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Abstract

There has been exciting progress in diagnosis and in the treatment of allergic patients. The objective of this review is to
summarize the most relevant contributions in the past 10 years with a special focus on the pediatric population allergic to
aeroallergens and provide the most relevant references and practical issues for the decision-making. Current guidelines on allergy
diagnosis recommend a thorough clinical history as the first step, followed by allergen extract testing using an in vivo prick test
and/or an in vitro specific IgE test. Molecular diagnosis is recommended when previous tests are inconclusive. In practice, the
most important factors to decide the AIT treatment are the actual intensity and duration of the patient’s symptoms and the
availability of appropriate AIT products for the patient’s sensitization profile at high allergen concentrations and with confirmed
efficacy and safety from clinical trials. This document summarizes outstanding references for allergic immunotherapy decision-
making and provides summary tables and figures analyzing the most important factors related to the decision for allergen
immunotherapy and the safety risks related. The experts concluded that AIT is efficacious and safe for the treatment of allergic
patients that is available for the most frequent aeroallergens.

What is Known:

* The prevalence of allergic asthma and rhinitis in children has increased in recent decades.

* The efficacy and safety of allergen immunotherapy has been shown in multiple studies and systematic reviews.

What is New:

* This document summarizes outstanding references for allergic immunotherapy decision-making and provides summary tables and figures analyzing
the most important factors related to the decision for allergen immunotherapy and the safety risks related. Recommendations of expert authors for the
decision of the patients more suitable for allergen immunotherapy are included.
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Abbreviations

ACAAI American College of Allergy,
Asthma and Immunology

AIT Allergen immunotherapy

ARIA  Allergic Rhinitis and its Impact on Asthma

EAACI European Academy of Allergy and
Clinical Immunology

EMA European Medicines Agency

GINA  Global Initiative for Asthma

HEP Histamine equivalent prick

Ig Immunoglobulin

IL Interleukin

ISAC Immuno-solid phase allergen chip

ISU ISAC standardized units

SCIT Subcutaneous immunotherapy
SLIT Sublingual immunotherapy
TGF-b  Transforming growth factor beta
WAO World Allergy Organization
Introduction

There has been remarkable progress in diagnosis and new
evidence in the treatment of allergic patients in the last years.
Allergen immunotherapy (AIT) has its own unique character-
istics, as it is a treatment developed to decrease and modulate
the immune response to allergens that do not usually elicit an
immune response in the general population. The purpose of
immunotherapy in other diseases is the opposite, namely, to
increase the immune response against selected allergens.

The objective of this review is to summarize the most rel-
evant contributions in the past 10 years related to diagnosis of
allergic diseases and the management of AIT with a special
focus on the pediatric population sensitized to aeroallergens
and provide the most relevant references and practical issues
for the decision-making.

Differential diagnosis

Respiratory tract symptoms are the most commonly seen in
pediatric practice. They may be related to bacterial or viral
infections, or to allergic, hyperreactive, or inflammatory con-
ditions. As the seasonality of these etiologies can be concom-
itant, a complete differential diagnosis is required to select the
most effective treatment [1]. According to large population-
based studies, the prevalence of asthma and allergic rhinitis
(AR) in children has increased in the last decades to a preva-
lence of 15% [1-4]. Recent updated guidelines for the

@ Springer

diagnosis and treatment of rhinitis and asthma are useful tools
for evidence-based management of patients and include spe-
cial features for the pediatric population (Supplementary dig-
ital material-1) [2—4].

Rhinitis, conjunctivitis, asthma, dermatitis, urticaria, gas-
trointestinal symptoms, and anaphylaxis are the most common
syndromes related to an allergic etiology.

Etiological diagnosis

Accuracy in the identification of relevant sensitizing aller-
gen(s) responsible for clinical symptoms will allow for expo-
sure control and for allergen avoidance whenever possible,
and for selection of specific AIT.

All allergy diagnostic tests should be evaluated considering
the patient’s clinical history. The results of diagnostic tests
must explain the symptoms, as patients can show positive
results to specific allergens in the diagnostic tests (sensitized
patients) but this may not be associated with clinical symp-
toms in some cases [5].

