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PREFACE

The World Health Organization declares chronic respiratory diseases as one of the 4 major health
problems of mankind. Allergic rhinitis (AR) and chronic rhinosinusitis (CRS) affect more than 30% of
the population worldwide. The socio-economic impact of chronic upper airway diseases is estimat-
ed in Europe with more than 150 billion Euro per year. Unmet needs in the field of AR and CRS can
be identified in several domains: education, research, development and clinical care. In addition,
the huge socioeconomic burden of AR and CRS to health care systems is expected to substantially
increase in the future, warranting new policies in healthcare at the global and national level.

To tackle the huge global health problem of chronic upper airways inflammation, the EAACI de-
cided to develop the “Global Atlas of Allergic Rhinitis and Chronic Rhinosinusitis” as a follow up
of the “Global Atlas of Allergy” and “Global Atlas of Asthma” which were launched in 2013 and
2014, had a huge success worldwide, and are currently translated into several languages. With
this Atlas, EAACI and the authors of the Atlas aim to increase awareness on the global epidemic
and the burden of chronic inflammatory upper airways diseases and to bring to the global attention
the need to be recognized as a main concern in national health strategies; to reinforce the role of
early diagnosis and treatment, education and prevention in a structured management strategy; to
reveal their priority for research; to provide guidance on how to overcome barriers; to expand the
existing programs and tools and explore innovative solutions for a comprehensive global manage-
ment approach.

The EAACI Global Atlas of Allergic Rhinitis and Chronic Rhinosinusitis contains 154 chapters writ-
ten by 218 authors with 269 illustrations and 92 tables. It is developed as a desktop reference for
multisectoral usage covering all aspects of AR and CRS from epidemiology, risk factors and molec-
ular and cellular mechanisms to their management, clinical features and co-morbidities, diagnosis,
treatment, prevention and control. In addition, the Atlas will offer an educational tool and a desk-
top reference for medical students, allied health workers, primary care physicians, pharmacists,
medical industry, policy makers, patient organizations and specialists dealing with AR and CRS. We
would like to thank all of the authors for their contributions.

Cezmi A. Akdis
Peter W. Hellings
loana Agache
Editors
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SECTION A - Allergic rhinitis - mechanisms

Allergic rhinitis represents an in-
flammatory disorder of the nasal
mucosa initiated by an allergic
immune response to inhaled al-
lergens in sensitized individuals.
The allergic immune cascade in
the nasal mucosa may give rise to
the following symptoms in a var-
iable degree of severity and du-
ration: nasal congestion/obstruc-
tion, rhinorrhoea, itchy nose and/
or eyes, and/or sneezing. General
symptoms like fatigue, impaired
concentration and reduced pro-
ductivity are all associated with
allergic rhinitis.

The following criteria are utilized
to define rhinitis: the presence of 2
or more nasal symptoms for more
than 1 h per day. The discrimina-
tion between mucosal and ana-
tomic problems giving rise to nasal
symptoms is a clinical judgement
based on a proper clinical exami-
nation of the nose and endonasal
cavity (Figure 1). A history with 2
nasal symptoms suggestive of AR,
with confirmation of nasal inflam-
mation by clinical examination and
diagnostic tests showing sensiti-
zation to inhalant allergens, is the
cornerstone of the diagnosis.

The new nomenclature on clas-
sification of hypersensitivity /
allergic diseases for ICD-11 by

WHAT IS ALLERGIC

RHINITIS

Peter W. Hellings

University Hospital Leuven

Belgium

KEY MESSAGES

e Allergic rhinitis (AR) is a symptomatic IgE-driven inflammation

of the nasal mucosa

e Nasal congestion/obstruction, rhinorrhoea, itchy nose and/or
eyes, and/or sneezing are the symptoms of AR
e Allergen-specific IgE and eosinophilic inflammation are key

features of allergic rhinitis

e AR is often associated with conjunctivitis and asthma

e AR s arisk factor for asthma

e A significant percentage of AR patients remains uncontrolled

despite adequate treatment

crowd-sourcing the allergists
community, is currently proposing
specific definitions for subtypes of
rhinitis. Based on history and clin-
ical examination supplemented by
diagnostic tests, rhinitis patients
are classically divided into differ-
ent phenotypes: 1/ allergic, 2/
infectious, 3/ non-allergic, non-in-
fectious, and 4/ mixed rhinitis
(Figure 1). In a recent TF of the
ENT section of EAACI, different
rhinitis subtypes are being distin-
guished (Figure 1).

The allergic immune response in-
volves a nasal as well as systemic
immune response. The systemic
nature of the allergic immune re-
sponse with increased levels of
Ig, IL-5 and blood eosinophilia
has been recognized for several

decades. In addition to nasal symp-
toms, inhalation of airborne aller-
gens may give rise to conjunctival
symptoms like itchy eyes, tearing,
congestion of the conjunctival
vessels, chemosis and periorbital
oedema. Allergic rhinitis may be
a predisposing factor to develop
disease in adjacent organs like the
paranasal sinus cavities, middle
ear, nasopharynx and larynx. In
view of the consideration of aller-
gic rhinitis and asthma being part
of the airway allergy syndrome,
we have nowadays good insight
into the epidemiologic association
between AR and AA, diagnostic
requirements for considering the
problem of upper or lower airways
as one entity, and therapeutic im-
plications for optimal treatment of

What is allergic rhinitis
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NASAL MUCOSA | NASAL ANATOMY |

Turbinate Nasopharynx
-Hypertrophy Adenoid hypertrophy
-Bullous medial concha

Septum Valve
-Deviation
-Perforation

-External valve problem

NON-ALLERGIC -Internal valve problerm

rhinitis

NASAL SYMPTOM SEVERITY

Figure 1 Mucosal and anatomic factors contributing to nasal symptom severity.

AR and AA. Of note, AR is a major
risk factor for asthma.

Treatment of AR can be divided
into medical treatment aiming at
reducing inflammation with im-
provement of the quality of life,
and immunotherapy aiming at in-
ducing tolerance (Figure 2). Suc-

SWiISiuBYIAW - SIUIY D184 - ¥ NOILDAS

SYMPTOM RELIEF cessful immunotherapy for Th2
mediated allergic conditions is
IMPROVEMENT of QOL associated with the induction of

IL-10 and TGF-B producing regu-
Pharmacotherapy latoryT(Tr)-1 cells.

The majority of AR patients
Immunotherapy  are well controlled with guide-
line-based treatment, but up to

CURE > 20% of AR patients may experi-
ence bothersome symptoms de-
PREVENTION spite adequate first-line and sec-

ond-line treatment (Figure 3). The
challenge of AR care in the future
will be to optimize care pathways
leading to a higher level of symp-
tom control and prevent the pro-
gression towards asthma.

Figure 2 Aims and cornerstones of medical treatment for AR.

What is allergic rhinitis 3
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Allergic rhinitis

SECTION A - Allergic rhinitis - mechanisms

VAS > 5 for TNS

Or NEED of treatment

First-line treatment for 2—4 weeks
Avoid irritants and allergens if possible

VAS <5

Continue treatment as needed
Consider I.T.

A Uncontrolled AR

VAS =25

Second-line treatment for 2—4 weeks
Avoid irritants and allergens if possible

Consider I.T.

N

VAS <5

Continue treatment as needed

Consider I.T.

Uncontrolled AR
VAS 25

RECONSIDER DIAGNOSIS

EXCLUDE CONCOMITANT PATHOLOGY

Consider I.T.
Consider surgery

Figure 3 Treatment algorithm of AR including the new concept of AR control.
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THE UNDERLYING
MECHANISMS IN ALLERGIC

RHINITIS
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Mechanistic studies in allergic rhi-
nitis (AR) have been performed in
biopsies, nasal fluid, nasal scrap-
ings and cultures of cells isolated
from humans. The data so far is at
the level of co-expressions, asso-
ciations and correlations. Direct
evidence for human in vivo rele-
vance has not been demonstrat-
ed for many of the below listed
findings. Animal models still need
to be improved and may not fully
represent the human in vivo situ-
ation. The most decisive data on
mechanisms of AR reflecting hu-
man in vivo situation are obtained
from therapeutic response to al-
lergen immunotherapy, anti-his-
tamines, corticosteroids as well
as response to biologicals, such as
anti-Igk and anti-IL-5 monoclonal
antibodies.

IgE SENSITIZATION

After allergen exposure through
mucosa and skin, allergens are
taken up by antigen-presenting
cells, processed to T cell epitope
peptides and presented to helper
T lymphocytes by MHC-class-lI
molecules (Figure 1). IL-4 re-
leased from innate lymphoid cells
(ILC), mast cells or basophils and
notch, jagged interaction in the
dendritic cell and T cell interac-
tion may be important in the ini-

KEY MESSAGES

Better understanding of the underlying immune mechanisms in
allergic rhinitis (AR) is central to developing improved and more
targeted therapies

Development of the Th2 cell response and of the B cell and
allergen-specific IgE response represent the sensitisation phase
A type 2 immune response including T cells, innate lymphoid
cells, local eosinophils and IgE are important players

An IgE-mediated mast cell degranulation upon exposure to

allergens represents the early response
e Alate-phase response is characterized by recruitment of T cells,

eosinophils and basophils

e Local IgE production without circulating specific IgE can take

place

e Epithelial involvement in the type 2 immune response takes
place, with the secretion of IL-25, IL-33 and TSLP

tiation and clonal expansion of a
Th2 response. This leads to T cell
sensitization and memory devel-
opment. Activated CD4+ T helper
2 lymphocytes release cytokines,
mainly IL-4 and IL-13 and interact
with B lymphocytes to induce the
class-switch and synthesis of aller-
gen-specific IgE (IgE sensitization)
and development of IgE B cell
memory and IgE-secreting plasma
cells. Allergen-specific IgE binds
to the high affinity receptor for
IgE (FceRl) on the surface of mast
cells. The presence of circulating
IgE towards a specific allergen is

The underlying mechanisms in allergic rhinitis

not fully linked to a clinically sig-
nificant AR, and levels of total IgE
rarely provide information about
IgE to specific allergens.

EARLY PHASE (IMMEDIATE)
RESPONSE

The early or immediate phase re-
sponse occurs in IgE-sensitized
individuals within minutes of ex-
posure to the allergen and lasts
for about 2-4 hours. Mast cell de-
granulation is a cardinal compo-
nent of the early phase response.
Mast cells are abundant in the ep-
ithelial compartment of the nasal
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Figure 1 Sensitization and type | hypersensitivity reaction. A) T cell sensitisation, clonal expansion and memory Th2
cell development after allergen presentation to T cells, B) IgE sensitization after Th2 cell naive B cell interaction, C) Type |
hypersensitivity reaction after cross-linking of the FceRI bound IgE molecules by allergens on mast cells.

mucosa and can be easily activat-
ed upon re-exposure to the aller-
gens. Upon allergen cross-linking
of specific IgE bound to the sur-
face high affinity receptors (FceRlI)
of mast cells degranulate and
release a variety of pre-formed
and newly synthesized mediators
leading to the early phase re-
sponse. Mast cell secretory gran-
ules contain preformed mediators
that are rapidly (within seconds to
minutes) released into the extra-
cellular environment. These me-
diators include histamine, leukot-
rienes, prostaglandins, proteases,
proteoglycans, cytokines and
chemokines. They are responsi-
ble for mast cell-mediated allergic
reactions, including edema, in-

creased vascular permeability and
nasal discharge in AR. Histamine,
the major mediator of AR, stimu-
lates the sensory nerve endings of
the trigeminal nerve and induces
sneezing and pruritus. Histamine
also stimulates the secretion of
mucous and nasal discharge, and
histamine, leukotrienes and pros-
taglandins act on the blood ves-
sels causing nasal congestion.

LATE PHASE RESPONSE

4-6 hours after allergen stimula-
tion, the early phase response is
usually followed by the late phase
response. The late phase response
lasts for about 18-24 hours and is
characterized by influx of T lym-
phocytes, basophils and eosino-

phils in the nasal submucosa. Sev-
eral mediators released by these
cells include leukotrienes, kinins,
histamine, chemokines and cy-
tokines, which result in the con-
tinuation of the symptoms. The
production and release of a vari-
ety of cytokines such as IL-4, IL-5,
IL-9 and IL-13 from mast cells, ILC,
basophils and Th2 cells play a role
in the orchestration and continu-
ation of the late phase response.
IL-4 and IL-13 can upregulate the
expression of vascular cell adhe-
sion molecule 1 on endothelial
cells facilitating the infiltration of
the nasal mucosa with eosinophils,
Th2 lymphocytes and basophils.
In addition, chemokines, such
as RANTES, eotaxin, monocyte

The underlying mechanisms in allergic rhinitis
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Figure 1 Type 2 inflammation and cytokine network in the AR nose. AR inflammation develops as a combination
of innate and adaptive immune response and involvement of resident tissue cells. Epithelial activation and cytokine
release (TSLP, IL-25, IL-31, IL-33) leads to type 2 innate lymphoid cells (ILC2) activation. IL-4 from mast cells and ILC2s
augments the Th2 response. TSLP-induced OX-40-ligand from DC induces a Th2 response. IL.-4 and I1L-13 lead to B cell
activation and local IgE production. IL-5 from Th2 cells and ILC2 promotes tissue eosinophilia. IL-4 and IL-13 activate the
endothelium for tissue migration of eosinophils, basophils and Th2 cells. Multiple Th2 (IL-9, IL-13) and pro-inflammatory
cytokines (TNF-a, IL-6) released from ILC2, Th2 and mast cells activate the epithelium.

chemoatractant protein (MCP)-4,
and thymus-and activation regu-
lated chemokine (TARC) released
from epithelial cells serve as che-
moattractants for eosinophils,
basophils and T lymphocytes.
Other cytokines like granulocyte
macrophage colony-stimulating
factor (GM-CSF), released largely
by epithelial cells, and IL-5 from
type 2 ILC and Th2 lymphocytes
prolong the survival in the nasal
mucosa of the infiltrating eosin-
ophils. Other mediators released
from the eosinophils such as the

eosinophil cationic protein, plate-
let-activating factor, major basic
protein have additional roles in
the late phase response. The late
phase response is characterized
by a prolongation of symptoms
- sneezing, rhinorrhea, but most
predominant by a sustained nasal
congestion. AR also triggers a sys-
temic inflammation besides local
inflammation, which can in turn
augment inflammation in both the
upper and lower airways and ex-
plains the link to asthma.

The underlying mechanisms in allergic rhinitis

STRUCTURAL TISSUE CELLS IN
ALLERGIC RHINITIS

Epithelial cells in AR have a wide
range of immunomodulatory ac-
tivities through the release of
eicosanoids, endopeptidases, cy-
tokines and chemokines (IL-6, IL-8,
IL-25, IL31, IL-33, TSLP, GM-CSF,
TNF-a, RANTES, TARC, eotaxin,
stem cell factor (SCF)) and thus
contributing to the enhancement
of allergic inflammation. Further-
more, nasal epithelial cells in AR
release matrix metalloproteinase
(MMP)-2, MMP-9 and MMP-13,
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which can cleave almost all secret-
ed and cell surface molecules as
well as extracellular matrix. Nasal
epithelial cells express HLA-DR and
CD86 and can present antigento T
cells. Epithelial cell-derived thymic
stromal lymphopoietin (TSLP), IL-
25 and IL-33 are essential factors
in AR. Increased IL-25 can amplify
the ongoing allergic inflammation,
particularly by augmenting the Th2
type inflammation. IL-33 can am-
plify Th2 and particularly the IL-5,
IL-9 and IL-13 secreting type 2 ILC
activation. All three cytokines can
directly and indirectly enhance in-
nate lymphoid cell-contribution to
effector functions such as tissue
eosinophilia and increased Th2 re-
sponse (Figure 2).

Epithelial barrier and tight junc-
tion integrity is essential in AR as
it is in asthma, chronic rhinosinus-
itis (CRS) and atopic dermatitis.
In all these diseases the epithelial
barrier is prone to be impaired by
allergens and pollutants. With its
cysteine protease activity Der p 1
is able to alter the epithelial tight
junctions, thereby increasing epi-
thelial permeability. Due to their
enzymatic proteolytic activity
many allergens can directly acti-
vate epithelial cells and can induce
cytokine and chemokine release
and thus airway inflammation in-
dependent of IgE. Furthermore, in
AR individuals epithelial cells are
more sensitive to air pollutants
like diesel exhaust particles.

Endothelial cells play a role in the
pathogenesis of AR by partici-
pating in the recruitment of leu-
kocytes to the site of the allergic
response. Endothelial cell VCAM-
1 is over expressed during the
pollen season. Endothelial cells in
AR are also an important source of
several cytokines and chemokines
like RANTES and eotaxin. Moreo-
ver, similar to epithelial cells, en-
dothelial cells also express the H1
receptor and stimulation with his-
tamine induces activation of these
cells.

Tissue macrophages and den-
dritic cells also contribute to AR
inflammation by releasing mac-
rophage-derived chemokine that
attracts Th2 cells.

Tissue fibroblasts are also in-
volved in AR. IL-4 promotes the
proliferation of allergic fibroblasts,
and the production of GM-CSF
and SCF increases by histamine
stimulation.
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THE INNATE IMMUNE
RESPONSE IN ALLERGIC

An important function of the in-
nate immune system in the upper
respiratory tract is the recogni-
tion of microbial patterns. Several
strategies have evolved in order
to fulfill this task such as secret-
ed molecules (e.g. anti-microbial
peptides, collectins, surfactant
proteins, pentraxins), membrane
bound receptors (e.g. toll-like re-
ceptors, C-type lectin receptors),
cytosolic receptors (e.g. NOD-
like receptors, RIG-I, MDA5) as
well as receptors, which are both
secreted or membrane-bound
(prototypic examples, CD14 and
LPS-binding proteins) (Table 1).
These molecules are produced by
a variety of resident and non-resi-
dent, infiltrative cells in the upper
respiratory tract including epi-
thelial cells, dendritic cells (DCs),
macrophages, and mast cells. DCs
can be subdivided into classic
myeloid (mDC) and plasmocytoid
(pDC) types which are thought to
originate from a common DC-pre-
cursor in the bone marrow. mDCs
form of subepithelial web, they are
rich in pattern-recognition recep-
tors and, therefore, sensitive to
microbes, inflammation, and cel-
lular stress. pDCs are particularly
relevant for the anti-viral respons-
es, they are expressing TLR7 and
TLRY and release large amounts

RHINITIS
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KEY MESSAGES

e Microbial pattern recognition represents an important task of
the innate immune system in the upper airways

e Resident cells (macrophages, dendritic cells, epithelial cells, and
mast cells) contribute to microbe and allergen recognition

e The tissue infiltrating celllular response of the innate immune
system mainly consists of neutrophils and NK-cells

e Microbes either amplify the inflammatory response or may
prevent the development of allergic rhinitis in the context of

the “hygiene hypothesis”

e The underlying mechanisms of pro- and anti-allergic immune
responses are still not fully elucidated

of interferon-a. Recently, also
mast cells (MCs) have been identi-
fied as important regulators in the
upper airways. MCs express TLR1,
TLR2, TLR4, and TLR6, comple-
ment receptors for C3a and C5a.

Upon stimulation (microbial, an-
tigen, allergen, or cellular stress)
more cells belonging to the innate
immune system are recruited.
From these cells, innate lymphoid
cells will be discussed in detail
chapter A6. Neutrophils represent
the prototypic circulating phago-
cyte, which belong to the first
line defense mechanism. Another
important cell type is the NK-cells
exhibiting unique features. They
are lymphoid cells, which do not

The innate immune response in allergic rhinitis

express the classical antigen-spe-
cific receptors. NK-cells express a
variety of anti-microbial receptors
including TLR2, TLR3, TLR4, TLR5,
TLR7, and TLR8. NK-cells play a
critical role in anti-microbial ac-
tivities, regulation of apoptosis in
target cells, they are producing in-
terferon-y, TNF-a, but also a vari-
ety of TH2-cytokines including IL-
5, IL-10, and IL-13. Furthermore,
they produce type-l interferon,
IL-12, and IL-18.

The cellular network of the innate
immune response is important in
regulating immune homeostasis in
the local tissue. From a functional
point of view, microbial encounter
may either amplify the inflamma-
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Pattern Recognition Receptors

PAMP Structures Recognized

Membrane Bound

Toll-like receptors

Microbial PAMP's

C-type lectin receptors

Mannose receptor (CD206)

Microbial mannan

DECTIN-1

B-1,3-Glucan

DECTIN-2 Fungal mannose

DC-SIGN Microbial mannose, fucose

Siglecs Sialic acid-containing glycans
Cytosolic

NOD-like receptors

Peptidoglycans from gram-negative bacteria

Bacterial muramyl dipeptides

Anthrax lethal toxin

Microbial RNA

Bacterial flagellin

RIG-I and MDA5

Viral double-stranded RNA

Secreted

Antimicrobial peptides

Microbial membranes (negatively charged)

a-and B-defensins

Cathelicidin (LL-37)

Dermcidin

Regllly

Collectins

Mannose-binding lectins

Microbial mannan

Surfactant proteins A and D

Bacterial cell wall lipids; viral coat proteins

Pentraxins

C-reactive protein

Bacterial phospholipids (phosphorylcholine)

Secreted and Membrane Bound

CD14 Endotoxin
LPS-binding protein Endotoxin
MD-2 Endotoxin

tory response (e.g. Staphylococcus aureus) or may prevent the develop-
ment of allergic inflammation in the context of the “hygiene hypothesis”.
However, the detailed molecular signals and pathways leading either to
augmentation and enhancement or to the prevention of the respons-
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es have not been fully elucidated
yet. Certainly, further research is
needed in this field.

In addition to microbes, many al-
lergens may directly interact with
cells of the innate immune system.
One prominent example is the
structural and functional homol-
ogy of defined allergenic compo-
nents with the pattern recognition
system (e.g. Der p 2 is a homolog
for MD-2; Derp 7, Fel d 1, Mus m
1, and Equ c 1 are homologs for
lipid-binding proteins). Further-
more, many allergens exhibit pro-
tease activity that is associated
with their allergenicity. Examples
are Derp 1, Der p 3, and Derp 9.

In conclusion, the innate immune
system plays a critical role in the
first line interaction between the
environment and the host. This in-
cludes the interactions with path-
ogens, immune-regulatory mi-
crobes, allergens, and toxins. This
first line defense mechanism plays
also an important role in orches-
trating the subsequent adaptive
immune response leading either
to tolerance or (chronic) inflam-
mation.
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Mast cells (MCs) have been con-
ventionally known to play a crucial
role in the immediate phase aller-
gic reaction (Figure 1). However,
over the last 20 years studies fo-
cused on nasal and bronchial MCs
have clearly shown their wider
involvement in ongoing inflam-
mation in AR and asthma. More
recent human studies implicate
an important role for MCs also
in other airway diseases such as
chronic obstructive pulmonary
disease, respiratory infections
and lung fibrosis. While their roles
mainly include immune-modula-
tory, pro-inflammatory and pro-fi-
brotic activities, MCs can also
downregulate inflammation and
participate in the defense against
respiratory infections.

Human MCs were classified into
two phenotypically distinct sub-
populations based on the type of
neutral proteases they express,
namely MC (T) that contain only
tryptase, and MC (TC) that con-
tain chymase, cathepsin G and
carboxypeptidase in addition to
tryptase. In patients with AR, MC
(T) are found to abundantly accu-
mulate in the epithelial compart-
ment of the nasal mucosa. Among
the factors that induce the selec-
tive accumulation of MCsls into

Mast cell in allergic rhinitis
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ALLERGIC RHINITIS

e Mast cells are critical cells in the early phase allergic reaction
and are major producers of histamine, leukotrienes and

prostaglandins

e Mast cells also produce a variety of inflammatory cytokines and
chemokines in allergic rhinitis (AR) that regulate the late phase

reaction

e |gE-activated mast cells express high levels of the high affinity
IgE receptor (FceRl), the CD40L, produce IL-4 and IL-13 and
induce local IgE synthesis in B cells in the nasal mucosa of the

AR patient

e Mast cells can autoactivate themselves via upregulating the
FceRI by IgE or IL-4 and thus amplify the ongoing inflammation

via the IgE-FceRI cascade

the allergic nasal epithelium, Nils-
son et al. have suggested stem cell
factor (SCF), Salib et al. suggested
TGF-B | and more recently Ozu et
al. have shown that RANTES is
the key molecule regulating the
intraepithelial migration of MCs.

Activated MCs release a varie-
ty of cytokines such as IL-4, IL-5,
IL-6, IL-8, IL-10, IL-13 and TNF-q,
express high levels of very-late
activation antigen (VLA) 4 and
5 and via interactions with the
extra cellular matrix can upreg-
ulate cytokine secretion. Such a
mechanism may contribute to the
enhancement of MCs activation
especially when the levels of an-

tigen in the microenvironment are
rather low and contribute to nasal
hyperresponsivess.

The local production of IgE in the
nasal mucosa of AR patients is
well established. Cytokines like
IL-4, and IL-13 released from T
cells help drive B cells toward IgE
synthesis and can contribute to
the local IgE synthesis and MCs
can orchestrate ongoing allergic
inflammation (Figure 2). Further-
more, IgE and IL-4 can upregu-
late the FceRI expression in MCs.
The augmented FceRl can bind
increased number of IgE-Ag com-
plexes, which in turn can enhance
the sensitivity of MCs to allergen

11
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Immediate hypersensitivity reaction (minutes after antigen exposure)
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Figure 1 Mast cells and the immediate hypersensitivity reaction.

resulting in the enhancement of
the production of immunomodu-
latory cytokines and chemical me-
diators, leading to a positive-feed-
back amplification loop involving
the IgE-IgE receptor mast cell cas-
cade. More recently, it has been
shown that oxidative stress may
upregulate the IL-4 gene expres-
sion in mast MCs. MCs can also in-
teract with structural cells, such as
epithelial cells and activate these
cells or be activated by these cells
via cytokines like IL-25, IL-33 and
chemokines like RANTES.
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There are several therapies target-
ing MCs for AR. With MCs being
the major producers of histamine,
leukotrienes and prostaglandins
(e.g. prostaglandin D2), the clini-
cal efficacy of antihistamines, an-
ti-leukotrienes in AR can be inter-
preted as a strong indication of a
significant mast cell role in AR. The
pioneering drug in this context,
the anti-IgE monoclonal antibody
omalizumab, has been shown to
reduce both inflammatory param-
eters, as well as patient-related
outcomes (e.g. symptom scores

and quality of life) in asthmatics
and in patients with AR (although
omalizumab is not indicated in AR
alone).
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Figure 2 Mast cells orchestrate the ongoing allergic inflammation in AR: under allergic inflammatory conditions,
"primed" MCs produce IL-4 and IL-13 and express high levels of the high affinity receptor for IgE and the ligand for
the surface antigen CD40, involved in T/B cell interactions leading to IgE production. IL-4 from MCs cells can direct

uncommitted helper T lymphocytes toward Th2 and also upregulate the FceRI expression in MCs and basophils.

nasal lavage fluid: characteriza-
tion of one chemotaxin as c-kit
ligand, stem cell factor. Aller-
gy 1998;53:874-879.

Salib RJ, Kumar S, Wilson SJ, How-
ar th PH. Nasal mucosal immuno-
expression of the mast cell che-
moattractants TGF-beta, eotaxin,
and stem cell factor and their re-
ceptors in allergic rhinitis. J Aller-
gy Clin Immunol 2004;114:799-
806.

Pawankar R, Okuda M, Haseg-
awa S, Suzuki K, Yssel H, Okubo
K, et al. Interleukin-13 expression
in the nasal mucosa of perennial
allergic rhinitis. Am J Respir Crit
Care Med 1995;152:2059-2067.

Bradding P, Feather IH, Wilson S,
Bardin PG, Heusser CH, Holgate

Mast cell in allergic rhinitis

ST, et al. Immunolocalization of
cytokines in the nasal mucosa of
normal and perennial rhinitic sub-
jects. The mast cell as a source
of IL-4, IL-5, and IL-6 in human
allergic mucosal inflammation. J
Immunol 1993;151:3853-3865.

Pawankar R, Yamagishi S, Takiza-
wa R, Yagi T. Mast cell-IgE-and
mast cell-structural cell inter-
actions in allergic airway dis-
ease. Curr Drug Targets Inflamm
Allergy 2003;2:303-312.

Toru H, Pawankar R, Ra C, Yata
J, Nakahata T. Human mast cells
produce IL-13 by high-affinity IgE
receptor cross-linking: enhanced
IL-13 production by IL-4-primed
human mast cells. J Allergy Clin
Immunol 1998;102:491-502.

8.

10.

Pawankar R, Ra C. Heterogeneity
of mast cells and T cells in the na-
sal mucosa. J Allergy Clin Immu-
nol 1996;98:5248-262.

Pawankar R, Okuda M, Yssel H,
Okumura K, Ra C. Nasal mast
cells in perennial allergic rhinit-
ics exhibit increased expression
of the FcepsilonRI, CD40L, IL-4,
and IL-13, and can induce IgE
synthesis in B cells. J Clin In-
vest 1997;99:1492-1499.

Saluja R, Ketelaar ME, Hawro T,
Church MK, Maurer M, Nawijn
MC. The role of the IL-33/IL-1RL1
axis in mast cell and basophil ac-
tivation in allergic disorders. Mol
Immunol 2015;63:80-85.

13

SWiISiuBYIAW - SIUIY D184 - ¥ NOILDAS



_ GLOBAL ATLAS OF ALLERGIC RHINITIS AND CHRONIC RHINOSINUSITIS

SECTION A - Allergic rhinitis - mechanisms

BASOPHILS IN

ALLERGIC RHINITIS

Edward F. Knol

University Medical Center Utrecht

Basophils are rare leukocytes that
mature in the bone marrow and
are released as mature cells in the
peripheral blood. Basophils share
many properties with mast cells,
but are from a different lineage
and, in general, are more respon-
sive to different types and lower
concentrations of stimuli. Most
importantly, mast cells are tis-
sue-bound, while basophils rep-
resent a population of rapidly mi-
grating leukocytes that infiltrate
tissue sites when needed.

BASOPHIL PRESENCE IN

NASAL MUCOSA IN ALLERGIC
RHINITIS

Several studies have demonstrated
basophils in the nasal mucosa in
allergic rhinitis (AR) patients. The
research group at Johns Hopkins
University under supervision of
Lawrence Lichtenstein, claiming
that the nose was the only organ
in which you could sample with a
pipette, has been pioneering in this
area by thorough analysis of medi-
ators and cells in nasal mucosa. In
the allergen-induced late-phase re-
action, a typical basophil mediator
profile and cells representing baso-
phils were found. Other groups us-
ing the basophil-specific antibod-
ies BB1 and 2D7 confirmed this
increased basophil numbers (Fig-
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KEY MESSAGES

e Basophils are potent effector cells in allergic diseases

e Basophils infiltrate the nasal mucosa during the inflammatory
process in allergic rhinitis (AR)

e Products released by basophils in the nasal mucosa retain the
inflammatory process

e Treatment of AR directly or indirectly affects basophils
activation and presence in nasal mucosa
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Figure 1 Photomicrograph of basophils (BB1-positive cells (red)) in the
epithelium and lamina propria of a nasal mucosa biopsy section obtained
from an allergic patient before (A) and 24 hours after (B) allergen provocation.
(Adapted from KleinJan A, McEuen AR, Dijkstra MD, et al. Basophil and eosinophil
accumulation and mast cell degranulation in the nasal mucosa of patients with hay
fever after local allergen provocation. J Allergy Clin Immunol 2000;106:677-686.)

Basophils in allergic rhinitis
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Figure 2 Basophils activation by different type of stimuli. The most prominent
activation is via allergen interacting with IgE causing crosslinking of FceRI.
Bacterial products can crosslink IgE independent of its antigen specificity.

Other stimuli can stimulate the cells via binding to specific receptors.
Activation of basophils results in release of several types of mediators and
cytokines/chemokines that are important in allergic diseases, as well as
expression of co-stimulatory molecules.

ure 1). Importantly, basophil pres-
ence is reduced upon successfully
treatment with local steroids or af-
ter immunotherapy. Production of
chemokines in the nasal mucosa is
most likely responsible for the ba-
sophil infiltration. The nasal appli-
cation of the chemokine RANTES/
CCL5 leads to influx of basophils.

BASOPHIL PRODUCTS

Basophils are supposed to play an
important role via their products
released. Next to histamine, baso-
phils can release many pre-formed
and newly formed mediators, such
as leukotriene C4 and platelet-acti-
vating factor. In addition, basophils
are potent sources of cytokines
and chemokines. An additional
mechanism that basophils might
use is the stimulation of cells via
co-stimulatory molecules. CD40L
on basophils will activate local B
cells via binding to their CD40 and
via simultaneous release of IL-4
might drive local IgE production.

Basophils in allergic rhinitis

STIMULATION OF BASOPHILS
Although it is unlikely that high
levels of allergens will still be
present when basophils infiltrate
the nasal mucosa, there are sev-
eral allergen-independent ways
that activate basophils (Figure
2). Chemokines are not only im-
portant to attract basophils, but
also induce their degranulation in
higher concentration. Locally pro-
duced cytokines will stimulate ba-
sophils, either on their own or in
combination with other cytokines
and mediators, including innate
cytokines such as IL-33.

Human basophils, in contrast to
their murine counterpart, lack
PAR2 receptors, so it is unlikely, if
proteases derived from allergens
can activate. On the other hand,
bacterial products, such as cell
wall proteins from Staphylococ-
cus aureus and Peptostreptococcus
magnum can activate basophils via
crosslinking IgE, while formyl-me-

thionine-containing  tripeptides
from microbes can directly acti-
vate basophils.

PERIPHERAL BLOOD
BASOPHILS IN AR

After nasal allergen challenge ba-
sophils from the peripheral blood
are stimulated indicating that the
local allergic inflammatory process
affects also systemically. In addi-
tion, AR patients have increased
numbers of basophil progenitors
in their blood, probably due to
continuous release of basophil dif-
ferentiation factors in the tissue.

In conclusion, basophils and their
products can be found in nasal mu-
cosa of AR patients. It is tempting
to believe that these cells are im-
portant for the pathomechanism
in this disease. However, the pres-
ence of many other inflammatory
cells and their products makes it a
challenge to dissect the exact role
of basophils in this disease.
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Group 2 innate lymphoid cells
(ILC2s) are a recently-discov-
ered population of lymphocytes
that produce high levels of Th2
cytokines (IL-4, IL-5, IL-9, IL-13)
that promote allergic inflamma-
tory responses in animal models.
Human ILC2s are defined by ex-
pression of the prostaglandin D2
(PGD2) receptor DP2 (also known
as CRTH2) in addition to being
lineage-negative (lack surface ex-
pression for B, T, NK, and NKT cell
as well as mast cell and basophil
markers). ILC2s are enriched in
nasal polyps from patients with
chronic rhinosinusitis (CRS) and
are increased in eosinophilic com-
pared with non-eosinophilic polyp
endotypes. Unlike conventional T
cells, ILC2s are not antigen spe-
cific and are activated by sever-
al mediators including cytokines
TSLP and IL-33, as well as lipid
mediators prostaglandin D2 and
cysteinyl leukotrienes (Figure 1).
Importantly, these mediators have
been detected at higher levels in
CRS patients and are thus availa-
ble for ILC2 activation.

Two studies have investigated the
effects of allergen exposure on
peripheral blood ILC2s in patients
with allergic rhinitis (AR). In the
first study, changes in peripheral
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INNATE LYMPHOID CELLS
IN ALLERGIC RHINITIS

e Group 2 innate lymphoid cells (ILC2s) are a recently discovered
population of lineage-negative lymphocytes that produce Th2

cytokines

e |[LC2s have been detected in human sinonasal tissue and are
enriched in eosinophilic nasal polyps from chronic rhinosinusitis

patients

e Cat allergen challenge in allergic rhinitis subjects resulted in
increased peripheral blood ILC2s

e Peripheral blood ILC2s are increased in pollen-allergic rhinitis
patients during pollen season and decreased by subcutaneous

immunotherapy

blood ILC2s were assessed four
hours after cat allergen challenge in
AR subjects with positive cat chal-
lenges. The percent of CRTH2+
ILC2s was increased 2-fold after
cat allergen challenge compared
to diluent control challenge given
to the same subjects at a separate
visit. The second report demon-
strated that peripheral blood ILC2s
were increased during grass pollen
season in pollen AR patients. In-
terestingly, the levels of peripher-
al blood ILC2s were also reduced
by subcutaneous immunotherapy.
The function of peripheral blood
ILC2s after allergen exposure in AR
is not known, but may involve re-
cruitment of ILC2s from the bone
marrow that are bound for tissues.

Importantly, ILC2s express CRTH2
that binds to PGD2 and is known
to promote chemotaxis of immune
cells including ILC2s. High levels
of PGD2 are rapidly produced af-
ter airway allergen challenge and
could thus promote ILC2 recruit-
ment in AR.

There are currently no studies ad-
dressing the role of tissue ILC2s
in AR. Whether sinonasal ILC2s
are activated after allergen expo-
sure is so far not reported. How-
ever, given the capacity for ILC2s
to generate large amounts of Th2
cytokines that could propagate
chronic inflammation in AR, ILC2s
may be a target of future therapy.
Additionally, whether human tis-
sue ILC2s are corticosteroid sensi-

Innate lymphoid cells in allergic rhinitis



GLOBAL ATLAS OF ALLERGIC RHINITIS AND CHRONIC RHINOSINUSITIS _

Mucus

Cell Recruitment

Remodeling

TSLP, IL-33, IL-25

®
B cell I;E

Mucus
Mast
Cell
CyslLTs
PGD2

Figure 1 Proposed ILC2 responses in AR. Epithelial damage and activation may occur after exposure to allergens,
viruses, or irritants. ILC2s are activated by epithelial cytokines TSLP, IL-33, and IL-25 as well as prostaglandin D2
(PGD2) and cysteinyl leukotrienes (CysLTs) produced by mast cells and eosinophils. In turn, ILC2s produce Th2 cytokines
including IL-4, IL-5, IL-9, and IL-13. ILC2 IL-4 production may contribute to differentiation of Th2 cells and promote IgE
production by B cells. IL-5 secretion induces recruitment, activation and survival of eosinophils. IL-9 promotes mast
cell accumulation and mucus production and IL-13 induces immune cell influx, tissue remodeling and further enhances
mucus production. (Adapted from Doherty TA. At the Bench: Understanding group 2 innate lymphoid cells in disease. J Leukoc

tive is also not known and has sig-
nificant implications for improved
treatment for patients.
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Alterations in the innate immune
system cells, as natural killer (NK)
cells, NK-T (NK-T) cells, y8 T cells,
dendritic cells, and innate lym-
phoid cells, play a pivotal role in
the development and immuno-
modulation of allergic rhinitis (AR).

NK-CELLS

NK cells not only exert cytotox-
ic activity against tumor cells or
infected cells but also act to reg-
ulate the function of other im-
mune cells through secretion of
cytokines and chemokines or cell
contact-dependent mechanisms.
Human NK cells have the capacity
to differentiate into two function-
al distinct subsets, NK1 or NK2,
which are analogous to the T-cell
subsets Thl or Th2. In addition,
a regulatory NK cell subset has
been described that secretes IL-
10, shows antigen-specific T-cell
suppression, and suppresses IgE
production.

The percentage of NK cells and
their cytotoxic activity are high-
er in patients with AR compared
with non-atopic subjects. Addi-
tionally, patients with atopic res-
piratory diseases have a higher
activity of NK cells. The role of
type 2 cytokines in allergic dis-
eases has been established, and
NK cells are possibly the source of
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e [Inflammation in allergic rhinitis (AR) is partially mediated by the

innate immune system

e In vivo existence of type 2 cytokine-producing NK cells and
increased NK - cytotoxic capacity in patients with AR support

the role of NK cells in AR

e Limited findings in NK-T cells suggest that NK-T cells are not
directly related to the development of AR, but they may play
important roles in the development of chronic sinusitis

Th2 cytokines. IL-4* NK cells were
significantly higher while IFN-y*
NK cells were non-significantly
lower in AR patients compared to
healthy non-atopic subjects. IL-13
secretion from NK cells was also
significantly higher. These findings
confirm the existence of type 2
cytokine-secreting NK cells in AR
and show their increased number
and enhanced cytotoxicity com-
pared to normal individuals.

In chronic rhinosinusitis, de-
creased NK cell functions were
associated with some poor prog-
nostic factors such as peripheral
blood eosinophilia. Thus, NK cells
may play an important role in reg-
ulating inflammatory process also

in chronic sinusitis pathogenesis.

NK-T CELLS

NK-T cells are a unique CD1d-re-
stricted T cells with NK cell sur-
face markers and play important
roles in innate immunity. The
NK-T cells were detected with
varying degrees in the sinus mu-
cosa from asthmatic patients with
chronic sinusitis, but not in the na-
sal mucosa of non-asthmatics nor
in the nasal mucosa of patients
with AR. NK-T cells might play im-
portant roles in the enhanced Th2
cytokine expression and increased
infiltration of Th2 cells and eosin-
ophils observed in the sinus mu-
cosa of asthmatic patients with
chronic sinusitis through MHC-in-
dependent mechanisms. There is
evidence that alterations of the
NK and NK-T cells are relate to
the development and immuno-
modulation of AR.

Natural killer (NK) and NK-T cells in allergic rhinitis
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Figure 1 The diagram shows a hypothetical scheme of the potential role of NK cells in the network of immune cells.
NK cells play an important role in innate and adaptive immunity, and they can influence the development of dendritic
cells (DC) & macrophages (M) and adaptive T- & B-cell immune responses. Cytokines, such as interferon IFN-y, which
are produced by activated NK cells, activate cytotoxic T lymphocytes (CTL) and helper T cell (Th) responses. This leads to
the proliferation of helper T cells and cytokine production. Cytokines that are produced by NK cells might also regulate
antibody production of B cells. (Reprinted from J Allergy Clin Immunol, 132/3, Deniz G, van de Veen W, Akdis M. Natural killer
cells in patients with allergic diseases, 527-535, