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Abbreviations

AA = allergic asthma

AIT = allergen immunotherapy

BAC = bronchial allergen challenge
CAC = conjunctival allergen challenge
EAACI = European Academy of Allergy and Clinical Immunology
EAR = early asthmatic reaction

HDM = house dust mites

LAR = late asthmatic reaction

NAC = nasal allergen challenge

Mab = monoclonal antibody

SLIT = sublingual immunotherapy
SPT = skin prick test

T2 =type 2

Box 1: Glossary of terms

Atopy = genetic predisposition to develop IgE-driven immune responses towards

non-pathogenic environmental antigens (allergens). Atopyrepresents a risk factor for
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allergic diseases like allergic rhinitis, allergic asthma, atopic dermatitis or IgE-
mediated food allergy.

Atopic sensitisation: positivity of skin prick test and/or detectable serum specific IgE
(slgE) against allergens.

Allergic asthma = asthma phenotype driven by slgE-mediated inflammation, and
where the allergen is the main trigger of asthma symptoms.

Bronchial challenge(provocation) = A procedure to identify and characterise subjects
with hyperresponsive airways consisting on the inhalation of an agent known to
cause (or suspected of causing) a drop in lung function.

Local respiratory allergy = rhinitis or asthma symptoms driven by the allergen in a
subject without systemic atopic sensitization

T2 asthma = asthma endotype with evidence of a type-2 immune response driving
asthma pathogenetic features. Three major pathways account for T2 asthma: the Igk
pathway, the IL-5 pathway and the IL-4/IL-13 pathway together with the
contribution of resident cells (epithelium, mucus producing cells and airway smooth

muscle cells), neural inflammation and epigenetic mechanisms.
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Abstract

Allergic asthma (AA) is a common asthma phenotype and its diagnosis requires both the
demonstration of IgE-sensitization to aeroallergens, and the causative role of this sensitization as
a major driver of asthma symptoms. Therefore, a bronchial allergen challenge (BAC) would be
occasionally required to identify AA patients among atopic asthmatics. Nevertheless, BAC is
usually considered a research tool only, with existing protocols being tailored to mild asthmatics
and research needs (e.g. long washout period for inhaled corticosteroids). Consequently, existing
BAC protocols are not designed to be performed in moderate-to-severe asthmatics or in clinical

practice.

The correct diagnosis of AA might help select patients for immunomodulatory therapies. Allergen
sublingual immunotherapy is now registered and recommended for controlled or partially
controlled patients with house dust mite-driven AA and with FEV1>70%. Allergen avoidance is
costly and difficult to implement for the management of AA, so the proper selection of patients is

also beneficial.

In this Position Paper, the EAACI Task Force proposes a methodology for clinical BAC that would
need to be validated in future studies. The clinical implementation of BAC could ultimately
translate into a better phenotyping of asthmatics in real life, and into a more accurate selection

of patients for long-term and costly management pathways.

1. Introduction
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Allergic asthma (AA) is defined by the presence of atopic sensitisations in an asthma patient in
association with the allergen being a driver of asthma symptoms. AA is a common asthma
phenotype (1, 2) which is encountered across the lifespan, and across all asthma severity steps.
Moreover, atopic sensitisation is related to asthma severity and control (3-5). Nevertheless, not
every patient with asthma with sensitisation to an aeroallergen experiences asthma symptoms
upon exposure to the specific allergen. In patients sensitised to seasonal allergens or suffering
from intermittent symptoms, the clinical history often suffices to establish the relevance of
atopic sensitisations. Conversely, in patients with persistent asthma, with sensitisation to
perennial allergens or polysensitised, demonstrating the clinical relevance of atopic sensitisation
poses more difficulties. In some cases, the demonstration of the involvement of the allergen as a
major driver of asthma symptoms could be only achieved through in vivo provocations, such as
the nasal or the bronchial allergen challenge (NAC and BAC, respectively) (6). The BAC aims to

evaluate the response of the bronchi to a controlled inhaled allergen exposure.

Interest in clarifying the allergic triggers of asthma symptoms is mainly due to the possibility of
establishing personalized management strategies based on the pattern of allergen-specific
reactivity. Measures to control environmental exposure to indoor allergens (e.g. epithelia from
furry animals or house-dust mites) can control AA symptoms (7). Moreover, the identification of
allergic triggers of asthma might be paramount to decide on life choices (e.g. hobbies, place of
residence, pet keeping, etc.). On the other hand, new modalities of allergen immunotherapy
(AIT), such as sublingual tablets of house dust mite extract (HDM) (HDM-SLIT) registered as
pharmaceutical products, have demonstrated a robust capacity to improve critical asthma
outcomes (dose of inhaled corticosteroids (ICS) needed to maintain control, exacerbations, etc.)
(8, 9). Therefore, HDM-SLIT is now recommended by international guidelines for the treatment of
HDM-driven AA (10, 11). Unlike other AIT modalities requiring prior good asthma control to be
initiated, HDM-SLIT is recommended for patients with partially controlled asthma and with
forced expiratory volume in the 15t second (FEV;)270%,with the aim to facilitate asthma control.
Nevertheless, HDM-SLIT requires distinguishing between AA and asthma with atopic
sensitisation, as only patients with AA should receive AIT (10). The ability of the clinical history to

interpret atopic sensitizations in severe asthmatics is particularly limited, due to the severity and
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persistence of their symptoms. Moreover,>70% of severe asthmatics have positive skin prick

tests (SPT) to aeroallergens (2).

Despite these clinical needs, BAC is not currently recommended for daily practice, beyond the
diagnosis of occupational AA (14-16).This fact contrasts with the wider implementation of other
bronchial challenges (both direct and indirect provocations, see Table 1), which are routinely
performed to assess for airway hyperresponsiveness (AHR) as an essential step in asthma
diagnosis (17). Several factors can explain the differences in the clinical implementation of the
tests. Although bronchial challenges are always laborious procedures requiring appropriate
facilities and trained personnel (17), BAC needs a longer observation period due to the higher
possibility of a late asthmatic response (LAR) (14). Moreover,allergens can induce a more
profound bronchoconstriction than other stimuli (18). This aspect is particularly difficult because
asthma medication should be discontinued before bronchial challenges (17). Therefore,
according to current protocols, most atopic patients with moderate-to-severe asthma cannot

undergo BAC.

