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The Allergen Challenge Chamber (ACC) is definitely a serious challenge on the one hand and an innovative solution
in allergic rhinitis diagnosis on the other. The gradual validation of the chamber (according to the test protocol) will
allow for standardisation, which is a process undertaken by centres worldwide. The process of designing a consist-
ent system that allows for creating conditions as those in the case of natural inhalation took into account all the
aspects (technical specification) necessary to ensure appropriate inhalation.
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Introduction

The mucous membrane of the nasal cavity produc-
es mucus as the first barrier to protect the human body
against the influence of bacteria, viruses, contamination
or indoor and outdoor allergens. Long-lasting exposure
to harmful factors results in the collapse of the immune
system’s first line of defence and the occurrence of in-
flammatory conditions. Undoubtedly, factors with the
strongest influence on the occurrence of allergic diseases,
including allergic rhinitis (defined as the inflammation of
the nasal mucous membrane manifesting such symptoms
as water discharge from the nose, nasal obstruction, itch-
ing, sneezing, discharge down the posterior wall of the
pharynx in the case of very profuse water discharge from
the nose) are indoor and outdoor allergens. The strongest
inhalant allergens include grasses, weeds, trees (on aver-
age, 1-40% of allergic rhinitis cases are related to allergy
to pollen), house dust mites and mould (1-13% indicate
the occurrence of chronic allergic rhinitis) [1]. Pollen (as
the male reproductive cell) is borne by the wind mostly,
and the type and quality of pollen are different in different
weather conditions, geographical locations and temper-
atures [2]. Both in Poland and Europe, pollen is the most

frequent cause of seasonal rhinitis [3]. The average size
of a pollen seed is 10-100 pm, which creates favourable
conditions for pollen to deposit on the mucous membrane
of the nose and in the conjunctival sac of the eye. For
a typical picture of the symptoms of seasonal rhinitis,
the concentration of pollen seeds in the air at 50/cm?
is sufficient [3]. Rapiejko and colleagues proved a close
relationship between nasal symptoms and the average
daily concentration of grass seeds in the air; 53 seeds/
cm?®in Warsaw (with considerable air pollution), 71 seeds/
cm? in Masuria (with low air pollution) and 36 seeds/cm?
in Katowice increase the risk of allergic symptoms. House
dust mites are a group of saprophytic arachnids with the
average length ranging from 0.1 to 0.5 mm and feeding
on the human epidermis [4]. House dust allergens (Py-
roglyphidae; Dermatophagoides pteronyssinus, Dermato-
phagoides farinae) measuring 10-20 um in diameter are
found mostly in stool lumps (enzymatic proteins found
it their digestive tracts) [1]. On average, 2 ug Der p 1 per
gram of dust is sufficient to cause allergic symptoms in
children. This is equivalent to 0.6 mg of guanine, while
10 ug Der p 1 per gram of dust raises the risk of asthma
in non-allergic persons [5]. Mould spores (Alternaria ten-
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uis, Cladosporium herbarum), due to their low molecu-
lar weight (3—10 um), are frequently responsible for the
need to hospitalise patients diagnosed with co-existing
bronchial asthma [6]. The most appropriate method for
evaluating the human body’s reaction to an allergen is
the nasal challenge test with an allergen (NCT), defined
as “a method for recovering the response of the upper
airways to natural exposure to allergens or irritants and
to do research into the pathophysiology of upper airway
diseases by testing potential biochemical mediators” [7].
The nasal challenge test involves measuring the subject’s
subjective sensations and using measures of objective
testing techniques which are subject to standardisation
attempts (Table 1) and determined in the early (within
30 min) and late (4-48 h) phases of the allergic reaction
[7, 8].

The usefulness of the NCT in the differential diag-
nosis of allergic rhinitis is emphasised in numerous
studies, and the specificity and sensitivity of the test,
compared to the bronchial challenge test, are 93% and
98%, respectively. In a group of patients with allergic
rhinitis and bronchial asthma, the NCT yields positive
results only in 32-58% of the patients (which indicates
local production of IgE on the mucous membrane of the
nasal cavity) [9].

Table 1. NCT measurement techniques [12]

In contrast, the negative result of the NCT with posi-
tive results of skin prick tests and sIgE tests contributes to
the development of allergic disease. The widely described
phenomenon referred to as united airways (bronchial re-
sponse (obstruction) to the NCT) exacerbates respiratory
system disease, which reaction can be observed in the
late phase of the test. The NCT is different from the natu-
ral process observed e.g. during the grass pollen season,
where patients are continuously exposed to allergens,
which contributes to the development of an advanced
inflammatory condition and non-specific hyperactivity of
the mucous membrane of the nasal cavity, with a dose
(of 5000 puB/ml) administered on a one-off basis, which
is significantly higher than that during the pollen season
[10]. Connell proved that the NCT performed at short in-
tervals leads to what is referred to as the priming effect
on the mucous membrane of the nasal cavity, and the
dose necessary to cause the reaction was 10-100 times
smaller than the standard one [11]. This is caused by
the infiltration of eosinophils and increased blood flow
through the (resistance) vessels of the nasal cavity.

Aim
It is therefore necessary to design and implement
a method that can be used to objectively verify the stim-

Objective and subjective techniques

Principle

Subjective techniques

Bachert’s scale of symptoms

0-3 points. The measurement covers the following nasal symptoms: nasal discharge,

sneezing, nasal patency, and the following non-nasal symptoms: eye watering, itching of
the palate, conjunctivitis, nettle rash, cough, breathlessness Hytonen

VAS
symptoms

A 10-cm horizontal line is used to measure, in percentage terms, the values of nasal

Objective techniques

Anterior rhinoscopy
of the nasal concha

This method measures the level of swelling and the congestion of the mucous membrane

Acoustic rhinometry*
nasal cavity

This is used to measure the nasal cavity by recording a picture of the cross-sections of the

Optical rhinometry*

(Emission spectroscopy) This method measures changes in blood flow through blood vessels

and the oxygen saturation of haemoglobin

Rhinomanometry*

This measures the resistance of the air flowing through the nasal cavity by measuring the

volume of air in a unit of time and the difference in pressure levels between the posterior
nares and the anterior nares

PNIF*

In this method, the subject breathes in as much air as he or she can into a specially designed

mask, with the mouth closed

Concentration of nitrogen oxide in the
air exhaled from the upper airways*

The patient breathes out the air calmly against resistance (at least 10 cm H,0) in accordance
with the American Thoracic Society’s principles

Concentration of reaction mediators,
including tryptase and ECP in the nasal
lavage fluid

This method measures the levels of inflammation mediators, e.g. Tryptase ECP

*Standardisation attempts.
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ulus — reaction observed under natural conditions in
a continuous and controlled manner. The Allergen Chal-
lenge Chamber (ACC) is definitely a serious challenge

on the one hand and an innovative soluti
rhinitis diagnosis on the other. The gradua

the chamber (according to the test protocol) will allow

for standardisation, which is a process u
centres worldwide (Table 2).
What are the benefits of the ACC?

— Controlled observation of the patient using objective
and subjective techniques; the early and late phases

of the allergic reaction.

— Observation and monitoring of the release of nasal in-

flammation mediators.

— Evaluation of the start and duration of the reaction as

a result of allergen inhalation.

— Determination of the mucous membrane reactivity limit

and the degree of symptoms.

— Observation not only with regard to the nose (lungs, con-
junctivas; measurements using objective techniques).

— Evaluation of the effectiveness of specific
apy.

— Evaluation of the effectiveness and safety
of anti-allergy medicines.

— Possibility of taking measurements unde
conditions.

— Minimisation of the costs of the test (6 subjects) com-
pared to an individual NCT in an outpatient setting.
The process of designing a consistent system that al-
lows for creating conditions as those in the case of natu-
ral inhalation took into account all the aspects (technical
specification) necessary to ensure appropriate inhalation
(Figure 1).

on in allergic
| validation of

ndertaken by

Room topography and building materials

The development plan for a clinical hospital in War-
saw locates an ACC on the first floor of the hospital
building, in the central part of the corridor. The testing
location will be a room of 12 sg m (3 m x 4 m, with a sus-
pended ceiling), constructed of polyethylene sheets (floor
thickness: 20 mm, side wall thickness: 20 mm, thickness
of the suspended ceiling (where a ventilation system
will be installed): 20 mm) with antistatic properties that
prevent the accumulation of allergens/pollen on the out-
er surface of the wall. Polyethylene sheets (Dehoplast®
PE-1000 AST, modulus of elasticity: 700, specific surface
resistance: < 10°) will be welded together, and the gaps
between the sheets will be filled with polyethylene foam
[13]. In addition, the entire ACC (Figure 1) will comprise:
a changing room and a bathroom for the subjects (to
minimise the risk of the allergen being carried on the

immunother-
of the effects

rany weather

Table 2. Technical properties of inhalation allergen chambers (based on Day et al.) [12]

Parameters VCC (Vienna EEU (UK) [12]  Allergy Center ~ VCC (Copenhagen) [14]  VCC (Atlanta) VCC (Hannover)
University (Vienna) [13] [15] [16]
Clinic) [11]
Area [m?] 13.78 303 21 5 360 47
Height [m] 2.7 2.74 2.8 2.6 3.6 2.8
Number of 14 160 24 1 150 18-25
subjects
Type of room A custom A custom A custom A portable tent A custom A custom
designed room  designed room  designed room designed room  designed room
in a hospital
Ventilation Air pumped 100% of Air pumped Vent filters, application Outdoor Outdoor
system into the room outdoor air into the room of an allergen by means ventilation ventilation with
through filtered by Farr through a ceiling- of a diffuser at a rate of at a rate of a HEPA filter
a ceiling- 30/30 and Farr  mounted system 4000-6000 I/h > 5 cfm/person
mounted system  Riga-Flo 200 and removed
and removed filters through the floor
through the floor
Dose 1500 seeds/m? 3500 500 1400 seeds/m? 50-100 ng/m?* Der p 1 3000-4500 1000-8000
(700-110 ng/m?) seeds/m? 90 ng/m*Derp 1 seeds/m? seeds/m?
20-110 ng/m?
Derpl
Allergen Bucard device, Rotorom Every 5 min A portable measurement  Bucard device, Rotorom device,
concentration  every 5 min device, every device installed in the every 30 min every 30 min;
monitoring 30 min filter a particle
method counter laser

device, every
minute
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Figure 1. ACC project

outer surface of the subjects’ clothes; after taking a bath
in the bathroom, the patient will put on clothes washed,
as a standard, in the hospital’s central laundry, including
a head protective cap), a sluice room as an extension of
the closed zone, and an observation room (equipped with
apparatus and an anti-shock first aid kit in accordance
with the procedures in place at the hospital).

The ventilation system

The ventilation system should ensure, as far as pos-
sible, the same concentration of the applied allergen in
the whole area used by people. Maximum air tightness
of the chamber should be ensured so that the air is sup-
plied to and removed from the testing room during the
test only by means of the mechanical ventilation system.
The system should prevent the release of the applied al-
lergens from the testing room into the adjacent rooms
and the surrounding area. There will be six chairs in the
central part of the room, in the air supply zone. Each of
the subjects will receive a hard copy version of the visual
analogue scale (VAS) to be able to measure their subjec-
tively perceived sensations during the test. The chamber
will not be equipped with any computers or other unnec-
essary equipment as these are a potential source of heat.
Doctor-patient communication will be ensured through
a microphone. The chamber is designed for up to 6 peo-
ple at a time. A separate mechanical supply and extract
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ventilation system will be designed for the purpose of
the inhalation chamber. Additionally, the chamber will be
equipped with an air conditioner to maintain the desired
temperature levels irrespective of when the test is carried
out. It is assumed that the ventilation system will supply
outdoor air at a rate of 180 m*/h (i.e. 30 m*/h per person).
The system will be designed to perform the following air
treatment processes: air filtration (G4 class filter), heat-
ing (an electric duct heater), air pumping (a duct axial
fan) and high efficiency filtration using a HEPA filter with
a prefilter. The air will be supplied at the top of the room
and extracted at the bottom. The air will be supplied
through ceiling-mounted swirl diffusers and extracted
through vent grates fitted on the wall at the bottom of
the room. The extract section of the system will include,
apart from the fan, a HEPA filter with a prefilter. The sys-
tem will not recover heat from the extracted air, as it is
economically unreasonable given the limited period of
using the ventilation system. In the process of designing
the system, the location of the fresh air inlet and the loca-
tion of the exhaust air outlet will be carefully considered
to minimise the risk of unintentional recirculation of the
exhaust air. During the work to adapt the existing room
to be used as an inhalation chamber, room pressure tests
will be performed using the blower door method. This
will allow for identifying and eliminating uncontrolled air
flow paths (pollution migration paths). The use of a ceil-
ing-mounted indoor cassette-type air conditioning unit is
recommended to additionally increase the intensity of air
mixing in the room, as this will help to ensure the same
concentration of the applied allergens in the whole room.

Nebuliser and the allergen dose

The system should provide effective allergen filtra-
tion to prevent allergens from entering the testing room
in the outdoor air coming into the room. The ‘dry’ air
supply diffuser will be equipped with a measuring de-
vice to diffuse the dose at a rate of 4000-6000 |/min in
the pollen exposure test. In the ‘wet’ diffusion part, an
ultrasound nebuliser (Tajfun2 MU2) will be used to dif-
fuse an allergen (Allergopharma) in the ACC. The allergen
concentration monitoring method discussed in section 5
will be based on the HIALINE (Health Impacts of Airborne

Allergen Information Network) programme.

Additional equipment

Additional equipment to measure temperature (21—
24°C), pressure (60 Pa) and air humidity (40-60%) levels.

Monitoring the concentration of the allergen
in the air inside the chamber

During the experiments, the parameters of the air
inside the chamber should be stable as far as practica-
ble. The concentration of the allergen in the air inside
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the chamber will be measured using the VPPT 2000 de-
vice manufactured by Lanzoni & Bucard. The device is
equipped with a tape that moves at a speed of 2 mm
per hour, sucking in 10 | of air per minute. The tape is cut
in sections and coloured with fuchsine to measure the
pollen seeds accumulating on the surface of the tape.
The result of the measurement is the number of seeds in
one cubic metre of air. The measurement will be repeated
at 5-minute intervals. The HEPA filters in the air exhaust
system will clean the air on the one hand and control the
allergen level on the other (controlling, for example, the
level of saprophytes for further measurements using the
ELISA immunoenzyme method). Alternate measurements
of the allergens/pollen dispersed by the ventilation sys-
tems at equal time intervals (14 days between sessions,
in accordance with the test protocol) as part of the ACC
validation process will allow for determining the thresh-
old value to be achieved in order to cause the desired
reaction in the patient during the test.

Procedure for keeping the testing room clean
and eliminating allergens from the testing room
after each testing session

Every time the testing room is washed, for 2 h, with
a cleaning agent (Glostrup, Ajax) that is neutral to al-
lergy patients and causes no abrasion to the surface of
ceilings, walls and floors made of polyethylene sheets,
the testing room will be ventilated by supplying fresh air
cleaned by HEPA filters, while keeping closed air circula-
tion for 45 min. An additional analysis of the HEPA filters
or of samples collected from the surface of the walls,
floor and ceiling of the testing room with the use of
a transparent tape and placed on a standard microscopic
slide for observation under a light microscope will allow
for verifying the degree of allergen elimination from the
chamber [13].

Test report

The need to design and implement the ACC solution
is justified for many reasons as mentioned earlier. In ad-
dition, given the risk of the so-called underdiagnosed
bronchial asthma, whose cause-and-effect relationship
with allergic rhinitis has been proved in many studies
(by Blair and Settipane: the symptoms of allergic rhini-
tis are more frequent in patients with bronchial asthma
(28-78%) than in subjects without asthma symptoms
(5-20%). In their study involving the use of an ECRHS
questionnaire, Leynaert et al. found asthma without rhi-
nitis in 1-6% of the subjects and asthma with rhinitis in
7.6-22.6% of the subjects), the need to develop a golden
standard for early diagnosis of such cases is additionally
emphasised [14-17].
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