunol 2007;120:S94–S138.

[2] Global initiative for asthma. Global Strategy for Asthma Management and
Prevention, 2019. Available from www.ginasthma.org. [cited 28-08-2019].

[3] Asthma: diagnosis, monitoring and chronic asthma management. NICE
Guideline [NG80]. 2017. Avaible from www.nice.org.uk/guidance/ng80 [cited
28-08-2019].

[4] Yawn BP, Rank MA, Cabana MD, Wollan PC, Juhn YJ. Adherence to asthma
guidelines in children, tweens, and adults in primary care settings: a practice-
based network assessment. Mayo Clin Proc 2016;91:411–21.

[5] Yee AB, Fagnano M, Halterman JS. Preventive asthma care delivery in the
primary care office: missed opportunities for children with persistent asthma
symptoms. Acad Pediatr 2013;13:98–104.



T. Klok et al. / Paediatric Respiratory Reviews 37 (2021) 57–63 63
[6] Diette GB, Skinner EA, Nguyen TT, Markson L, Clark BD, Wu AW. Comparison of
quality of care by specialist and generalist physicians as usual source of
asthma care for children. Pediatrics 2001;108:432–7.

[7] Belgrave DC, Granell R, Simpson A, Guiver J, Bishop C, Buchan I, et al.
Developmental profiles of eczema, wheeze, and rhinitis: two population-based
birth cohort studies. PLoS Med 2014;11:e1001748.

[8] Johansson E, Biagini Myers JM, Martin LJ, He H, Ryan P, LeMasters GK, et al.
Identification of two early life eczema and non-eczema phenotypes with high
risk for asthma development. Clin Exp Allergy 2019;49:829–37.

[9] van der Hulst AE, Klip H, Brand PL. Risk of developing asthma in young children
with atopic eczema: a systematic review. J Allergy Clin Immunol
2007;120:565–9.

[10] Saunes M, Øien T, Dotterud CK, Romundstad PR, Storrø O, Holmen TL, et al.
Early eczema and the risk of childhood asthma: a prospective, population-
based study. BMC Pediatr 2012;12:168.

[11] von Kobyletzki LB, Bornehag CG, Hasselgren M, Larsson M, Lindstrom CB,
Svensson A. Eczema in early childhood is strongly associated with the
development of asthma and rhinitis in a prospective cohort. BMC Dermatol
2012;12:1–11.

[12] Oksel C, Custovic A. Development of allergic sensitization and its relevance to
paediatric asthma. Curr Opin Allergy Clin Immunol 2018;18:109–16.

[13] Zoratti EM, Krouse RZ, Babineau DC, Pongracic JA, O’Connor GT, Wood RA, et al.
Asthma phenotypes in inner-city children. J Allergy Clin Immunol
2016;138:1016–29.

[14] van der Valk RJ, Caudri D, Savenije O, Koppelman GH, Smit HA, Wijga AH, et al.
Childhood wheezing phenotypes and FeNO in atopic children at age 8. Clin Exp
Allergy 2012;42:1329–36.

[15] Rubner FJ, Jackson DJ, Evans MD, Gangnon RE, Tisler CJ, Pappas TE, et al. Early
life rhinovirus wheezing, allergic sensitization, and asthma risk at adolescence.
J Allergy Clin Immunol 2017;139:501–7.

[16] Beck AF, Huang B, Kercsmar CM, Guilbert TW, McLinden DJ, Lierl MB, et al.
Allergen sensitization profiles in a population-based cohort of children
hospitalized for asthma. Ann Am Thorac Soc 2015;12:376–484.

[17] de Groot EP, Kreggemeijer WJ, Brand PLP. Getting the basics right resolves
most cases of uncontrolled and problematic asthma. Acta Paediatr
2015;104:916–21.

[18] Custovic A, Lazic N, Simpson A. Pediatric asthma and development of atopy.
Curr Opin Allergy Clin Immunol 2013;13:173–80.

[19] de Jong AB, Dikkeschei LD, Brand PLP. Sensitization patterns to food and
inhalant allergens in childhood: a comparison of non-sensitized,
monosensitized, and polysensitized children. Pediatr Allergy Immunol
2011;22:166–71.

[20] Gergen PJ, Mitchell HE, Calatroni A, Sever ML, Cohn RD, Salo PM, et al.
Sensitization and exposure to pets: the effect on asthma morbidity in the US
population. J Allergy Clin Immunol Pract 2018;6:101–7.

[21] Custovic A, Murray CS, Simpson A. Dust-mite inducing asthma: what advice
can be given to patients? Expert Rev Respir Med 2019;13:929–36.

[22] Langley SJ, Goldthorpe S, Craven M, Morris J, Woodcock A, Custovic A.
Exposure and sensitization to indoor allergens: association with lung function,
bronchial reactivity, and exhaled nitric oxide measures in asthma. J Allergy
Clin Immunol 2003;112:362–8.

[23] Leung DYM, Calatroni A, Zaramela LS, LeBeau PK, Dyjack N, Brar K, et al. The
nonlesional skin surface distinguishes atopic dermatitis with food allergy as a
unique endotype. Sci Transl Med 2019;11:480.

[24] de Groot EP, Nijkamp A, Duiverman EJ, Brand PLP. Allergic rhinitis is associated
with poor asthma control in children with asthma. Thorax 2012;67:582–7.

[25] Brozek JL, Bousquet J, Agache I, Agarwal A, Bachert C, Bosnic-Anticevich S, et al.
Allergic Rhinitis and its Impact on Asthma (ARIA) guidelines-2016 revision. J
Allergy Clin Immunol 2017;140:950–8.

[26] Braunstahl G, Fokkens W. Nasal involvement in allergic asthma. Allergy
2003;58:1235–43.

[27] Licari A, Brambilla I, De Filippo M, Poddighe D, Castagnoli R, Marseglia GL. The
role of upper airway pathology as a co-morbidity in severe asthma. Expert Rev
Respir Med 2017;11:855–65.

[28] Sicherer SH, Wood RA, American Academy of Pediatrics Section On Allergy And
Immunology. Allergy testing in childhood: using allergen-specific IgE tests.
Pediatrics 2012;129:193–7.
[29] Smith HE, Hogger C, Lallemant C, Crook D, Frew AJ. Is structured allergy history
sufficient when assessing patients with asthma and rhinitis in general
practice? J Allergy Clin Immunol 2009;123:646–50.

[30] de Vos G. Skin testing versus serum-specific IgE testing: which is better for
diagnosing aeroallergen sensitization and predicting clinical allergy? Curr
Allergy Asthma Rep 2014;14:430.

[31] SheehanWJ, Permaul P, Petty CR, Coull BA, Baxi SN, Gaffin JM, et al. Association
between allergen exposure in inner-city schools and asthma morbidity among
students. JAMA Pediatr 2017;171:31–8.

[32] Almqvist C, Wickman M, Perfetti L, Berglind N, Renström A, Hedrén M, et al.
Worsening of asthma in children allergic to cats, after indirect exposure to cat
at school. AJRCCM 2001;163:694–8.

[33] Roberts G, Pfaar O, Akdis CA, Ansotegui IJ, Durham SR, Gerth van Wijk R, et al.
EAACI guidelines on allergen immunotherapy: allergic rhinoconjunctivitis.
Allergy 2018;73:765–98.

[34] Canonica GW, Compalati E. Minimal persistent inflammation in allergic
rhinitis: implications for current treatment strategies. Clin Exp Immunol
2009;158:260–71.

[35] Ciprandi G, Cirillo I, Vizzaccaro A, Tosca M, Passalacqua G, Pallestrini E, et al.
Seasonal and perennial allergic rhinitis: is this classification adherent to real
life? Allergy 2005;60:882–7.

[36] Frith J, Fleming L, Bossley C, Ullmann N, Bush A. The complexities of defining
atopy in severe childhood asthma. Clin Exp Allergy 2011;41:948–53.

[37] Önell A, Whiteman A, Nordlund B, Baldracchini F, Mazzoleni G, Hedlin G, et al.
Allergy testing in children with persistent asthma: comparison of four
diagnostic methods. Allergy 2017;72:590–7.

[38] Olivieri M, Heinrich J, Schlunssen V, Anto JM, Forsberg B, Janson C, et al. The
risk of respiratory symptoms on allergen exposure increases with increasing
specific IgE levels. Allergy 2016;71:859–68.

[39] Platts-Mills TAE. Allergen avoidance in the treatment of asthma: problems
with the meta-analyses. J Allergy Clin Immunol 2008;122:694–6.

[40] Matsui EC, Abramson SL, Sandel MT. Section on allergy and immunology,
council on environmental health. Indoor environmental control practices and
asthma management. Pediatrics 2016;138:2589.

[41] Custovic A, Simpson BM, Simpson A, Hallam C, Craven M, Brutsche M, et al.
Manchester Asthma and Allergy Study: low-allergen environment can be
achieved and maintained during pregnancy and in early life. J Allergy Clin
Immunol 2000;105:252–8.

[42] Leas BF, D’Anci KE, Apter AJ, Bryant-Stephens T, Lynch MP, Kaczmarek JL, et al.
Effectiveness of indoor allergen reduction in asthma management: a
systematic review. J Allergy Clin Immunol 2018;141:1854–69.

[43] Murray CS, Foden P, Sumner H, Shepley E, Custovic A, Simpson A. Preventing
severe asthma exacerbations in children. A randomized trial of mite-
impermeable bedcovers. Am J Respir Crit Care Med 2017;196:150–8.

[44] Tovey ER, Marks GB. It’s time to rethink mite allergen avoidance. J Allergy Clin
Immunol 2011;128:723–7.

[45] Mauksch LB, Dugdale DC, Dodson S, Epstein R. Relationship, communication,
and efficiency in the medical encounter: creating a clinical model from a
literature review. Arch Intern Med 2008;168:1387–95.

[46] Masuyama K, Okamoto Y, Okamiya K, Azuma R, Fujinami T, Riis B, et al.
Efficacy and safety of SQ house dust mite sublingual immunotherapy-tablet in
Japanese children. Allergy 2018;73:2352–63.

[47] Klok T, Kaptein AA, Brand PLP. Non-adherence in children with asthma
reviewed: the need for improvement of asthma care and medical education.
Pediatr Allergy Immunol 2015;26:197–205.

[48] van de Griendt E, Tuut MK, de Groot H, Brand PLP. Applicability of evidence
from previous systematic reviews on immunotherapy in current practice of
childhood asthma treatment: a GRADE (Grading of Recommendations
Assessment, Development and Evaluation) systematic review. BMJ Open
2017;7:e016326.

[49] Agache I, Lau S, Akdis CA, Smolinska S, Bonini M, Cavkaytar O, et al. EAACI
guidelines on allergen immunotherapy: house dust mite-driven allergic
asthma. Allergy 2019;74:855–73.

[50] Lin SY, Azar A, Suarez-Cuervo C, Diette GB, Brigham E, Rice J, Ramanathan M,
Gayleard J, Robinson KA. The role of immunotherapy in the treatment of
asthma. Comparative EFFECTIVENESS REVIEW No. 196. Rockville, MD: Agency
for Healthcare Research and Quality (US); 2018.