In vivo and in vitro etiological diagnostic tests are avail-
able, but none of them is considered the gold standard. A
comprehensive update of allergy diagnostic testing is provid-
ed by Bernstein et al. [6]. Table 1 shows a comparison of the
main diagnostic tests available for etiological diagnosis of
allergy. A brief description is given below:

Prick test

The prick test is most widely used and is the reference test for
measuring the sensitivity and specificity of other tests. It al-
lows for immediate reading of the results of many different
allergens at the same time, is minimally invasive and inexpen-
sive but requires trained staff. The composition and concen-
tration of the allergens contained in the commercial diagnostic
tests vary widely [7]. A European project encourages the stan-
dardization of allergen extracts based on their content of major
allergen(s). Major and minor allergens are those against which
at least 50% (major allergens) or less than 50% (minor aller-
gens) of patients tested have allergen-specific immunoglobu-
lin E (IgE) antibodies [8—10]. All positive result in the prick
test can or cannot be related to current symptoms but interest-
ingly, it could be predictive of future clinical allergies [11].

Specific IgE

An allergy blood test measures circulating IgE directed
against a specific allergen molecule or extract. The specific
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Table 1 Comparison of the main allergy diagnostic tests

Prick test Specific IgE Molecular diagnosis
Sensitivity 85-87% 70-75%
Reproducibility Manual procedure requiring trained staff Automated

Number of tests by allergen One test by allergen

Blood sample needed None needed

Allergens than can be tested

Results

Results related to clinical symptoms No
Safety

Polysensitized patients

Identify cross-reactivity Yes
Usetul to assess efficacy No
Cost Low

Recommended in
* If other tests are not available
* Young children

Natural, recombinant proteins, or crude extracts

Qualitative, positive, or negative results

Common standardized battery with 18 allergens

* Suspicion of mono or oligosensitized patients

Singleplex: one test by allergen

Multiplex: multiple allergens in one test

Singleplex: 40 pl of serum per allergen tested

ADVIA-Centaur 25 ul serum per allergen

Natural, recombinant proteins, or crude extracts.
Not all allergic sources are included

Quantitative, kUa/L, kilo international units of
allergen-specific antibody per unit volume of
sample

ISAC: semiquantitative (ISU)

No

Skin reactions uncomfortable for patients; risk of anaphylaxis Safe, in vitro

One test for each allergen

Detects low-affinity IgE that may have no
clinical relevance

Multiplex: one test for more than 100 allergens

No

No

High

In young children requires total IgE
measurement.

« For patients not cooperating in prick test

« Severe skin disease (extensive eczema,
dermographism, urticaria)

« Patients receiving drugs that interfere with
in vivo tests

* Polysensitized patients

* Cross-reactivity suspected

* When the physician has not suspected allergens

IgE threshold that indicates the presence or absence of clinical
symptoms is unknown. Low specific IgE levels do not rule out
allergic symptoms, especially in very young children [12]. In
subjects with very high total IgE levels (> 300 kU/L), as com-
monly seen in young children, low specific IgE levels may be
found. Total IgE levels should therefore be measured at the
same time as specific IgE testing [13]. It has been noted that
for some allergens, positive results in the prick test are not
associated with positive results in specific IgE levels, and vice
versa [14]. The number of sensitized patients who could be
misdiagnosed if only one diagnostic test is used may be up to
58% if only the prick test is used, or 34% if only specific IgE
levels are measured [15]. It is therefore recommended that
both methods are used for diagnosis.

Molecular diagnosis
This in vitro test measures specific IgE that binds to sin-

gle allergenic protein components. This allergenic protein
may be an allergen source but also a cross-reactivity

marker that shows positive results for different sources.
In polysensitized patients, molecular diagnosis can im-
prove the resolution of conventional diagnostic tests, ei-
ther by detecting new relevant sensitizations or by ruling
out clinically irrelevant sensitizations caused by non-
symptomatic cross-reactive allergens. A comprehensive
Molecular Allergology User’s Guide reviewing the gener-
al concepts of molecular allergology, use of the test in
clinical practice to diagnose allergies related to the most
common allergens, and the clinical relevance of the cross-
reactive molecules has been published by the EAACI
[16]. The most important aeroallergenic molecules de-
scribed in this reference are included in the
Supplementary digital material-2.

Which test to use and when?
Current guidelines on allergy diagnosis recommend a

thorough clinical history as the first step, followed by
allergen extract testing using an in vivo prick test and/or
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an in vitro specific IgE test. Molecular diagnosis is rec-
ommended as a third step when previous tests are incon-
clusive [17]. In order to know for which allergen the pa-
tient should be candidate to available AIT, an algorithm
using a panel of specific markers of allergen sources and
screening for panallergens has been proposed to assess
patients from southern Europe suitable for AIT-based ex-
tracts and is shown in Fig. 1 [18]. In mono-oligosensitized
patients, assessment of sensitization to specific major
molecules contained in AIT extracts is recommended.
For polysensitized patients, testing for panallergens such
as specific IgE against profilins/polcalcins is advised.

We recommend the use of Prick test when there is suspi-
cion of mono- or oligosensitized patients, when no other tests
are available and in young children. The specific IgE test is
useful for patients not cooperating in Prick test, when the
patient shows severe skin disease (extensive eczema,
dermographism, urticaria), for patients receiving drugs inter-
fering the in vivo tests, in polysensitized patients or when
cross-reactivity is suspected.

Relevant factors for the decision of treatment
with allergen immunotherapy

Multiple factors related to the diagnosis of allergy in respira-
tory diseases affect the decision to administer AIT. In Table 2
are listed different factors to be considered in the decision-
making for the initiation or not of allergy immunotherapy
and related findings of the most recent scientific references.

Geographic factors determine the presence of the allergen
in the patient’s environment but also local genetic factors that
determine different sensitization profiles. Patients living in the
coast can be sensitized to mites more frequently than in inte-
rior zones [19].

Some specific allergens have been related to most severe
symptoms (cat, dog, olive tree), presence of rhinitis (Phleum
pratense, a grass pollen), risk of asthma development
(Alternaria, a fungus), and risk of atopic dermatitis
(Dermatophagoides farinae, a mite) [20-24].

The moment when the symptom appears, and its duration is
related to seasonal or perennial allergens.

Clinical history
SPT/In vitro extract-based slIgE assay

~

Mono-/Oligo-sensitization |

v

Check for major species-specific
allergen markers

>

§ ) Natural purified

£ glycoproteins

5 l:ﬁ:;glycosylzted nCynd 1%

2 gen markers nCup a 1

g rPhlp 1% nOle e1**

g rPhlp 5 nArtv 1

5 ) rParj 2 nSal k 1
—= rOle e 1** nPlaa?2

rPlaa1

l(+>

Assess protein nature of epitope(s)
in multi-sensitized patients
(+) * by () anti-CCD IgE
« by (+) extract skin testing
« by (+) nasal/conjunctival allergen
challenge

Multi-sensitization I

v

Check for sensitization
to panallergens****

rPhl p 7/12
(+)

—

rPhlp 7/12
(+/-)

-—

rPhl p 7/12
-)

!
Suitability for SIT***

SIT efficacy expected

Fig. 1 Algorithm using a panel of specific markers of allergen sources
and screening for panallergens. For the purposes of the current figure,
component allergens’ names denote the detection of corresponding
specific IgE. *In cases with nCyn d 1 (+) > rPhl p 1 (+) and negative
species-specific allergen markers for Timothy grass (e.g., rPhl p 2, rPhl p
5, and rPhl p 6), a Bermuda grass standardized extract may be sufficient
for the treatment of clinical allergy to grass pollen. **Both natural nOle e
1 and recombinant rOle e 1 are commercially available in Europe. ***For
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optimal SIT efficacy, the use of standardized extracts containing the
species-specific major allergen at high-dose concentration may be
required. ****rPhl p 7, as a polcalcin marker and rPhl p 12, as a
profilin marker are typically used. In areas with a high prevalence of
birch pollen allergy (not typical of the Mediterranean region), rBet v 4
and rBet v 2 may respectively be used, along with the essential rBet v 1
birch pollen major allergen [18]
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Table 2 Factors affecting decision of the need for allergen immunotherapy in each patient

Geographic

Type of allergen

Age

Symptoms

Triggering factors

Quality of life

Costs

Symptomatic treatment

AIT products

Different presence of
allergens

Different pollination
periods

Local genetic factors

Mites

Cat and dog
Dermatophagoides farinae
Alternaria

Phleum pratense

Profilins and polcalcins

Polysensitized to several
allergens from a
single-allergen source

Acroallergens
Olee 9 and LPT Ole e 7

Children versus adults
Children
Moderate to severe

symptoms
Allergic asthma

Rhinitis with asthma

Symptom duration

Comorbidities

Identification

Patients affected

Indirect cost of illness

Direct costs

Patients with inadequate
symptom control

Most AlTs contain
standardized major
allergens with minimal
or variable amounts of
minor allergens

Results of allergic tests should be related to local risk of exposure
Results of allergic tests should be related to symptoms in the pollination periods

Different sensitization profiles and disease expression

Patients become polysensitized more often than those mono-sensitized to pollens
(45.4% vs 32.1%) [19]
Dermatophagoides farinae has been associated with atopic dermatitis [24]

Fel d 1 (cat) and Can 5 (dog) have been related with severe asthma in children [23]
Related with atopic dermatitis [24]

Is a risk factor for asthma development, persistence, and exacerbation in children [22]
Sensitization predicts the presence of rhinitis in the future [20]

Longer duration of allergic disease
Increase the risk of sensitization to other allergen sources
Profilins associated to more severe respiratory symptoms [21]

Symptom severity may increase
5 or 6 sensitizations increase the risk of rhinitis (OR 12.73); 7 or more sensitizations
increase the risk of asthma (OR 6.12) [63]

Strongly related to rhinitis, conjunctivitis, and asthma symptoms [22]

Related with more severe symptoms and increased risk of systemic reactions during
AIT [21]

Children have higher risk of respiratory diseases with lower number of sensitizations
than adults

Children are more frequently mono-sensitized at lower age, and poly-sensitized at
higher age

AIT shows more efficacy in moderate to severe than in mild allergic rhinitis or
conjunctivitis

Lung function must exclude patients with severe uncontrolled asthma, forced
expiratory volume in one second (FEV1) should be higher than 70% of predicted.

Patients with mild initial asthma can benefit far more from AIT than those with
moderate to severe asthma, who first require stabilization.

Asthma patients have higher risk of adverse reactions to AIT [4]

Patients should benefit from AIT for the treatment of both symptoms

Perennial symptoms or seasonal symptoms appearing for years can influence the
decision to use AIT

May interfere with response to symptomatic treatment
May be affected by symptomatic treatment

Triggering factors such as exercise, contamination, and smoking should be considered
to assess symptom control

No response to symptomatic treatment
Side effects of symptomatic treatment
Sleep disturbances due to symptoms interfere with work or school performance

Work or school time lost

Emergency room visits

Visits to doctor’s office due to symptoms
Visits to doctor’s office for AIT

Costs of symptomatic treatment

Costs of AIT

Drug measures and allergen avoidance are not effective
Or require high-dose therapy

Or experience side effects from use of multiple drugs
Or wish to avoid long-term drug treatment

Only one major allergen at high doses is usually ensured in the extract
Patients sensitized to minor allergens only will not receive adequate amounts of
allergen

@ Springer
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Table 2 (continued)

AIT products must have
high allergen
concentrations to be
effective

AIT products must have
been shown to be
effective and safe

Subcutaneous or

Not all commercial AIT products contain high allergen concentrations

Each AIT product must have been shown to be effective and safe in randomized
clinical trials

Patient preferences should be considered when AIT is available in different
administration routes

Sublingual immunotherapy is indicated for patients who have suffered systemic
reactions with subcutaneous immunotherapy and in those who have trouble
adhering to SCIT

sublingual AIT
Compliance Expected AIT compliance

should be considered
AIT contraindications Contraindicated in

conditions that increase
the risk of severe
systemic reactions

As AIT should be continued for at least 3 years with monthly administration, patients
should be aware and committed to the procedure

Severe or poorly controlled asthma

Patients with angioedema

Cardiovascular diseases, cancer, immunodeficiency, and autoimmune diseases
First trimester of pregnancy

Use of (3-blockers and angiotensin-converting enzyme inhibitors, as they may amplify
the severity of systemic reactions to AIT and also mask early signs of anaphylaxis

AIT allergen immunotherapy, SCIT subcutaneous immunotherapy

All the previous factors are useful to determine the most
probable allergen and the risk of symptoms, but the most
important factors to decide the AIT treatment are the actual
intensity and duration of the patient’s symptoms. AIT shows
more efficacy in moderate to severe allergic rhinitis or con-
junctivitis, and patients with mild initial asthma can benefit far
more from AIT than those with moderate to severe asthma.
Perennial symptoms or seasonal symptoms appearing for
years can influence the decision to use AIT. If the quality of
life of the patient is affected due to no response to symptom-
atic treatment, the appearance of side effects or due to sleep or
work or school disturbance due to the symptoms, the decision
of AIT treatment can be the best choice.

But also, the availability of the appropriate AIT product,
containing the same allergen for which the patient shows
symptoms, at high allergen concentrations, and that have
available results on clinical trials are relevant factors for the
decision-making. The AIT product cost and the duration of the
treatment for at least 3 years are important factors to discuss
with the patient as could condition the treatment success.

Allergen immunotherapy

AIT consists on administration of specific allergenic extracts
to the patient by different routes at increasing concentrations
until a maintenance dose is reached. There are unmodified
allergen extracts such as purified allergens, adsorbed aller-
gens, recombinant allergens, and synthetic peptides, but also
allergen extracts physically, chemically, or physically-
chemically modified to increase their efficacy and safety.
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Aqueous extracts, depot extracts, and chemically modified
extracts or their combination are available.

Current allergen extracts are manufactured into two forms:
standardized and non-standardized. For the standardized aller-
gen extracts, manufacturers compare the allergen extract to a
US reference standard for potency also adopted by EMA.
There are currently 19 standardized allergen extracts licensed
for distribution in the USA. (https://www.fda.gov/
BiologicsBloodVaccines/Allergenics/ucm391514.htm).
Extracts for which there are no US reference standards are
called non-standardized extracts. Table 3 contains the main
aeroallergens extracts available for AIT.

Mechanisms of allergen-specific immunotherapy

AIT inhibits both the allergic early-phase reaction and the late
immune response, and characteristically causes decreases in
end-organ sensitivity and changes in the humoral and cellular
responses to the allergens administered [25-28].

When AIT is started, changes are seen in humoral immunity.
Allergen-specific IgE levels usually increase, but a gradual de-
crease subsequently occurs during the years of treatment. There
is also an increase in allergen-specific IgG antibodies that may
persist for many years after AIT is discontinued [29, 30]. IgG1,
IgG4, and IgA levels increase, but none of these changes in
antibody levels has been shown to correlate with clinical im-
provement [22]. IgG4 is thought to act as a “blocking” antibody
that inhibits IgE-facilitated allergen uptake by dendritic cells
and prevents IgE-mediated allergen activation of basophils
and mast cells with the resultant inhibition of the release of
inflammatory mediators [30]. It is thought that allergen-
specific I[gG4 may decrease the sensitivity of antigen-
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Table 3
distribution

Standardized injectable aeroallergen extracts licensed for

Source

Epidermal Cat hair (Felis domesticus)
Cat pelt (Felis domesticus)

Insects Mite D.f. (Dermatophagoides farinae)
Mite D.p. (Dermatophagoides pteronyssinus)
Pollens Bermuda grass (Cynodon dactylon)

Kentucky (June) bluegrass (Poa pratensis)
Meadow fescue grass (Festuca elatior)
Orchard grass (Dactylis glomerata)

Redtop grass (Agrostis alba)

Perennial ryegrass (Lolium perenne)

Sweet vernal grass (Anthoxanthum adoratum)
Timothy grass (Phleum pratense)

Short ragweed (Ambrosia artemisiifolia)

Olive tree (Olea europaea): Both natural (nOle e 1) and
recombinant (rOle e 1) are commercially available in
Europe

presenting B cells, and therefore T cells, to allergens by com-
peting with IgE [29]. Therefore, the shift in balance between
IgE and IgG4 may be essential to a successful AIT [31].

AIT also induces changes in cell-mediated immunity.
Induction of tolerance in peripheral T cells is an essential
step in AIT and is defined as a sustained decrease in
allergen-specific T cell responsiveness. With continued im-
munotherapy, there was a predominance of the immune de-
viation from Th2 to Thl cytokine response to the adminis-
tered allergen [22]. Thus, decreased levels of IL-4 and IL-5
produced by Th2 are seen, as well as enhanced synthesis of
interferon gamma (IFN-y), IL-10, and transforming growth
factor beta (TGF-[3) produced by Thl cells for controlling
the allergic inflammatory response. A third subset of T lym-
phocyte, called regulatory T cell (Treg), plays a significant
role for development of a balanced Th2/Thl profile with

downregulatory tone in allergic reaction [32]. Early IL-10
production after AIT and maintained TGF-f3 levels are re-
lated to an effective AIT [33, 34].

The last phase in a patient treated with AIT after several
months is a decrease in tissue mast cells and eosinophils and
the release of their mediators, accompanied by a decrease in
type I skin test reactivity [35].

Selection of the best allergen immunotherapy

AIT is only indicated to treat diseases where an IgE-mediated
allergy mechanism is central to their pathogenesis: rhinitis, aller-
gic asthma, in patients aged 5-50 years, although there is increas-
ing evidence of the efficacy in patients under 5 years old [22].

To select the best AIT for a patient, it is essential to recog-
nize the allergen or allergens that cause symptoms in the pa-
tient, as not all allergens are represented in AIT products. The
presence in the patient of specific IgE to the same major aller-
gen used in the extract increases the potential response to AIT.

There is no agreement on the therapeutic approach to
polysensitized subjects. While single-allergen AIT is preferred
in European countries, use of more than 8 allergens in the
same shot is common in the USA.

Allergen immunotherapy doses, administration
routes, and schemes

Low-dose allergen immunotherapy is usually ineffective.
Doses ranging from 5 to 20 pg of major allergen per injection
are associated with a significant improvement in patient symp-
tom scores [36].

Subcutaneous AIT (SCIT) is the traditional route of AIT,
must be administered in the clinic, and requires patient mon-
itoring for systemic adverse reactions for at least 30 min. In the
past decade, several sublingual AIT (SLIT) products, includ-
ing drops or lyophilized tablets, have been marketed. A com-
parison of both routes may be found in Table 4.

Table 4  Advantages and disadvantages of allergen immunotherapy administration routes

AIT administration route SCIT

SLIT

Number of doses

Maintenance: monthly
Maintenance period At least 3 years
Visits to the clinic for administration Needed
Patient discomfort
Frequent local reactions

Compliance

Buildup phase: variable, weekly for 7 weeks

Injections and patient observation for 30 min

Visits required for AIT administration help increase compliance

Buildup phase: daily
Maintenance: daily or 3 times a week

At least 3 years

Not needed

No discomfort
Frequent local reactions

Long-term daily doses increase
the risk of non-compliance

AIT allergen immunotherapy, SCIT subcutaneous immunotherapy, SLIT sublingual immunotherapy
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AIT is administered in two phases: an initial buildup phase,
with increasing doses and concentrations of the extract at
weekly intervals for about 4-16 weeks; and a maintenance
phase with fixed, optimal, and maximum doses monthly ad-
ministered for at least 3 years and no more than 5 years. The
technical data sheet of each AIT product determines the dos-
ing interval. Intervals in the SLIT maintenance treatment reg-
imens range from one dose daily to three doses per week, and
lyophilized tablets should be administered daily [37].

Allergen immunotherapy efficacy

The ARIA guidelines consider AIT effective for adult and
children with moderate to severe, persistent, or intermittent
allergic rhinitis [38]. According to ARIA, adults with allergic
rhinitis without asthma may use SCIT or SLIT to treat pollen
or house dust mite allergy. However, ARIA only places a high
value on SCIT for reduction of symptoms and potential pre-
vention of asthma development in children. SLIT may be
recommended for adults with pollen or house dust mite allergy
but is only recommended for pollen allergy in children be-
cause its efficacy for house dust mite allergy at this age has
not been shown in clinical trials. As the Global Initiative for
Asthma (GINA) states, AIT effectiveness has been shown in
asthma patients [4].

Initial data on the long-term efficacy of AIT in adults have
recently been reported [39]. There is however no evidence that
allows for concluding whether long-term efficacy in children
might be extrapolated from adult data [40]. The basic patho-
physiological mechanism of type I allergies, seasonal or pe-
rennial, is not fully understood, but is assumed to be identical
in the adult and pediatric populations. However, the magni-
tude of the effect and the safety profile may differ; therefore,
studies in children are needed [41, 42]. It must be emphasized
that there should be evidence of the efficacy and safety of each
AIT product and marketed allergen.

It should be noted that the methods and experimental de-
signs used in clinical trials are quite heterogeneous and there is
no validated symptom score to measure efficacy [43]. To help
solve this problem, allergy organizations and health authori-
ties have published recommendations for future studies [41,
42, 44]. For rhinoconjunctivitis, symptom assessment on a 4-
point rating scale is accepted in adults and for children pro-
vided the symptoms are always rated in the same way by the
parent throughout follow-up. The intensity of each symptom
is scored from O (absent) to 3 (severe). Symptoms that should
mandatorily be assessed include obstruction, sneezing,
rhinorrhea, nasal itching, and ocular itching. Chest tightness,
shortness of breath, cough, and wheezing should also be con-
sidered in patients with concomitant lower airway symptoms
[44, 45]. This is the best way for the measurement of the
efficacy of AIT that should be used in clinical practice as no
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laboratory parameter modified by AIT has shown a definitive
association with the course of clinical symptoms.

Allergen immunotherapy safety

The general conclusion of the experts is that AIT is a safe
treatment for allergic patients when properly administered
[46]. Adverse reactions to AIT may be local or systemic.
A classification of adverse reactions was updated by the
World Allergy Organization (WAO) in 2010 to standard-
ize reporting and to improve recognition of potentially
severe reactions such as anaphylaxis [47]. The local reac-
tion grading system for SLIT was described in 2013 [48].
Complete information about the classifications can be
found at Supplementary digital material 3.

The American College of Allergy, Asthma and
Immunology (ACAAI) noted 0.1% of systemic reactions
per dose in a study including more than 23 million
doses administered with only one fatal reaction [49].
Anaphylactic reactions were estimated at three per mil-
lion doses in patients with risk factors (bronchial asth-
ma) and at one per million doses in patients without
risk factors [50].

Weber et al., in a study including 12,895 patients, 2441
children, reported systemic reaction rates of 0.5% per
dose in adults and 1.2% in children [51]. Most systemic
reactions occurred within 30 min of administration and in
the buildup phase. Similar results were found in a group
of 581 children, although local and systemic reactions
occurring later than 30 min after injection were seen more
often than expected, which should be considered by pedi-
atricians and parents [52].

SLIT is safer than SCIT and can be administered at home,
while SCIT has to be administered by a specialist and requires
an observation period of at least 30 min. Systematic reviews of
SLIT administered to more than 5131 patients (1814 children)
reported local reactions in up to 79% of patients, while sys-
temic reactions only occurred after 0.056% of the adminis-
tered doses [53].

Table 5 lists several factors that have been reported as pos-
sible risk factors for systemic reactions to AIT, but only un-
controlled asthma at the time of AIT administration has been
shown to be a risk factor for systemic reactions [54]. In sup-
plementary material 1 main reference for safety information
are provided [55-61].

As conclusion, current guidelines on allergy diagnosis rec-
ommend a thorough clinical history as the first step, followed
by allergen extract testing using an in vivo prick test and/or an
in vitro specific IgE test. Molecular diagnosis is recommended
as a third step when previous tests are inconclusive.

The most important factors to decide the AIT treatment are
the actual intensity and duration of the patient’s symptoms and
the availability of appropriate AIT products for the patient’s
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Table 5 Risk factors for systemic reactions to allergen immunotherapy

Patient-related risk factors
Age
Bronchial asthma

Differences between adults and children not shown

Uncontrolled disease is a risk factor in SCIT Odds ratio 12.1 (95% CI 2.6-61; p<0.001)

in partially controlled asthma patients and
37.4 (95% C15.7-251.1; p<0.001) in
uncontrolled asthma patients [54]

More common in patients with asthma than in rhinitis alone  4.1% in patients with asthma and 1.1%

Previous local reactions  Local reactions with diameter greater than 25 mm

Systemic reactions
to previous doses

Premedication Antihistamines before AIT doses

Polysensitization No conclusive results [65]

Risk factors dependent
on the AIT extract

Type of extract

Type of allergen No allergen appears to be less safe

Risk of systemic recurrence requires dose adjustment

Modified extracts have lower systemic reaction
rates than those with native allergen extracts

if rhinoconjunctivitis alone [62]
No conclusive results seen

AIT dose must be adjusted in the startup phase [51]
There is inadequate evidence for dose adjustment

in the maintenance phase after a systemic reaction [63]
Decrease the frequency of local reactions
Decrease the frequency of systemic reactions

in cluster and rush regimens only [64]
More studies on the safety of

double or multiple AIT are needed

[10, 41, 42, 44]

[10, 41, 42, 44]

AIT allergen immunotherapy, SCIT subcutaneous immunotherapy

sensitization profile at high allergen concentrations and with
confirmed efficacy and safety from clinical trials. If the aller-
gen for which the patient is sensitized and symptomatic is not
available in an AIT product, AIT is not indicated. The general
conclusion is that AIT is an efficacious and safe treatment for
allergic patients sensitized to aeroallergens.
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