BAC is currently a standard tool for translational studies. Research BAC aims to alter lung
function to study the mechanisms of airway allergy (18), or analyse the effect of asthma
medication (19). Published studies mostly include mild asthmatics with a clinical history
indicative of AA who maintain asthma control without ICS for a period long enough to achieve
the required washout. Upon BAC, these subjects experience an early asthmatic response (EAR,
see section 5 for definition). In some patients, the EAR is followed by a LAR (see section 5 for
definition) (20). Interestingly, the frequency of LAR is allergen-specific, ranging from 15% for
pollens to 75-90% for HDM (21). Research BAC has been paramount to demonstrate that
therapies blocking the inflammatory pathways of AA increase the allergen dose eliciting an EAR
and inhibit LAR (22-43). In this regard, LAR is considered the most useful parameter to evaluate
the effect of most anti-inflammatory asthma drugs (Figure 1). Research studies show that ICS
greatly affect the occurrence and extent of LAR, whereas their influence over EAR is less
pronounced. Therefore, there is little flexibility in the washout period for ICS in research BAC

protocols.
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For clinical BAC, shorter washout periods could be considered because the occurrence of EAR
suffices to establish the positivity of the test. Moreover, shorter washout periods would favour
the maintenance of control in moderate-to-severe asthmatics, and they would also decrease the

frequency and extent of LAR (44), thus facilitating BAC implementation in the clinic.

In this position paper, a group of experts on bronchial and allergen challenges and AA analyse the
available literature on the topic, and identify the methodological aspects of BAC that should be
re-examined to facilitate its clinical implementation beyond occupational asthma. These
methodological modifications should be validated in future studies in order to progress with the

implementation of BAC in daily practice.
2. Indications

The indication of clinical BAC would be to investigate the capacity of an allergen to induce an
asthmatic response in a patient sensitised to that allergen when the history is not conclusive
regarding the clinical relevance of the sensitization. This clarification would be particularly useful
in asthma patients on ICS/long-acting B2 agonists (LABA) who continue having symptoms
suggestive of AA, as it can guide a different therapeutic approach (e.g. AIT, allergen avoidance

measures like alpine altitude climate therapy, etc.) to achieve and maintain asthma control.

Bronchial allergen-specific reactivity has also been described in patients with local allergic rhinitis
(negative for SPT and serum allergen-specific (s)IgE but with symptoms driven by the allergen)
(45-47). Although local allergic rhinitis and asthma are not yet well-validated phenotypes, NAC

and BAC would be required to diagnose patients with these conditions.
3. Contraindications

The absolute and relative contraindications proposed for clinical BAC are presented in table 2

4. Proposed methodology for clinical BAC
4.1. Preliminary considerations
Clinical BAC should always be performed in a setting fully equipped for pulmonary lung testing

and with capability to quickly manage a possible adverse reaction.

This article is protected by copyright. All rights reserved



Previous spirometry conducted during a period of controlled disease would be required to
demonstrate that the patient can perform correct manoeuvres (6, 14).

Hour of the day

BAC should start early in the morning (14).

Exposure to environmental allergens

For pollen allergens, BAC should be performed outside the pollination season. For perennial
allergens, BAC should be conducted at the moment of minimal allergen burden (6, 14, 18). In
polysensitised patients, BAC should be performed when the patient does not report symptoms
(conjunctival, nasal or bronchial) that could be attributable to other allergens he/she is allergic to
(6, 18).

Acclimation period

The patient should arrive at the clinic 30 minutes before the test is started. No significant efforts
(running, cycling, etc.) should be done the morning of the test (17).

Washout period for asthma drugs

All drugs approved for asthma treatment affect allergen-induced bronchial responses and
inflammation (28, 51-54) (Figure 1). Moreover, oral antihistamines also attenuate EAR (27). ICS
greatly affect the magnitude of LAR, AHR, and sputum eosinophilia in a dose-dependent manner
(14, 28, 52-54). Therefore, research BAC requires ICS discontinuation for 2-4 weeks prior to the
test. However, the capacity of ICS to dampen EAR nearly disappears 12 hours after treatment
administration on average, although significant intra-class variability exists (55). Therefore, a
shorter withdrawal period (e.g.24 — 48 hours for ICS) could be considered for clinical BAC. The
same rationale applies to all relevant antinflammatory anti-asthmatic drugs.

Therefore, this position paper proposes evaluating the following approach in future studies:
Scenario 1

If patients tolerate the withdrawal of asthma medication (they remain controlled and FEV; is
>70%), the washout periods should be those indicated in the “optimal” column of table 3 (14, 51,
55, 56).

Scenario 2

In patients who lose asthma control and/or experience a drop in FEV,<70% upon withdrawal of

asthma controller medication, the washout periods could be shortened up to the limits indicated
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Ill

in the “minimal” column of table 3 (6). The washout periods should be as close to the optimal
period as the patient tolerates. To limit false negative results when following this approach we
suggest to interpret the results as described in section 5.

4.2 Allergen extracts and doses

Wherever available, allergen extracts specifically manufactured for bronchial challenge should be
used (57). In any case, they should be standardised. Extracts are usually commercialized as
lyophilised powder to be reconstituted with a diluent (e.g. 0.9% saline solution) before
administration. Allergen extracts manufactured for SPT are not recommended for BAC, because
they are glycerinated and can irritate the respiratory mucosa (58). Some researchers have used
dilutions of AIT tablets to perform NAC (59), but this approach has not been tested for BAC.

In mild asthmatics and when a modern dosimeter device is used for inhalation, it is safe and
reproducible to start with a dose of 10 standardised biological units (SBU) followed by four
doubling concentrations (cumulative dose: 10, 30, 70, 150 and 310 SBU). This 5-dose protocol
can be applied safely to patients with baseline FEV; 82-120% in order to induce an EAR (44). If
the allergen content is not provided in SBU, the starting concentration can be determined by
endpoint titration of SPT (1/10000, 1/1000, 1/100, 1/10 and 1/1 dilutions). BAC would be
initiated with the lowest concentration inducing a 23-mm wheal, followed by the inhalation of
doubling concentrations or of concentrations following a geometric progression, up to 1/1 (14).
This approach also offers additional safety guarantees and should be prioritized in moderate-to-
severe asthmatics.

4.3 Procedure for delivering the inhaled allergen

An incremental high-dose provocation is recommended for clinical BAC, because a bolus
provocation would require a prior incremental screening challenge (60), and repeated low-dose
BAC are more time consuming. Before allergen administration, a baseline spirometry should be
performed, followed by a diluent inhalation (same solution used to reconstitute the allergen
extract). A second spirometry should be conducted 10 minutes after the end of the inhalation
(14). If the diluent challenge is negative (post-diluent FEV, is >80% of baseline measurement),
allergen concentrations are administered at 12-minute intervals with spirometry measured in
duplicate 10 minutes after each consecutive allergen dose. The use of dosimeter (e.g. Misty

Max© or Wright© disposable nebulizer with an output of 0.13 mL/min) is preferred over jet
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nebulizer (e.g. DeVilbiss 646) because of the lower access of the allergen-containing aerosols
fromthe room environment. Nevertheless, both methods are equally reproducible (14, 61). Both
tidal breathing (e.g. 2-minute breathing/allergen dose) and counted breath dosimeters can be
used to inhale the allergen (61, 62).

4.4 Observation during and after allergen inhalation.

The subject should never be left unattended during the challenge procedure or during
observation period (14).

Positive test (EAR occurs, see section 5):

In clinic observation

As soon as EAR is detected the patient should be treated with inhaled salbutamol (2 puffs of
metered-dose inhaler (MDI) using a spacer device) every 20 minutes for 1 hour and with 0.5-1
mg/kg of oral prednisone or equivalent. After 1 hour, a full clinical assessment should be
performed and spirometry should be repeated. If FEV1 is <90% of post-diluent measurement, 4-
10 puffs of salbutamol should be administered (alternatively, a nebulization of 5 mg/2 ml of
salbutamol can be considered). If reversibility is not achieved after 20 minutes, intramuscular
epinephrine (0.3-0.5 mg) should be given at the same time that the emergency response team
(ERT) is contacted for transfer to ICU. The ERT should also be called at any point during BAC
protocol if the patient is agitated, confused or drowsy, uses accessory respiratory muscles while
having a silent chest, and/or has a heart rate >120 bpm, or a respiratory rate >30/min (Figure 2).
It is important to note that the management of EAR responses proposed in this position paper is
meant to be applied in a heterogeneous population of asthmatics and in the clinic. BAC
performed for research purposes includes mostly mild asthmatics. Thus, inhaled salbutamol is
not always administered after EAR is detected and oral corticosteroids are avoided in order to
preserve LAR. The differences between clinical and research protocols are based on safety
considerations and on the different goals of each BAC modality.

Patients responsive to salbutamol (FEV,<10% lower than pre-allergen post-diluent measurement)
can be discharged when clinically stable (14). Before the patient leaves the clinic, the physician
should check the inhaler technique and all patients should be given a written action plan and a
kit containing oral prednisone for a 5-day course, ICS/formoterol inhaler and a peak expiratory

flow (PEF) device to monitor their lung function hourly during the 24 hours following allergen
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inhalation (excluding sleeping hours). The physician should also check that the patient has
sufficient amount of their regular asthma medication (6, 14).

At home observation

Individuals should be instructed to restart taking their regular controller medication during the
evening of BAC day, and to perform extra inhalations of ICS/formoterol (regardless of the drugs
used as controller medication) as reliever (11) whenever symptoms occur (maximum 2 puffs
every 20 minutes for 1 hour). In case of symptoms, patients should also measure PEF every 30
minutes. If awakenings occur during nighttime due to asthma symptoms, patients should
measure PEF immediately before performing ICS/formoterol inhalations. If LAR persists (see
section 5) in two consecutive measurements or symptoms do not disappear with the maximum
ICS/formoterol dose, the patient should be instructed to call the responsible physician and/or

attend the Emergency Room (49).
Negative test: EAR did not occur (see section 5)
In clinic observation

Scenario 1 (symptoms do not occur during the 3 hours following allergen inhalation): the patient

can be discharged.

Scenario 2 (symptoms occur during the 3 hours following allergen inhalation): the patient should
be treated as described below for positive tests, and is discharged when clinically stable.
Nevertheless, the test is not considered positive, and the physician might decide to repeat the

BAC in a new appointment.
At home observation

Same recommendations as for patients experiencing EAR apply. In case of symptoms or LAR (see
section 5) during home observation, the test is not considered positive, as isolated LAR are
unlikely associated with IgE-dependent mechanisms. The physician might decide to repeat BAC in

a new appointment.

4.5 Measurement of inflammatory biomarkers
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When the optimal washout period for antiasthma drugs is not achieved, fractional exhaled nitric
oxide (FeNO) should be measured prior to the pre-diluent spirometry. In case of inconclusive BAC
results (see section 5), the patient is advised not to restart the regular asthma therapy until a
second FeNO measurement (24 hours after BAC) is conducted (21, 63). The quantification of
blood or sputum eosinophils at baseline and 24 hours after allergen inhalation (52, 60, 64) might
also help interpret inconclusive results, yet an increase of blood eosinophils does not always
follow positive BAC, while sputum cytology is not readily available in all clinical settings (46).
When the optimal washout period for asthma drugs is achieved or BAC results are unequivocal,

the measurement of inflammatory biomarkers is optional.

Figure 3 shows a diagram with the proposed methodology for clinical BAC.
5 Readouts:

5.1. Change in respiratory symptoms

Although positive BAC frequently induces cough, wheezing or dyspnoea there is no validated
score allowing an accurate interpretation of the test without considering changes in airway

function.
5.2. Change in airway function

FEV:

Optimal washout period of asthma drugs was achieved:

Positivity criteria: occurrence of EAR

EAR would be defined as a drop in FEV; 220% as compared to pre-allergen post-diluent
measurement, and occurring up to three hours following allergen inhalation. EAR usually occurs
within ten minutes, peaks between ten and 30 minutes and resolves within two hours after
allergen inhalation (65). FEV, is the preferred read-out to monitor BAC because it excels in
evaluating the obstruction of the large airways, the main event driving EAR.

Of note, the occurrence of LAR does not define BAC positivity (66). LAR is defined as a drop in
FEV, 215% as compared to pre-allergen post-diluent measurement and occurring three-to-seven
hours after allergen inhalation (14).

Shorter than optimal washout period for asthma drugs was achieved
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Positivity criteria: occurrence of EAR.

Same cut-off point as in the previous protocol, but the test is considered inconclusive if FEV; falls

15-20% within three hours after allergen inhalation. In this case, two mutually non-exclusive

approaches could be followed:

1. To consider the test positive if FeNO increases with 17.5 ppb 24 hours after BAC.

2. To repeat the test on a separate day and consider BAC positive if two consecutive borderline
results are observed.

Of note, with this protocol, it would not be possible to evaluate the occurrence of LAR (18).

The observation period and managementof inconclusive results would be the same as cases with

confirmed EAR.

Other spirometry parameters:

PEF is not as sensitive as FEV; for EAR monitoring (60, 67-70). For logistical reasons, the use of

PEF is acceptable for LAR monitoring. A drop 220% or an absolute reduction of >80 L/min as

compared to pre-allergen post-diluent PEF measurement and occurring after three hours

following allergen inhalation have been proposed as cut-off points for LAR identification (69).

These cut-off points have better specificity (92-93%) than sensitivity (61-71%) (60, 67-70).

FEF,s.;5 and FEFsg do not bring any significant advantage over FEV, (71, 72) and do not have

validated cut-off points for EAR or LAR diagnosis.

Parameters measured by impulse oscillometry:

Although FEV; is superior for EAR evaluation (71), impulse oscillometry (10S) indexes (R5-R20)
might be an alternative for patients unable to perform reliable spirometry manoeuvres.

However, no clear cut-off point has been validated for EAR interpretation (73).
5.3. Change in airway responsiveness

Direct bronchial challenges: a one- to two-fold decrease in the methacholine or histamine
concentration inducing >20% fall in FEV1 (PCy) in the 24 hours following allergen exposure is
usually observed in patients with positive BAC. Thus, comparing the PC,y before and after BAC
provides another useful tool for BAC interpretation (14, 18). Nevertheless, considering that it
would require three consecutive visits to the clinic, this approach is not recommended for

routine practice.
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Indirect bronchial challenges: airway responsiveness to mannitol or adenosine monophosphate
decreases (74) 3 to 24 hours (75) after positive BAC, probably due to the depletion of mast cells

mediators. Therefore, indirect provocations are not useful for BAC interpretation.
5.4. Change in inflammatory biomarkers

A previous study demonstrated that an increase >17.5 ppb in FeNO 24 hours after bronchial
challenge with high molecular weight sensitizers displays an optimal sensitivity and specificity for
the diagnosis of occupational AA (76). Importantly, the washout period for ICS in this study was
72 hours. Although the overall value of FeNO to monitor bronchial challenges with occupational
agents is controversial, a FeNO increase is consistently seen in patients with positive bronchial
challenges with high molecular weight sensitizers (mostly subjects with occupational AA) (77).
Therefore, a 217.5 ppb increase in FeNO could be used as positivity cut-off point for patients who

do not achieve the optimal washout period of asthma drugs and display borderline results.

The increase of sputum eosinophils after positive BAC has been shown for decades (65, 78).
Although a 2.2% increase in sputum eosinophil counts is more sensitive than FeNO for the
identification of positive BAC (79), cytologic evaluation of sputum is not yet widely adopted in
the clinic. On the other hand, the increase in peripheral blood eosinophils is not consistently

observed after positive BAC (80).

6 Safety

Despite being well-tolerated in most cases, BAC can occasionally induce life-threatening
bronchoconstriction (81). Moreover, BAC is performed in subjects with mild AA following long
washout periods for ICS. Therefore, it is currently unknown how BAC would be tolerated in a
heterogeneous population of patients with asthma in the clinic. For additional safety guarantees,
a peripheral venous access can be secured before BAC initiation. Although no case has been
described following respiratory exposure, aeroallergens can rarely trigger anaphylaxis after

ingestion (82).
6.1. Safety requirements to treat adverse events following BAC

Setting: a hospital is preferred over outpatient clinic, yet the limiting factor is <30-minute

distance to ERT.

This article is protected by copyright. All rights reserved



Personnel: BAC must be conducted by a competent physician supported by a trained
nurse/technician. All members of the team should be trained in resuscitation methods and in the
management of acute bronchoconstriction and anaphylaxis.

Emergency equipment: written protocols for bronchoconstriction, anaphylaxis and resuscitation
together with ERT phone number should be close-at-hand. Moreover, emergency equipment
must be available on site including: a) a ready-to-use oxygen source and mask and pulse
oximeter; b) a nebulizing device; c) inhaled and intravenous bronchodilators (both short-acting
B2 agonist and anti-cholinergic); d) oral and parenteral corticosteroids; e) cardiopulmonary
resuscitation equipment, intravenous fluids (plasma expander and normal saline), intramuscular
and intravenous epinephrine, oral and intravenous antihistamines, needles, and syringes.

6.2 Safety requirements to protect healthcare professionals and other patients from infection,

sensitisation or allergen-driven symptoms

Patients: national/regional guidelines should be followed. In some cases, a prior negative PCR or

rapid antigen test for SARS-CoV-2 for patients undergoing spirometry is required.

Setting: Simultaneous challenges should not be performed in the same room (even if different
devices are used) and a complete air exchange of the room is required between different
patients and every 30 minutes (14). Exhaust or fume hoods or high-efficiency particulate air
(HEPA) cleaners constitute another option (14, 83). Automated UVC sterilisation might also be

used.

Personnel: health care professionals conducting BAC must wear a face filtering piece (FFP)2/FFP3
respiratory mask or a mask equipped with HEPA filter, face shields or goggles, and nitrile gloves.
BAC equipment: a dosimeter equipped with a validated expiratory filter should be used for
allergen inhalation, because this method is associated with a lower access of the aerosols to the
room environment, as compared to jet nebulizers (14, 61, 84). Moreover, the use of breath-
activated devices can further limit environmental pollution.

7 Reproducibility

Many aspects influence BAC outcome including the baseline condition of the patient,
environmental exposures in previous days (85), allergen dosing and the type of the aeroallergen.

Other important aspect is the time interval between consecutive BACs, or between BAC and
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other bronchial or allergen provocations. The minimal interval recommended between

consecutive challenges would be:

- Between consecutive BAC or between BAC and an environmental allergen challenge with the
same or different allergen: 4 weeks (86).

- Between BAC and indirect bronchial challenge: 3 weeks (17, 52, 54, 64, 87).

- Between BAC and direct bronchial challenge: 2 weeks (83).

- Between BAC and nasal or conjunctival challenges with the same or different allergen: 1

week (6, 58, 88).

When controlling for all these factors, BAC has a good reproducibility in mild asthmatics (89). The
dose eliciting EAR in a patient subjected to consecutive bronchial challenges with the same
allergen remains within a two-fold variation (87), with an excellent (0.80) intra-class correlation
coefficient (ICC) demonstrated for the percentage fall in FEV; during the three hours following
allergen inhalation (86). Moreover, a good-to-excellent (0.60-0.77) ICC has been described for
LAR, whereas a good (0.60) ICC was reported for sputum eosinophilia seven hours after allergen

inhalation (90).
8 Proposal for integrating BAC in the care pathways of asthma patients sensitised to HDM

Several studies investigated serum HDM-sIgE cut-off points for the identification of atopic
asthmatics displaying positive BAC results. Nevertheless, neither the sensitivity nor the specificity
of these cut-off points was optimal (91, 92). Therefore, further studies are required to evaluate

whether a certain level of serum HDM-sIgE can replace BAC for the diagnosis of HDM-driven AA.

The presence of rhinitis is a risk factor for asthma onset, and this association is particularly strong
in allergic individuals (93). Interestingly, a nasal endoscopy in asthma patients without rhinitis
symptoms often reveals signs of nasal inflammation (94), whereas the performance of NAC in
allergic rhinitis individuals without asthma induces an eosinophilic inflammation detectable in
the bronchoalveolar lavage (95). In this regard, NAC could be a useful tool to phenotype the
inflammatory disease affecting the airways regardless of its organ-specific manifestations
(conjunctivitis, rhinitis and asthma). Of note, 83-89% of atopic asthmatics with rhinitis who

tested positive to the nasal challenge with HDM have positive BAC results (46, 96). The NAC is a

This article is protected by copyright. All rights reserved



safe and reproducible technique (97, 98) with a validated methodology (58) and defined cut-off
points for positivity (99). Moreover, challenge protocols are considerably shorter than those of
BAC (58, 100). The conjunctival allergen challenge (CAC) was also proposed to phenotype nasal
inflammatory disease (101), and validated protocols for its clinical use have been recently
published (88, 102). Nevertheless, no study has investigated to date the correlation between BAC

and CAC results. Table 4 shows a comparison between the features of CAC, NAC and BAC.

In asthma patients sensitised to HDM who suffer from concomitant rhinitis, NAC could precede
BAC for the evaluation of the clinical relevance of HDM sensitisation. In the case of a negative
NAC, a bronchial provocation with HDM can be considered. Figure 4 shows a proposal for a step-

based approach for the diagnosis of HDM-driven AA.

The correlation between distinct organ-specific challenges might vary with different allergens. In
this regard, a study performing nasal, bronchial and environmental challenges, found little
correlation between upper and lower airway responses in cat-allergic individuals. Nevertheless,
NAC in this study was not monitored by the objective measurement of nasal patency, and not all
individuals included suffered from asthma (103). The relationship between CAC, NAC and BAC
with different allergens should be investigated further to evaluate the capacity of each test to

diagnose AA.
9 Unmet needs for the clinical implementation of BAC

Currently, BAC is only conducted in research settings for subjects with mild AA (14) where
allergen doses usually different from natural exposure are administered. The allergen
concentration eliciting EAR is patient-specific and sometimes achieved at supra-physiological
doses (40, 104). Therefore, uniform dosing protocols and the use of >20% fall in FEV; as cut-off
point for positivity might not be optimal to identify AA among the heterogeneous populations of
asthmatics in the clinic. Thus, there is a need to validate BAC protocols administering allergen
doses similar to natural exposure, and identify clinically relevant read-outs with corresponding

cut-off points.

Allergen-induced responses can be life-threatening, and especially LAR might prove difficult to

manage as it might occur after the patient is discharged. Because research BAC is more
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frequently performed in adults, safety information does not exist for children, although limited
evidence is available (15). Moreover, the safety of BAC in moderate-to-severe asthmatics was not
investigated. Withholding controller medication in moderate-to-severe asthmatics requires
extreme caution, while not withholding medications might confound the interpretation of the

test.

The number of centres regularly conducting research BAC is <20 world-wide. These centres have
extensive experience and highly trained staff able to identify the early signs of EAR, LAR, and
anaphylaxis, and to initiate immediate and adequate treatment. Given the risk of losing asthma
control after BAC, these centres count also on high standards for patient follow-up and
availability of medical assistance after the test. The translation of these requirements to a

healthcare system and to a busy asthma clinic will pose many difficulties.

These limitations should be addressed carefully in order to support the implementation of clinical

BAC.
Conclusion

The number of immunomodulatory therapies available for asthma is continuously increasing.
However, these treatments are only cost-efficient in selected patients displaying specific
features. Thus, there is a need to increase the number of clinical tools able to phenotype both
mild and moderate-to-severe asthmatics in daily practice. An unmet need in the clinic is the
correct diagnosis of AA, a step required to establish the indication of AIT. Moreover, the
development of an objective tool to diagnose AA will support the reimbursement of AIT products

by healthcare systems.

Due to both safety and cost-efficiency concerns the use of BAC has been restricted to research
purposes to date. In this position paper, the EAACI Task Force reviewed existing literature to
propose methodological modifications for BAC to be conducted with diagnostic purposes in the
daily clinic. Given that the occurrence of EAR suffices to establish the positivity of BAC, the Task
Force proposes to investigate the diagnostic performance for AA of clinical BAC protocols with a

considerably shorter washout period for ICS. This approach represents a research priority to be
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evaluated in future studies. Moreover, the capacity of NAC and CAC to identify AA patients

among atopic asthmatics is also worth of investigation.

In summary, the implementation of BAC protocols in the asthma clinic would support a more
accurate characterisation of asthma patients with variable severity and control, potentially
increasing the success rates of immunomodulatory therapies like AIT. However, before
introduction, the safety profile evaluation should be prioritised and facilitated by a competent
training curricula in allergen challenges for the clinician. Challenge protocols should be further
aligned, standardised and validated, and tailored to the concept of precision medicine. Disease
registries accumulating high-quality real world evidence both on the cost-effectiveness and the
safety of the implementation of BAC protocols for phenotyping AA are of utmost importance to

move the field forward.
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Figure legends

Figure 1: Early and late asthmatic responses during a positive bronchial allergen challenge and
the different drugs with a known effect (or lack of effect) on both responses, airway
hyperresponivenes and sputum eosinophilia. Allergic subjects experience a drop in FEV1 10-15
minutes after allergen inhalation. This early response is driven by the activation of mast cells and
basophils (through IgE-medicated mechanisms) and neutrophils, which leads to the constriction
of smooth muscle in the large airways. Early asthmatic response usually resolves within 3 hours.
Some allergic patients also develop a later drop in FEV1 which is driven by inflammatory
phenomena (recruitment and activation of group 2 innate lymphoid cells (ILC2), Th2 cells, IgE-
producing B cells and eosinophils) together by the activation of the bronchial epithelium. The
frequency of the late asthmatic response is allergen-specific and ranges from 15% for seasonal
pollens to 85-90% for house dust mites. The late asthmatic response usually peaks 7 hours after
allergen inhalation and the fall in FEV1 can be more profound than during the early response.

LTC4: leukotriene C4; PGD2: prostaglandin D2; TSLP; thymic stromal lymphopoietin.
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Figure 2: Proposed management of early asthmatic responses after bronchial allergen challenge.
This algorithm is also amenable for patients experiencing positive diluent challenge or symptoms
after a negative bronchial allergen challenge. Bpm: beats per minute; ERT: emergency response
team; MDI: metered-dose inhaler; PEF: peak expiratory flow; FEV1: forced expiratory volume in
the 15t second

Figure 3: Proposed protocol for bronchial allergen challenge and subsequent observation
periods. FeNO: fractional exhaled nitric oxide; ICS: inhaled corticosteroids; ERT: emergency
response team; FEV1: forced expiratory volume in the 15t second; MDI: metered-dose inhaler;
PEF: peak expiratory flow; SABA: short-acting B2 agonist.

Figure 4: Proposed algorithm for the diagnosis of house dust mite-driven allergic asthma. AIT:
allergen immunotherapy; FeNO: fractional exhaled nitric oxide; HDM: house dust mites. Modified
from reference number 10 with permission from the author.

Table 1: Comparison of the different bronchial challenges

Table 2: Absolute and relative contraindications for clinical bronchial allergen challenge. AIT:
allergen immunotherapy.

Table 3: Optimal and minimal washout periods for all relevant medications before bronchial
allergen challenge. IL-5R: receptor for IL-5; IL-4/13R: receptor for IL-4 and IL-13. *The periods
indicated are mainly based on expert consensus.

Table 4: Comparison of the different allergen challenges in the clinic. FeNO: fractional exhaled

nitric oxide; PNIF: peak nasal inspiratory flow.
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Table 1

Procedure Method Indication Strength Weakness
Methacoline or | Inhalation of incremental doses of methacholine | Direct Diagnosis of airway hyperresponsiveness, defined as High sensitivity and negative Sensitivity decreases with inhaled
histamine or histamine until the concentration (PC20) or an increased sensitivity and exaggerated response to predictive value for asthma corticosteroids.
challenge the effective delivered dose (PD20) inducing a non-allergenic stimuli that cause airway narrowing diagnosis: very useful to rule out Lower specifity than mannitol for asthma
220% fall in FEV1 is reached, or the maximal asthma diagnosis: not as good to confirm asthma
dose has been inhaled. Lower sensitivity for exercise-induced
bronchoconstriction.
Cannot differentiate between
inflammation-induced and intrinsic
bronchoconstriction.
Exercise Exercise through an ergometer or treadmill | Indirect Diagnosis of exercise-induced bronchoconstriction High specificity for exercise- | Lower sensitivity than direct challenges
challenge while breathing dry cold air (eg performing the Differential diagnosis of exercise-related symptoms induced bronchoconstriction for asthma diagnosis
test in an air-conditioned room at 22°C and a
relative humidity of <50%), until the patient
reaches the target heart rate/minute ventilation
in order to check whether there is a decline in
FEV1 during the 30 minutes following the test
Eucapnic The patient performs voluntary hyperpnoea for | Indirect Diagnosis of exercise-induced bronchoconstriction High specificity for exercise- | Lower sensitivity than direct challenges
voluntary 6 minutes while inhaling dry air supplemented Differential diagnosis of exercise-related symptoms induced bronchoconstriction for asthma diagnosis.
hyperpnoea with 4.9% carbon dioxide to prevent hypocapnia
Hypertonic Inhalation of 4.5% sterile saline which is given | Indirect Diagnosis of airway hyperresponsiveness High specificity Lower sensitivity than direct challenges
saline for increasing durations of time until the longest
challenge duration is administered, or there is a 215% fall
in FEV1 (PD15)
Adenosine Inhalation of incremental AMP solutions during | Indirect Diagnosis of airway hyperresponsiveness High specificity Lower sensitivity than direct challenges
monophospate 2 minutes at tidal breathing, or through a 5- Stronger relatinship with
(AMP) challenge | breath dosimeter until a 220% fall in FEV1 occurs bronchodilator response and
(PC20), or the solution with the maximal inflammation-induced
concentration has been inhaled bronchoconstriction
Mannitol Capsule-based dry powered inhaler device that | Indirect Assessment of the severity of High specificity Lower sensitivity than direct challenges
challenge is used to deliver increasing doses of mannitol airway hyperresponsiveness Stronger relationship with
until the effective delivered dose of mannitol inflammation-induced
causing a 215% fall in FEV1 (PD15) is reached, or bronchoconstriction
the maximal dose has been inhaled. Can be used to monitor treatment
effect
Allergen Inhalation of incremental doses of an allergen | Indirect Diagnosis of allergic asthma Gold standard for the | Insufficient standardisation
challenge until the dose inducing an early 220% fall in identification of the allergic | High frequency of late asthmatic

FEV1 is reached or the maximal allergen dose
has been inhaled

triggers of asthma symptoms

responses
Not evaluated in moderate and severe
asthma
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Table 2

Absolute contraindications

Relative contraindications

Patients with uncontrolled or partially controlled
asthma (diurnal symptoms >2 days/week, nocturnal
symptoms/awakenings >1 day/week, use of rescue
medication 22 days/week, any limitation to regular
activities, exacerbation requiring oral corticosteroids for

>5 days in the previous three months) (48, 49).

Patients who cannot discontinue temporarily the intake
of non-selective B blockers.

Patients who cannot perform reproducible spirometry
manoeuvres (alternatively, impulse oscillometry can be

considered).

Patients with FEV,<70% (50) despite optimized anti-

asthma therapy.

Patients with uncontrolled and/or unstable cardiac,
respiratory  (other than  asthma), metabolic,

immunologic, oncologic or systemic disease.

Patients who lose control or cannot keep a FEV, >270%
during the minimal washout period for antiasthma

drugs.

History of anaphylactic reaction to subcutaneous AIT or
following the ingestion of aeroallergen (allergen-

specific contraindication).

Pregnant women

Patients who have an absolute contraindication for the
administration of inhaled B2 agonists, corticosteroids or

epinephrine.

Inability to cooperate (21) (only age-related

contraindication).

Confirmed or suspected COVID-19 or other respiratory

infections




Table 3

Inhaled medications

Minimal withdrawal time*

Optimal withdrawal time*

Short-acting $2-agonists 6 hours 8 hours
Long-acting 2-agonists 48 hours 72 hours
Ultra-long-acting B2-agonists | 72 hours 72 hours
Short-acting anticholinergics | 6 hours 8 hours
Long-acting anticholinergics 72 hours 72 hours
Corticosteroids 24 hours 4 weeks
Cromones 4 hours 24 hours

Systemic medications

Minimal withdrawal time

Optimal withdrawal time

Corticosteroids 8 weeks 8 weeks
Antihistamines 7 days 10 days
Leukotriene receptor 72 hours 8 weeks
antagonists or leukotriene

synthesis inhibitors

Metylxanthines 24 hours 24 hours
Anti-IgE monoclonal 6 months 6 months
antibodies

Anti-IL-5, anti-IL-5R and anti- | 8 weeks 6 months

IL-4/13R monoclonal
antibodies
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Table 4

Conjunctival allergen challenge

Nasal allergen challenge

Bronchial allergen challenge

Indications

Diagnosis of allergic conjunctivitis in patients
with a mismatch between symptoms and IgE-
sensitisation tests.

Choice of allergen immunotherapy (AIT) extract
in polysensitized allergic patients

Monitoring the efficacy of AIT

Identification of allergic triggers in patients with
atopic or vernal keratoconjunctivitis

Diagnosis of allergic rhinitis in patients with a
mismatch between symptoms and IgE-
sensitisation tests.

Choice of AIT extract in polysensitized allergic
patients

Monitoring the efficacy of AIT

Diagnosis of local allergic rhinitis and
occupational allergic rhinitis

Diagnosis of allergic asthma in patients
with a mismatch between symptoms and
IgE-sensitisation tests.

Diagnosis of occupational allergic asthma

Washout period for relevant
drugs

Topical medications: 48 hours-4 weeks
Systemic medications: 5 hours-4 weeks

Nasal medications: 48 hours-5 days

Systemic medications: 48 hours-3 weeks

Inhaled medications
Minimal: 6-24 hours
Optimal: 8 hours-4 weeks

Systemic medications
Minimal: 4 hours-8 weeks

Optimal: 24 hours-6 months

Room conditions

Controlled environment (20+1.5°C and 40-60% humidity) not contaminated by other substances (e.g.

precautions for infectious aerosols

methacholine, other allergens, etc.) and

Control test

Unilateral instillation of saline solution (NaCl
0.9%) while allergen solution is instilled in the
contralateral eye

Bilateral application of isotonic pH neutral non-
irritant solution prior to allergen administration

Usually, the same diluent used to prepare the
allergen solutions is administered.

Inhalation of isotonic pH neutral non-
irritant solution prior to allergen
inhalation

Usually, the same diluent used to prepare
the allergen solutions is administered

Delivery of the allergen

Instillation of eyedrops (alternatively a
micropipette can be used) in the inferior
external quadrant of bulbar conjunctiva of 1 eye
while occluding the nasolacrimal duct

The instillation of several increasing allergen
concentrations is recommended.

The instillation of 1 allergen/session is
recommended.

Bilateral application through pump-metered
aerosol spray, micropipette or impregnated disk

The administration of a single dose of undiluted
allergen is recommended for the daily practice,
except for the monitoring of AIT efficacy

The administration of one allergen/session is
usually recommended, yet there is a validated
protocol for multiple allergen provocation.

Inhalation using a dosimeter at tidal
breathing or through counted deep
breaths.

The inhalation of 5 increasing allergen
concentrations is recommended.

Only 1 allergen/session can be
administered

restricted to nasal symptoms
Late reactions are very rare

A 2-hour observation period at the hospital is
recommended after a positive test

spray or micropipette, the test is an extremely
safe technique, even in asthmatic patients

Late reactions are very rare

1-hour observation period at the hospital is
recommended after a positive test

Monitoring Evaluation of conjunctival redness, itching, Combination: FEV1 as measured by forced spirometry
tearing and edema by Abelson score or total Symptom score: visual analogue scale, total (alternatively impulse oscillometry
ocular symptom score (TOSS) nasal symptom score, Linder score, Lebel score indexes)

Objective evaluation of nasal patency: PNIF, Inflammatory biomarkers (FeNO) can
acoustic rhinometry, active anterior assist in some cases
rhinomanometry, 4-phase rhinomanometry

Safety parameters Extremely safe technique with adverse reactions | When the allergen is administered by aerosol Profound and treatment-resistant

bronchoconstriction can occur, even
though the procedure is generally well-
tolerated.

15-90% of patients develop late reactions
(the frequency is allergen-specific)

7-hour observation period at the hospital
is recommended after a positive test

Reproducibility

92% for house dust mites and grass pollen?
Not measured for other allergens

Interclass correlation coefficient (ICC) for TNSS:
0.78. ICC for acoustic rhinometry: 0.66-0.892

ICC for FEV1:0.803

References:
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Figure 2

Early asthmatic response

Severity signs (any of the following)
Are severity The patient is agitated, talks in words, uses
4@ signs present? accessory muscles, and/or is confused and drowsy.

l The chest is silent.

Heart rate is >120 bpm.

Respiratory rate is >30/min.

PEF and/or FEV1 <50% of baseline measurement.

. J

2 puffs of inhaled salbutamol (MDI+spacer device)
every 20 minutes for 1 hour and a single dose of
oral corticosteroid (30 mg prednisone or equivalent)

!

[ Is FEV1 >90% of

post-diluent FEV1? \CS Discharge & Home observation

.

A 4
Epinephrine
0.3-0.5 mg IM 4-10 puffs of inhaled
[ ) salbutamol (MDI+spacer
Transfer to ERT m Are severity ]_> device) OR salbutamol
- signs present? nebulization (5 mg/2 mL)

l

[ Wait 20 minutes ]

| Is FEV1 is >90% | 1
- of post-diluent FEV1?
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Check if the patient meets requirements (indications, contraindications, washout periods, previous spirometry with
adequate manoeuvre) and that preparations (room condition, protection of personnel, emergency kit and dilution of
allergen extracts) have been completed.

CLINIC

30 minute time to acclimate AIIe_rgen inhalation ) o .
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OR guided by skin prick test end-point titration
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[ Wait 3 hours or until symptoms occur ]

v
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of baseline FEV1? ’ m drop >20% of the Spirometry in duplicate
post-diluent FEV1

Stop the test and reschedule a new visit. ]

v
Allergic asthma is

. . Asthma with allergic sensitisation (the allergen
confirmed Positive Test Negative Test

is not a relevant trigger of asthma symptoms)

¥

[ Treatment and management as described in figure 2 ]4—“4—[ Is the patient symptomatic? ]

Transfer to ERT

Patients meets criteria for discharge

Check inhalation technique. Provide the patient with a written action plan and with a kit containing a PEF, oral steroids for
a 5-day course (1 mg/kg/day) and ICS/formoterol. Check the patient has sufficient amount of regular asthma controller medication.

Discharge the patient

Restart previous
asthma controller medication

Call the responsible physician

Do symptoms persist or is
Attend the Emergency Room PEF<80% of post-diluent PEF? |

Inhaled 2 puff of ICS/formoterol.
Repeat twice with 20-minute interval
with previous PEF measurement if
needed.

Measure
PEF

\ 4
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HOME
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CLINIC
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Asthma symptoms (shortness of breath, chest tightness, wheezing, cough)

Spirometry with brochodilator test
Non-specific airway Consider
hyperresponsiveness test alternative diagnosis
Peak expiratory flow variability
FeNO
4
Yes Does the patient have asthma? ]
) Skin prick test, serum allergen-specific IgE
Characterize P BEN-SP &

Component-resolved diagnosis
Comorbidities: rhinitis, atopic dermatitis, food allergy

the atopic status

v

Is the patient sensitized to HDM
Ves Is th_e clinical history
suggestive of HDM allergy?
Yes [ Inconclusive ]

_ﬂ Nasal challenge Neaa
ostive with HDM egative
( Bronchial challenge
ositive | with HDM

Negative

N\

Asthma with house dust
mite sensitization

House dust mite-driven
allergic asthma

Consider HDM AIT added to
regular controller treatment

Regular controller treatment

This article is protected by copyright. All rights reserved





