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TITLE: MOBILE CHAMBER APPARATUSES AND RELATED METHODS

FIELD

[0001] The present disclosure relates to mobile enclosures. The present
disclosure also relates to apparatuses for and methods of studying allergy and

allergic asthma in humans.

BACKGROUND

[0002] The following paragraphs are not an admission that anything

discussed In them is prior art or part of the knowledge of persons skilled in the
art.

[0003] Allergy results when an allergic patient is exposed to an allergen
for which they are sensitized. In the allergic individual, this may lead to early
and late phase responses, which result in localized and systemic Inflammation,
and ultimately the allergy signs and symptoms of rhinitis and conjunctivitis are
typical. The common nasal symptoms of rhinitis include nasal congestion,
itchiness, runny nose and sneezing. The typical ocular symptoms of
conjunctivitis include ocular hyperemia, itching and tearing. These symptoms
have been shown to impact the day-to-day quality of life of its sufferers, and are
known to have a socioeconomic impact. Allergic asthma i1s a more serious
condition which involves the lower respiratory tract and may result in long-
standing lung function disabllity, and even death.

[0004] Globally, allergy prevalence is increasing. Medications that may
better address the underlying mechanisms of allergy and asthma are needed.
In order to test anti-allergy medications towards approval for marketing, clinical
trials need to be performed. The United States Federal Drug Agency (FDA)
Indicates that drugs approved for allergy need to demonstrate safety and
efficacy In the treatment of allergy. This process requires that drugs are tested
In three different phases: Phase |, Phase ||, and Phase [ll. In order that drugs
are well evaluated, it Is important that testing i1s done In a non-biased fashion

and In such a way that drugs are tested on enough patients to be
representative of the general allergic population. As the drug progresses
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through the testing phases, studies become larger and often involve thousands
of patients to be studied across many geographic and climatic regions and

countries.

[0005] In allergy studies, the amount of symptoms that patients’ exhibit

tends to be directly related to their allergen exposure. There may be variability
In the allergen exposure of different patients as allergen exposure is dependent
on patient lifestyle, everyday environment, and, in the case of seasonal
allergens (such as plant pollens like ragweed pollen), the natural level of
allergen released. For seasonal allergens, a patient's allergen exposure may
depend on their job type, for example, If they work daily in the office, allergen
exposure may be lower than a patient who works as a gardener and is exposed
to pollen release daily for long durations. The natural amount of allergen Is
further affected by climatic conditions, such as barometric pressure,
temperature and rainfall. Taken together, there I1s even greater variapbility in

patient symptoms and may result in difficulty assessing the true effect of drugs

across different populations, locations and climates.

[0006] Allergen immunotherapy as a regulated therapy is a relatively
recent treatment therapy which works to alter the underlying mechanisms of
allergy. Since allergen immunotherapy is typically specific for one allergen type,
and patients are often poly-allergic to multiple allergens which overlap in their
release seasons, this adds to the complexity of immunotherapy testing. Further,
perennial allergens, such as dust mite and cat allergens, are persistently
released In some allergic patients’ homes. Many patients are allergic to both
seasonal and perennial allergens. Thus, despite the potential of allergen
Immunotherapy, the difficulty in assessing the effectiveness of immunotherapy
therapy in one allergen type given the potential for vanability in exposure poses

a barrier to their true testing.

[0007] In response to this potential variability amongst patients and their
daily allergen exposures during drug testing clinical trials, fixed facilities or
allergen exposure rooms have pbeen built in which airborne allergen levels are

controlled and airborne allergen exposure to patients i1s also controlled.
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Typically, allergic patients who have a history of allergy to a specific allergen
and a positive skin prick test to the same allergen are first screened with an
allergen challenge in an allergen test facility for adequate symptom levels. This
allows for an actual demonstration of allergy symptoms within the facility to be
assessed by the patient or the investigator with symptom score cards, as well
for various objective tests to be performed while the patients are in-house, such

as nasal patency using acoustic rhinometry.

[0008] Some facilities accommodate dozens of patients in a theater-like
configuration, and thereby allow the simultaneous testing of many patients
ensuring consistency of allergen exposure across patients. Patients who are
eligible from the screening session In the allergen chamber retum to the
chamber later, typically after a period of time greater than one week later (after
the allergy symptoms have subsided). Patients are again challenged with
allergen exposure In the test facility and either tested prophylactically or for

treatment effect after symptom development In response to various test

medications.

[0009] Individual responses and responses on average across a number
of patients may be reproducible In the fixed allergen facility. This Is an
advantage over traditional field trial approaches, where patients are included in
the clinical trial on the basis of medical history of allergy and without the actual
demonstration of adequate symptoms that may be observed and rated directly
within an allergen challenge test system by both the patient and the observer.
In general, In a fixed allergen facility, patients are exposed to allergen at levels
similar to that encountered on a peak pollen day and result in the provocation
of patient allergy symptoms. Drugs which act prophylactically or after

symptoms develop may be tested with these facilities.

[0010] Fixed allergen exposure facilities have been built to study allergy
patients. For example, in 1999, Dr. Piyush Patel created the Environmental
Exposure Chamber (EEC) model for study of allergic patients in Mississauga,
Canada, and greater than 50 allergy and asthma studies have been conducted

In the facllity.
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[0011] Furthermore, International Publication No. WO/2007/140601

discloses a method, materials and apparatus for investigating asthma
using dust mite allergen in an environmental exposure chamber, and

International Publication No. WQO/2010/099625 discloses a method and
chamber for exposure to non-allergic rhinitis trigger environments.

10012] The Center for Biologies Evaluation Research of the FDA in
their evaluation and guidelines for allergen specific immunotherapy testing
have indicated their openness to consideration of muiticenter allergen
challenge test center studies. However, there remain difficulties
standardizing existing fixed chambers. For example, one facility may be
shown to have an allergen tolerance of +500 pollen grains per cubic meter
air, while another may have a tolerance of £1000 pollen grains within sites
within the test chamber. These differences in pollen levels may result in
different levels of symptom response in the same patient. Furthermore,
the varied proprietary designs of the chambers may preclude
harmonization, and could dictate large rebuilds and expenditures even if it
were possibie to retrofit to provide similar spatial and temporal validation
characteristics of allergen exposure to patients.

INTRODUCTION

[0013] The following paragraphs are intended to introduce the
reader to the more detailed description that follows and not to define or
limit the claimed subject matter.

10014] In summary then, the research described above may not
provide the capability to allow for a mobile allergen test system, which
controls consistent levels of naturalistic airborne allergen exposure to
patients. A mobile allergen test system that allows for accuracy and
precision of drug testing, not only within one study site but also done at
multiple centers in diverse locations, but also that will result in
reproducible results across different studies conducted over different
years or many countries or globally, is desirable. This may permit an
ability to compare study findings directly for each drug tested, and
ultimately to be able to compare directly between medications to assess

CA 2990815 2019-04-26
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relative drug risk benefit profiles important to patient treatment and drug

regulation.

[0015] The present disclosure pertains to apparatuses for and methods
of studying allergy and asthma in a safe and reproducible manner that may
allow patient screening to recruit patients effectively who are truly symptomatic
to the allergen tested, a consistent allergen exposure for all patients in the
study, and a uniform and naturalistic level of control of airborne allergen

exposure to control type and amount of allergen exposure applied safely.

[0016] According to an aspect of the present disclosure, a mobile
chamber apparatus may include: a support structure including a plurality of
Inflatable support members; and a chamber assembly Including a top wall, a
pbottom wall, and at least one side wall coupled between the top and bottom
walls. In an Iinstalled state, the support structure may be coupled to the
chamber assembly and may support the chamber assembly so that the top

wall, the bottom wall and the at least one side wall enclose an interior space.

[0017] The apparatus may further include a plurality of connectors for

detachably coupling the support structure and the chamber assembly.

[0018] At least a portion of the plurality of inflatable support members
may Include at least one transverse section, and the plurality of connectors
may include first connectors that couple the transverse section to the top wall.
The first connectors may include a plurality of cable elements, each of the
cable elements fixed to and extending between an Interior side of the
transverse section and an exterior side of the top wall so that the top wall Is at
least partially suspended from the transverse section. The cable elements may

be spaced apart generally along a length of the transverse section.

[0019] At least a portion of the plurality of inflatable support members
may Include at least one upright section, and the plurality of connectors may
Include second connectors that detachably couple the upright section to the at

least one side wall. Each of the second connectors may Include: at least one
sleeve mounted to one of the upright section and an exterior side of the side
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wall: at least one base mounted to the other of the upright section and the
exterior side of the side wall, and at least one elongate rod member that
couples the base and the sleeve. The base and the sleeve may each slidingly
recelve the rod member. The at least one sleeve may be mounted generally
along a height of the side wall, and the at least one rod member may extend
generally along the height of the sidewall. The second connector may include a
plurality of bases spaced apart generally along a height of the upright section,
and the sleeve may Include a plurality of openings, each of the plurality of
openings positioned correspondingly to a respective one of the plurality of
bases, the openings facilitating connection between the at least one rod

member and the plurality of bases.

[0020] The apparatus may further include a plurality of spacer elements
coupled between the plurality of inflatable support members. Each of the
spacer elements may extend between and is fixed to an adjacent pair of the
plurality of Iinflatable support members. Each of the spacer elements may
Include first and second ends that are each detachably connected to a
respective upright section of the adjacent pair. At least a portion of the spacer
elements may be coupled to the at least one side wall. The plurality of
connectors may include third connectors that detachably couple the spacer
element to the at least one side wall. The third connectors may include
releasable loops that are fixed to the at least one side wall and receive the

spacer element.

[0021] Each of the plurality of inflatable support members may include
first and second elongate upright sections, and at least one transverse section
extending between upper ends of the first and second upright sections. The at
least one transverse section may include first and second elongate transverse
sections, an outer end of each transverse section coupled to the upper end of a
respective upright section. Inner ends of the transverse sections may be
coupled together, and each of the first and second transverse sections may be
Inclined upwardly between the outer and inner ends. For each of the plurality of

Inflatable support members, the upright and transverse sections may be linked



CA 0299%0815 2017-12-20

WO 2015/192201 PCT/CA2014/050589

_7 -

In fluid communication so that inflation of one of the sections causes inflation of
each section. The support structure may further include a plurality of
longitudinal sections that extend between the transverse sections. Each of the
plurality of inflatable support members may be linked In fluild communication by
the plurality of longitudinal sections so that inflation of one of the plurality of
Inflatable support members causes inflation of each of the plurality of inflatable

support members.

[0022] The plurality of side walls may include a left side wall, a front side
wall, a right side wall, and a back side wall. Each of the side walls may have
generally equivalent width dimensions. The apparatus may further include at
least one Inlet disposed between an adjacent pair of the side walls for
delivering a supply airflow to the interior space. The chamber assembly may
further include a plurality of chamfered walls, and each of the plurality of
chamfered walls may be arranged between an adjacent pair of the side walls.
For each of the plurality of chamfered walls, an angle between the chamfered
wall and each of the side walls of the adjacent pair may be substantially less
than 90 degrees. The angle may be approximately 45 degrees. Each of the
plurality of chamfered walls may have generally equivalent width dimensions,
and the width dimension of the chamfered walls may be smaller than the width
dimension of the side walls. The apparatus may further include at least one
Inlet disposed In at least one of the plurality of chamfered walls for delivering a
supply airflow to the interior space. The apparatus may further include at least
one outlet disposed In the top wall for delivering a return airflow from the

Interior space.

[0023] The chamber assembly may further Iinclude an airlock
subchamber, at least one first door arranged between an exterior of the
chamber assembly and the airlock subchamber, and at least one second door

arranged between the airlock subchamber and the interior space.

[0024] The chamber assembly may be formed of at |least one fabric
material that provides a barrier to air and moisture, and provides a generally

continuous seal between the top wall, the bottom wall, and the plurality of side
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walls. At least a portion of the chamber assembly may be formed of an

electrostatically dissipative material.

[0025] The apparatus may further include at least one mechanism for

iIntroducing an allergen into the interior space.

[00206] The apparatus may be combined with an environmental control
unit for delivering a supply airflow to the interior space having at least one of a
controlled temperature and humidity. The environmental control unit may

deliver a return airflow from the interior space.

[0027] According to an aspect of the present disclosure, a kit of parts
may Include: a plurality of inflatable support members, each of the plurality of
iInflatable support members Including at least one transverse section and at
least one upright section; a top wall; at least one side wall; a plurality of first
connectors for coupling the transverse sections to the top wall; and a plurality
of second connectors for coupling the upright sections to the at least one side
wall. In an installed state, the transverse sections may support the top wall and

the upright sections may support the at least one side wall so that the top wall

and the at least one side wall enclose an interior space.

[0028] According to an aspect of the present disclosure, a method of
Installing a mobile chamber apparatus may include: at a first location, providing
a support structure including a plurality of inflatable support members; at the
first location, providing a chamber assembly including a top wall, a bottom wall,
and at least one side wall coupled between the top and bottom walls; coupling
the plurality of Inflatable support members to the chamber assembly; and
inflating the plurality of inflatable support members so that the support structure
supports the chamber assembly and the top wall, the bottom wall and the at

least one side wall enclose an interior space at the first location.

[0029] The step of inflating may be carried out subsegquent to the step of
coupling.
[0030] The step of coupling may include coupling transverse sections of

the plurality of inflatable support members to the top wall. The step of coupling
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may Include fixing a plurality of cable elements between the transverse

sections and an exterior side of the top wall.

[0031] The step of coupling may include detachably coupling upright
sections of the plurality of inflatable support members to the at least one side
wall. The step of coupling may include sliding an elongate rod member to be
received by a base mounted to one of the upright section and an exterior side
of the at least one side wall and a sleeve mounted to the other of the upright

section and the exterior side of the at least one side wall.

[0032] The method may further include connecting a plurality of spacer
elements to the plurality of Inflatable support members, each of the spacer
elements extending between and fixed to an adjacent pair of the plurality of
inflatable support members. The step of connecting may include detachably
connecting each of first and second ends of the spacer element to a respective
upright section of the adjacent pair. The step of connecting may Iinclude

connecting at least portion of the spacer elements to the at least one side wall.

[0033] The method may further include, for each of the plurality of
Inflatable support members, linking upright and transverse sections In fluid
communication so that, in the step of inflating, inflation of one of the sections

causes Inflation of each section.

[0034] The method may further include linking the plurality of inflatable
support members In fluid communication by a plurality of longitudinal sections
so that, In the step of inflating, inflation of one of the plurality of inflatable

support members causes Inflation of each of the plurality of inflatable support
members.

[0035] The method may further include delivering a supply airflow to the
interior space. The at least one side wall may include a plurality of side walls,
and the supply airflow may be delivered to at least one Inlet disposed between
an adjacent pair of the plurality of side walls. The at least one side wall may

Include a plurality of side walls, and the supply airflow may be delivered to at
least one inlet disposed in a chamfered wall arranged between an adjacent pair
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of the plurality of side walls. The method may further include cleaning the
supply airflow and controlling at least one of temperature and humidity of the

supply airflow.

[0036] The method may further include delivering a return airflow from

the interior space. The return airflow may be delivered from at least one outlet

disposed in the top wall.

[0037] The method may further include introducing an allergen into the
interior space. The method may further include exposing at least one human

patient to the allergen in the interior space. The method may further include

assessing the exposure of the at least one human patient to the allergen.

[0038] The method may further include: decoupling at least a portion of
the plurality of Inflatable support members from the chamber assembly:;
deflating the plurality of Inflatable support members; transporting the support
structure and the chamber assembly to a second location remote from the first
location; inflating the plurality of inflatable support members; and coupling the

at least a portion of the plurality of inflatable support members to the chamber

assembly.

[0039] According to an aspect of the present disclosure, a mobile
chamber apparatus may include a support structure, and a chamber assembly.
In an installed state, the support structure may support the chamber assembly
so that the chamber assembly encloses an interior space. The apparatus may

be combined with an environmental control unit for delivering a supply airflow to

the interior space.

[0040] The combination may further include a plurality of inlets In a
generally symmetrical arrangement for delivering the supply airflow to the
iInterior space from the environmental control unit. The chamber assembly may
Include a plurality of side walls, and each of the side walls has generally
equivalent width dimensions. The chamber assembly may further include a

plurality of chamfered walls, and each of the plurality of chamfered walls may
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be arranged between an adjacent pair of the side walls. At least one of the

plurality of inlets may be disposed in each of the plurality of chamfered walls.

[0041] The environmental control unit may deliver a return airflow from
the interior space. The combination may further include a plurality of outlets in a
generally symmetrical arrangement for delivering the return airflow to the
environmental control unit from the interior space. The plurality of outlets may
be positioned above the plurality of inlets. The chamber assembly may include

a top wall, and the plurality of outlets may be disposed in the top wall.

[0042] The combination may further include at least one mechanism for

iIntroducing an allergen into the interior space.

[0043] According to an aspect of the present disclosure, a method may
Include: at a first location, installing a mobile chamber apparatus including a
support structure supporting a chamber assembly so that the chamber
assembly encloses an interior space; at the first location, coupling an
environmental control unit to the apparatus to deliver a supply airflow to the

Interior space; introducing an allergen into the interior space; and exposing at

least one human patient to the allergen In the interior space.

[0044] The supply airflow may be delivered to the interior space in a
generally symmetrical manner. The method may further include, at the
environmental control unit, delivering a return airflow from the interior space.
The return airflow may be delivered from the interior space In a generally
symmetrical manner. The return airflow may be delivered from the interior
space at a position above where the supply airflow I1s delivered to the interior
space.

[0045] The method may further include, at the environmental control unit,
cleaning the supply airflow and controlling at least one of temperature and

humidity of the supply airflow.

[0046] The method may further include: transporting the mobile chamber
apparatus and the environmental control unit to a second location remote from

the first location; at the second location, Installing the mobile chamber
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apparatus so that the chamber assembly encloses the interior space; at the
second location, coupling the environmental control unit coupled to the
apparatus for delivering a supply airflow to the interior space; introducing an
allergen into the interior space; and exposing at least one human patient to the
allergen in the interior space.

[0047] Other aspects and features of the teachings disclosed herein will
become apparent, to those ordinarily skilled in the art, upon review of the

following description of the specific examples of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0048] The drawings included herewith are for illustrating various
examples of apparatuses and methods of the present disclosure and are not

Intended to limit the scope of what Is taught in any way. In the drawings:
Figure 1 is front perspective view of a mobile chamber apparatus;

Figure 2 18 a rear perspective view of the mobile chamber

apparatus of Figure 1;

Figure 3 I1s front perspective view of a chamber assembly of the

mobile chamber apparatus of Figure 1;
Figures 4 and 5 are detailed views of portions of Figure 1;
Figure 6 1s a detailed view of a portion of Figure 2;
Figures /7 and 8 are detailed views of portions of Figure 4;

Figures 9, 10 and 11 are front, side and top views, respectively, of

the mobile chamber apparatus of Figure 1;

Figure 12 1s a top view of components of an environmental control

unit (ECU) coupled to the mobile chamber apparatus of Figure 1;
Figure 13 is a schematic drawing of the ECU,

Figure 14 Is a front perspective cutaway view of the mobile

chamber apparatus of Figure 1, showing an interior space thereof; and
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Figure 15 Is a top schematic view of the interior space of the

mobile chamber apparatus of Figure 1.

DETAILED DESCRIPTION

[0049] Various apparatuses or methods will be described below to
provide an example of an embodiment of each claimed invention. NoO
embodiment described below Iimits any claimed invention and any claimed
Invention may cover apparatuses and methods that differ from those described
below. The claimed inventions are not limited to apparatuses and methods
having all of the features of any one apparatus or method described below or to
features common to multiple or all of the apparatuses or methods described
pelow. It Is possible that an apparatus or method described below IS not an
embodiment of any claimed invention. Any Iinvention disclosed in an apparatus
or method described below that is not claimed in this document may be the
subject matter of another protective instrument, for example, a continuing
patent application, and the applicant(s), inventor(s) and/or owner(s) do not
Intend to abandon, disclaim or dedicate to the public any such invention by its
disclosure In this document.

[0050] Referring to Figures 1 and 2, a mobile chamber apparatus is
llustrated generally at 20. The apparatus 20 includes a support structure 22.
The support structure 22 includes several inflatable support members 24. The
apparatus 20 further incluges a chamber assembly 26. In the example
lllustrated, the support structure 22 is external of the chamber assembly 26,

and supports the chamber assembly 26 In an installed state.

[0051] Referring to Figure 3, the chamber assembly 26 is shown to
Include a top wall 28, a bottom wall 30, a left side wall 32, a right side wall 34, a
back side wall 36 and a front side wall 38. The side walls 32, 34, 36, 38 are
shown to extend between the top and bottom walls 28, 30, and define an

allergen test chamber 40 having an interior space 42.

[0052] In the example Illustrated, the chamber assembly 26 further
Includes chamfered walls 44. Each of the chamfered walls 44 |1s shown
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arranged between an adjacent pair of the side walls 32, 34, 36, 38. The
chamfered walls 44 are arranged at an angle (e.g., angle 46) relative to the
side walls 32, 34, 36, 38, which may be substantially less than 90 degrees, and
may be approximately 45 degrees. This design may help to ensure adequate
allergen mixing within the interior space 42 with reduced corner resistance.

[0053] In the example illustrated, each of the side walls 32, 34, 36, 38
has an equivalent width dimension (e.g., width dimension 48), and each of the
chamfered walls 44 has an equivalent width dimension (e.g., width dimension

50), with the chamfered walls 44 being much smaller than the side walls 32, 34,
36, 38.

[0054] In the example Illustrated, the chamber assembly 26 further
includes a top wall 52, a bottom wall 54, a left side wall 56, a right side wall 58
and a front side wall 60. The side walls 56, 38, 58, 60 are shown to extend
between the top and bottom walls 52, 54, and define an airlock subchamber 62
having an interior space 64. The airlock subchamber 62 may allow for the
retention of allergen within the allergen test chamber 40, and this may be
assisted by a slight pressure gradient maintained between the interior spaces
42, 64. The airlock subchamber 62 may also be used to house work stations to
assist with the allergen testing, e.g., for acoustic rhinometry, slit lamp exam, or

blood taking.

[0055] A first door 66 Is shown arranged In the front side wall 60 for
accessing the interior space 64 of the airlock subchamber 62 from the exterior
of the chamber assembly 26. A second door 68 Is shown arranged In the front
side wall 38 for accessing the interior space 42 of the allergen test chamber 40.
The doors 66, 68 may be selected to provide roughly an air tight and moisture

tight seal between the different environments.

[0056] The front side walls 38, 60 are also shown to include windows /0.
The windows may allow for clinical monitoring of patients within the interior
spaces 42, 64 for patient compliance to instructions for symptom assessment

and drug dosing The windows 70 may be formed of PVC or other reduced-
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static materials, optionally with antistatic coatings to prevent or at least reduce

allergen accumulation.

[0057] The chamber assembly 26 may be formed of several pieces of
fabric material that provides a barrier to air and moisture, and the various walls
may be joined to one another in a suitable manner (e.g., with an adhesive,
stitching, heat welding and/or ultrasonic welding) in order to provide a generally
continuous seal between the pieces. In some examples, the top walls 28, 52
may be formed of a single piece of fabric material, or they may be separate
pieces and joined in a suitable manner. Similarly, the side walls 56, 38, 58, 60
and the chamfered walls 44 may be formed of a single piece of material that
extends about the periphery of the allergen test chamber 40, or they may be

formed of several pieces of material joined together.

[0058] In any case, the fabric material may be non-porous to provide a
barrier to air and moisture so that the environment within the interior space 42
of the allergen test chamber 40 may be carefully controlled. Furthermore, the
chamber assembly 26 may be formed of a lightweight, flexible, durable and fire
retardant material. Moreover, at least a portion of the chamber assembly 26
may be formed of an electrostatically dissipative material, to prevent the build-
up of static charge in the interior space 42 of the allergen test chamber 40, and

furthermore this material may be grounded.

[0059] By way of example, and not intended to be limiting, for forming
the chamber assembly 26 the inventors have had satisfactory results using a
PVC reinforced fabric material with electrically dissipative properties, sold
under the name SOLEIL SOLE-PLAST™ (Naizil S.p.A. of Campodarsego,
Italy). The inventors have also found that ultrasonic welding of this material to
form the chamber assembly 26 produces consistent and precise connections

between the various components.

[0060] Referring to Figure 1, each of the support members 24 are shown
to Include transverse sections 72. The transverse sections 72 are shown to be
elongate, generally cylindrical iIn shape with a hollow Interior, and extend

generally in a first horizontal or transverse direction 74. Each of the support
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members 24 are also shown to Include upright sections 76. The upright
sections 76 are shown to be elongate, generally cylindrical in shape with a
hollow Interior, and extend generally in a vertical direction 78. Each of the
support members 24 are shown to extend generally in the transverse direction
/4, and are spaced apart from one another In a second horizontal or

longitudinal direction 80.

[0061] Referring to Figure 9, the support members 24 are shown to each
Include two transverse sections 72 and two uprights sections 76, thereby
defining an upside-down, U-shaped structure. In the example illustrated, sizing
of the support members 24 is varied, with the support members 24 surrounding
the allergen test chamber 40 being significantly larger than the support

members 24 surrounding the airlock subchamber 62 (Figure 3).

[0062] For each of the support members, the hollow interiors of the
sections 72, /6 may be linked In fluid communication so that inflation of one of
the sections causes inflation of each section. This may help to simplify inflation
because only one inflation point may be necessary to inflate the entire support
member 24. However, it may still be desirable to have more than one inflation
point, depending on the volume of air required to Inflate the entire support

member 24.

[0063] In the example illustrated, each of the upright sections extends
between a lower end 82 resting on a ground surface 84, and an upper end 386
spaced apart from the lower end 82 Iin the vertical direction 78. The upright
sections /6 are each shown to span the full height 92 of the chamber assembly
26. An outer end 88 of the transverse section 72 is connected to the upper end

86 of the respective upright section /6.

[0064] In the example illustrated, an inner end 90 of the transverse
section 72 1s spaced apart from the outer end 838 In the transverse direction 74,
and is connected with the inner end 90 of the other transverse section 72 of the
support member 24. A portion of the transverse sections 72 are shown to span
the full width 94 of the chamber assembly 26 (Figure 11). Each of the
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transverse sections 72 are also shown inclined upwardly between the outer and

Inner ends 88, 90, which may help to distribute load to the upright sections 76.

[0065] Referring to Figures 10 and 11, the support structure 22 i1s shown
to further include longitudinal sections 96. The longitudinal sections 96 are
shown to be elongate, generally cylindrical in shape, and extend generally In
the longitudinal direction 80 between the transverse sections 72. In the
example illustrated, the longitudinal sections 96 are arranged at an apex of the
support structure 22, between the inner ends of the transverse sections 72, and
may be attached to the transverse sections 72 by a suitable gquick-connect
coupling or other mechanism. The support members 24 may linked In fluid
communication by the longitudinal sections 96 so that inflation of one of the
support members 24 causes inflation of each of the support members 24. This
may help to simplify inflation because only one inflation point may be necessary
to Inflate the entire support structure 22. However, it may still be desirable to
have more than one inflation point, depending on the volume of air required to
Inflate the support structure 22. For example, there may be four inflation points,
located In the upright section of four of the support member 24, near to the
ground, and this may be sufficient to distribute air to all of the support members

24 to inflate the entire support structure 22.

[0066] The materials for the support structure 22 may be selected to be
generally impervious to air, so that it remains inflated for long periods of time
without topping up. Furthermore, the support structure 22 may be formed of a
material that is mechanically tough for durability and longevity, and is also fire

retardant.

[0067] By way of example, and not intended to be limiting, for forming
the support structure 22, the inventors have had satisfactory results using a
fabric material sold under the name PRECONTRAINT 832™ (Serge Ferrari of

La Tour-du-Pin, France).

[0068] The apparatus 20 may include connectors for connecting the

support structure 22 and the chamber assembly 26.



CA 0299%0815 2017-12-20

WO 2015/192201 PCT/CA2014/050589

- 18 -

[0069] Referring to Figures 1, 4 and 7, first connectors 938 are shown to
connect the transverse section 72 to the top wall 52. In the example illustrated,
referring particularly to Figure 7, the first connector 98 includes a cable element
100 that Is fixed to and extends between mounts 102, 104. The mounts 102,
104 are arranged on an interior side of the transverse section 72 and an
exterior side of the top wall 52, respectively. The top wall 52 Is therefore
suspended from the transverse section 72 by the cable element 100. The cable
elements 100 provide for a relatively simple connection, and may be easily

replaced in the event that they become damaged.

[0070] The first connectors 98 may be used to connect each of the
transverse sections 72 to the top walls 28, 52. In the example illustrated, many
of the first connectors 98 are provided In a spaced apart manner along the
length of each of the transverse sections 72 so that the top walls 28, 52 may be
generally evenly supported across their widths (e.g., width 94 I1s shown In
Figure 11). This may help to ensure that the celling within the chamber
assembly 26 1s maintained relatively flat and smooth, to promote good airflow
within the chamber assembly 26 and prevent or at least reduce allergen
accumulation. Similarly, the bottom wall 30 may provide for a floor space that is

flat, level, smooth and free of any obstacles or projections.

[0071] Referring to Figures 1, 4 and 8, second connectors 106 are
shown to detachably connect the upright section 76 to a corner between the
side walls 58, 60. In the example illustrated, referring particularly to Figure 8,
the second connector 106 Iincludes an elongate rod member 108. A sleeve 110
IS mounted to the corner between the side walls 58, 60. A base 112 Is mounted
to an interior side of the upright section 76. The sleeve 110 includes a cutout or
opening 114 in alignment with the base 112. Each of the sleeve 110 and the
base 112 slidingly receive the rod member 108 to connect the side walls 58, 60

to the upright section /6.

[0072] The second connectors 106 may be used to connect each of the
upright sections 76 to the side walls 32, 36, 34, 58, 60, 56. The second

connectors 106 may serve to stretch out the material of the side walls 32, 36,
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34, 58, 60, 56 so that each is maintained relatively flat and smooth, to promote
good airflow within the chamber assembly 26 and prevent or at least reduce

allergen accumulation.

[0073] In the example illustrated, the sleeve 110 i1s mounted along a full

height of the chamber assembly 26 (e.g., height 92 in Figure 9). Several bases
112 are shown spaced apart along the height of the upright sections 76, and
the sleeve 110 has openings positioned correspondingly to the bases 112 to
facilitate connection between the rod members 108 and the bases 112. For
each of the upright sections 76 there may be a single rod member 108 that
extends the full height of the chamber assembly 26, or there may be more than
one rod memper 108 extending In series. For example, there may be two rod
members 108, each extending 4’ in length, to cover an 8 height of the chamber

assembly 26.

[0074] Referring to Figures 1 and 5, first spacer elements 116 are shown
coupled between the support members 24. In the example illustrated, the
spacer elements 116 extend between and are fixed to adjacent pairs of the
support members 24, with one positioned adjacent the lower end 82 and one
positioned adjacent the upper end 86 (Figure 10). The spacer elements 116
may be detachably connected between the upright sections /6. Referring
particularly to Figure 5, an end 118 of the spacer element 116 may Include a
detachable connection 120. The detachable connection 120 may include a
plate 122 that is received in a bracket 124, and held in place by a pin 126. The
bracket 124 is fixed to the upright section /6 by a mount 128. The plate 122 is
held In place relative to the bracket 124 by a pin 126, which may be retained by

a wire 130.

[00795] Referring to Figures 2 and 6, second spacer elements 132 are
coupled between upright sections 76 at the rear of the apparatus 20. Ends of
the spacer elements 132 are shown releasably retained Iin feet 134 that are
fixed to the upright sections 76. In the example illustrated, the spacer elements

132 are detachably connected to the back side wall 36 by third connectors 136.
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The third connectors 136 may take the form of releasable |loops 1338 that are

fixed to the back side wall 36 and recelve the spacer element 132.

[00/6] In the example illustrated, the apparatus 20 may be disassembled
and moved to another location by disconnecting the second and third
connectors and removing the spacer elements, deflating the support members
24, transporting the support structure 22 and the chamber assembly 26 to the
second location, reinflating the support members 24, and reconnecting the
second connectors, Installing the spacer elements and reconnecting the third

connectors.

[007/7] Referring to Figures 3 and 12, inlets 140 are disposed In each of

the chamfered walls 44 for guiding or delivering a supply airflow to the interior
space 42. In the example illustrated, each of the chamfered walls 44 has two
iInlets 140, which are positioned in a spaced apart manner between the top and
bottom walls 28, 30. Given the relative dimensions of the interior space 42, and
the orientation of the chamfered walls 44 relative the side walls 32, 34, 36, 38,
the inlets 140 may deliver the supply airflow In a generally balanced and
symmetrical manner, which may create air vortices within the interior space 42,
reduce or eliminate “dead zones”, and thereby promote uniform airflow and
allergen mixing. However, other configurations may be possible, including, for
example, configurations with more or less Inlets for delivering the supply
airflow, and/or configurations where the chamfered walls 44 are omitted and

the inlets are disposed at the corners between the side walls 32, 34, 36, 38.

[00/8] The chamber assembly 26 further includes outlets 142 for
delivering a return airflow from the interior space 42. In the example illustrated,
three of the outlets 142 are disposed Iin the top wall 28, and are positioned Iin a
spaced apart manner between the back and front walls 36, 38. Thus, the
outlets 142 are also arranged In a generally balanced and symmetrical manner
within the interior space 42, which promotes uniform airflow and allergen
mixing. Also, because allergens tend to settle within the interior space 42 by

force of gravity, with the outlets 142 disposed In the top wall 28, above the
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inlets 140, this arrangement may reduce the amount of allergen that is

entrained In the return airflow to be expelled from the interior space 42.

[0079] Referring particularly to Figure 12, an ECU 144 may provide the
supply airflow, at a precisely controlled temperature and humidity that may be
required to effectively aerosolize allergens. The ECU 144 may also be
configured to provide clean, filtered air that excludes plant pollens and allows
for the careful exposure to patients of the desired allergen. Furthermore, the
ECU 144 may provide a pressure gradient necessary to help retain allergen

within the interior space 42.

[0080] In the example illustrated, the ECU 144 is connected to a main
supply duct 146 and a main return duct 148. The main supply duct 146 feeds

inlet ducts 150 and outlet ducts 152 feed the main return duct 148. The ducts
146, 150 deliver the supply airflow through the inlets 140 to the interior space
42. The ducts 152, 148 deliver the return airflow from the interior space 42
through the outlets 142. For the ducts 150, 152, the inventors have had
satisfactory results using a flexible suction (spiral) duct obtained from
Schauenburg Industries Ltd., of North Bay, Ontario.

[0081] Referring to Figure 13, the ECU 144 includes several components
that enable the delivery of that supply airflow that is relatively clean and may be
controlled to be at certain temperatures and humidity levels. Fresh air is
introduced to the ECU 144 and passes through a damper 174 and a pre-filter
172 10 a heat recovery unit 170. At the heat recovery unit 170, heat may be
exchanged between the return airflow and the fresh air. A supply blower 186
forces the warmed, fresh air through a dessicator 184 for dehumidification. The
dessicator 184 may include one or more desiccating wheels. A separate
counterflow of air is forced by a regen blower 192 through a regen heater 194,
to remove moisture from the dessicator 184. After the dessicator 184, the
dehumidified, warmed fresh air passes through a heater 182, a cooler 180, a
HEPA filter 178 and a humidifier 1/6, and then is supplied to the main supply
duct 146. The HEPA filter 178 filters the air and eliminates, as best as possible,

any allergen content or other impurities of the incoming airflow. Each of the
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heater 182, the cooler 180 and the humidifier may be operated independently
In order to attain the supply airflow at the desired temperature and humidity
characteristics. From the main return duct 148, the return airflow may also
filtered using a pre-filter 164 and a HEPA filter 166 to remove or at least
substantially reduce any allergen entrained with the return airflow. A return
blower 168 forces this air through the heat recovery unit 170 and a damper 190
to be exhausted to the outside. During normal operation, a damper 188 Is In a
closed position, and the dampers 174, 190 are In an opened position. During a
recirculation mode, the damper 188 Is moved to an opened position so that the
return airflow from the main return duct 148 is supplied back to the main supply
duct 146, and the dampers 174, 190 are moved to a closed position, thereby
blocking the flows of fresh air into the ECU 144 or exhaust air out of the ECU
144

[0082] In use, referring now to Figures 14 and 195, the apparatus 20 Is
shown In the Installed state with the support structure 22 supporting the
chamber assembly 26, which encloses the interior space 42. At least one
mechanism 154 may be provided for introducing an allergen into the interior
space 42, and at least one sampling mechanism 156 may be provided for
measuring the allergen level within the interior space 42. Human patients 1538
may be exposed to the allergen in the interior space 42, and the exposure of

the human patients 158 to the allergen may be assessed.

[0083] Optionally, fans 160 may be provided to ensure uniform mixing of
the allergen within the interior space 42. Also, Iif the material for the bottom wall
30 Is not durable enough for long-term use, then auxiliary flooring 162 may be
used. Interlocking, electrostatically dissipative flooring may be used to prevent
static buildup while also providing a practical hard surface for chair set up and
easy cleaning. The inventors have had satisfactory results using SELECTILE
ESD™ interlocking static control floor tiles. Furthermore, recessed mounts may
pbe used to encase fluorescent light fixtures and allow for unencumbered
airflows, and other recessed mounts may be used for electrical outlets, sensors

and other connections within the chamber assembly 26.
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[0084] By way of example, and not intended to be limiting, the apparatus
20 may pbe dimensioned so that the interior space 42 i1s approximately 1000
square feet, which may accommodate 50-60 patients seated. These relatively
large dimensions may allow for the simultaneous testing of many patients who
are all exposed to the same airpborne allergen level for the same time period.

[0085] The apparatus 20 may allow for mobile or portable EEC allergen
testing in which the capablilities of spatial and temporal airborne allergen
consistency and control that are present in the static EEC are present and
operated according to standardized operating procedures. The apparatus 20
may be designed to travel in a standardized container suitable for multiple
transportation types, including truck, rail and boat. The ECU 144 may also be
designed for travel, implemented in a single container that may be deployed
with the container housing the apparatus 20 when transported to the clinical
locations. In some cases, the ECU 144 may be built into a standard shipping

container.

[0086] AsS mentioned above, it may be important for the consistency
required for drug testing that allergen exposure is kept generally constant in the
Interior space 42 and is dispersed In a spatially uniform manner across the
patient seating area, and that this exposure i1s maintained over the course of an
entire allergen exposure session, which may range from 1 hour to 14 hours, for

example.

[0087] As mentioned above, chamber assembly 26 may be constructed
of antl-static and electrostatically dissipative textiles, including walls, ceiling and
flooring. This may allow for better aerosolization of allergens such as pollens,
so the pollens do not bulldup or accumulate regions of the interior space 42
and thereby become a ‘sink’ or source of pollen, thus resulting in an inabillity to
control airborne pollen over time. Furthermore, the materials utilized for the
chamber assembly 26 may be selected so as not have any appreciable out-
gassing of odors which may Iinfluence patient response to allergen. This may
avold or at least reduce bias of patients’ responses to allergen due to positive

or negative odor interpretation. Air quality with respect to outgassing may be
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tested to ensure that Volatile Organic Compound (VOC) levels are low to
undetectable. A hand-held VOC meter may be utilized to test a representative
number of regions within the Interior space 42. This meter and other
measurement equipment may be included with the apparatus 20 and the ECU

144 when transported.

[0088] In some cases, the mechanism 154 for introducing allergen into
the Interior space 42 may be an aerosolization apparatus that provides for
pollen particle aerosolization, without particle agglomeration by removal of
particle charge and mixing with a dry clean air jet stream. This may allow pollen
levels of a plant pollen allergen type, such as ragweed, to be controlled the
Interior space 42 to, e.g., 3500+500 pollen grains per cubic meter of air, which
may be consistent with levels previously used in other studies. This system is
utilized directly within the MEU and thereby promotes easy set-up and
validation of the MEU to specifications. Different mechanisms may be used for

Introducing non-plant allergens, such as dust mite and cat allergen, which may

have a higher specific density and a higher propensity to agglomerate.

[0089] Plant allergens or pollens may be sourced from the same supplier
and have been well qualified for content and handling. Non-pollens may also be
purchased from the same provider, and handled according to manufacturer
Instructions. Milled cat and dust mite allergen may be utilized with an allergen
content measured and provided. The same batch lot may be utilized wherever
possible throughout the course of a single study. Either dust mite species —
Dermatophagoides pferonyssinus (Der p) or Dermatophagoides farinae (Der f)
— may be aerosolized within a range of, e.g., 20-500 ng/m°. In the case of cat
allergen, the major cat allergen felis domesticus type 1 may be measured and

is maintained within 50-200 ng/m".

[0090] In the case of pollen aerosolization, rotorods may be implemented
as the sampling mechanism 156 within the interior space 42. In the example
llustrated, several of the sampling mechanisms 156 are positioned in a spaced

apart manner in the interior space 42, and may be used to obtain an
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adequately representative sampling of the patient seating area to determine

average airborne allergen levels.

[0091] In the case of non-plant allergens, such as dust mite or cat
allergens, a personal air sampler may be implemented as the sampling
mechanism 156. The personal air samplers may be mounted on stands and
connected to pumps that simulate a breathing rate. The personal air samplers
iInclude a filter upon which airborne allergen is collected at a rate that is
representative of the amount that a person would Iinhale. After a desired
collection time, the filters are removed and the allergen may be eluted and
quantitated. In some cases, an Enzyme-Linked Immunosorbant Assay (ELISA)
may be used to measure the amount of dust mite or cat allergen. Since ELISA
may require 8-24 hours to obtain results, a laser particle counter may also be
used to measure any change In particle size and number in the interior space
42. ThiIs may be used as a real-time measure for patient safety and

determination of allergen range aerosolized.

[0092] Standardized operating procedures may be implemented for the
apparatus 20 and used as the basis for operation and training In order to
standardize the allergen aerosolization in all clinical sites. This may promote
the utility of multicenter trials using the apparatus 20 for the study of allergic

patients.

[0093] Validation testing may also be performed to ensure that patient
allergen exposure within the apparatus 20 is within normal ranges, consistent
and well controlled. Firstly, after the apparatus 20 has been installed at the
clinical site, it may be calibrated to certain specifications according to an
Installation Qualification (IQ), the results of which may be documented and
archived. Secondly, once both the apparatus 20 and the ECU 144 are
connected at the clinical site, an Operational Qualification (OQ) may be
conducted to see that all individual elements are operating such that the
system Is operating within specification. The last step in the validation process
IS to see that system performs within the range of airborne allergen exposure

for patients that is required. This is called a Performance Qualification (PQ).
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The PQ may performed to demonstrate that there is spatial and temporal
airborne allergen over the area of the patient seating. This may ensure that
allergen levels are adequately controlled and there is consistent patient
allergen exposure. Further testing may also be performed to demonstrate that
even with disassembly of the apparatus 20 and reassembly at a second

location, the validation results are within the desired ranges.

[0094] While the present disclosure describes the support structure 22
as being external of the chamber assembly 26 for supporting the chamber
assembly 26, and with the support structure 22 and the chamber assembly 26
as being separate elements, other arrangements are possible, including
configurations where the support structure Is arranged at least partially
iInternally of the chamber assembly, and configurations where the support
structure and the chamber assembly are at least partially integrated. Various

configurations are possible.

[0095] While the present disclosure emphasizes the use of the mobile
chamber apparatus for allergy and rhinitis studies, it should be appreciated that
the mobile chamber apparatus may be used for other testing, including, without
limitation, chronic obstructive pulmonary disease testing, chemical products
and fragrance testing, pollution testing, and occupational exposure testing.
Various other applications may be possible for the mobile chamber apparatus,
where it Is desirable to have a mobile chamber within which the environment of
the interior space may be carefully controlled. Such other applications may
iInclude, without Ilimitation, mobile field operating rooms and hospitals,

hazardous material and quarantine situations, and other military applications.

[0096] While the above description provides examples of one or more
processes or apparatuses, it will be appreciated that other processes or

apparatuses may be within the scope of the accompanying claims.
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CLAIMS

1. A mobile chamber apparatus, comprising:

a support structure comprsing a plurality of inflatable support members, each of the
plurality of inflatable support members including at least one transverse section and at least one

upright section;

a chamber assembly comprising a top wall, a bottom wall, and at least one side wall

coupled between the top and bottom walls; and

a plurality of connectors for detachably coupling the support structure to the chamber
assembly, the plurality of connectors including a plurality of first connectors that couple the at
least one transverse section to the top wall and a plurality of second connectors that detachably

couple the at least one upright section to the at least one side wall,

wherein, in an installed state, the support structure is coupled to the chamber assembly
and supports the chamber assembly so that the top wall, the bottom wall and the at least one side
wall enclose an interior space, wherein the plurality of first connectors comprise a plurality of
cable elements spaced apart generally along a length of the at least one transverse section, each
of the plurality of cable elements fixed to and extending between an exterior surface of the at
least one transverse section and an exterior side of the top wall so that the top wall is at least
partially suspended from the at least one transverse section, and wherein each of the plurality of

second connectors comprises:

at least one sleeve mounted to one of the at least one upright section and an exterior side

of the at least one side wall;

at least one base mounted to the other of the at least one upright section and the exterior

side of the at least one side wall; and

at least onc elongate rod member that couples the at least one base and the at least one

Sleeve.
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2. The apparatus of claim 1, wherein the at least one base and the at least one sleeve each

slidingly receive the at least one rod member.

3. The apparatus of claim 2, wherein the at least one sleeve 1s mounted generally along a
height of the at least one side wall, and the at least one rod member extends generally along the

height of the at least one sidewall.

4. The apparatus of claim 3, wherein the plurality of second connectors comprises a further
plurality of bases spaced apart generally along a height of the at least one upright section, and the
at least one sleeve comprises a plurality of openings, each of the plurality of openings positioned
correspondingly to a respective one of the plurality of bases, the openings facilitating connection

between the at least one rod member and the further plurality of bases.

3. The apparatus of claim 1, further comprising a plurality of spacer elements coupled

between the plurality of inflatable support members.

6. The apparatus of claim 5, wherein each of the plurality of spacer elements extends

between and 1s fixed to an adjacent pair of the plurality of inflatable support members.

7. The apparatus of claim 6, wherein each of the plurality of spacer elements comprises first
and second ends that are each detachably connected to a respective at least one upright section of

the adjacent pair.

8. The apparatus of claim 7, wherein at least a portion of the plurality of each of the

plurality of spacer elements are coupled to the at least one side wall.

9. The apparatus of claim 8, wherein the plurality of connectors further comprise third

connectors that detachably couple the portion of each of the plurality of spacer elements to the at

least one side wall.

10.  The apparatus of claim 9, wherein the third connectors comprise releasable loops that are

fixed to the at least one side wall and receive the portion of each of the plurality of spacer

elements.
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11.  The apparatus of claim 1, wherein the at least one upright section of each of the plurality
of inflatable support members comprises first and second elongate upright sections, and the at

least one transverse section extends between upper ends of the first and second upright sections.

12. The apparatus of claim 11, wherein the at least one transverse section comprises first and
second elongate transverse sections, an outer end of each of the first and second elongate

transverse sections coupled to the upper end of a respective upright section.

13. The apparatus of claim 12, wherein inner ends of the each transverse sections are coupled
together, and each of the transverse sections are inclined upwardly between the outer and inner

ends.

14.  The apparatus of claim 13, wherein, for each of the pluraity of inflatable support
members, the upright and transverse sections are linked in fluid communication so that inflation

of the support structure causes inflation of each section.

15. The apparatus of claim 14, wherein the support structure further comprises a plurality of

longitudinal sections that extend between the first and second transverse sections.

16.  The apparatus of claim 15, wherein each of the plurality of inflatable support members is
further linked in fluid communication by the plurality of longitudinal sections so that inflation of
one of the plurality of inflatable support members causes inflation of each of the plurality of

inflatable support members.

17.  The apparatus of claim 1, further comprising an environmental control unit coupled to the

apparatus for delivering a supply airflow to the interior space.
18. Akit of parts, comprising;

a plurality of inflatable support members, each of the plurality of inflatable support

members comprising at least one transverse section and at least one upright section;

a top wall; at least one side wall:
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a plurality of first connectors for coupling the at least one transverse sections to the top

wall; and

a plurality of second connectors for coupling the at least one upright sections to the at

least one side wall, wherein each of the plurality of second connectors comprises:

at least one sleeve mounted to one of the at least one upright section and an exterior side

of the at least one side wall;

at least one base mounted to the other of the at least one upright section and the exterior

side of the at least one side wall; and

at least one elongate rod member that couples the at least one base and the at least one
sleeve, wherein, in an installed state, the at least one upright transverse sections support the top

wall and the upright sections support the at least one side wall so that the top wall and the at least

one side wall enclose an interior space.
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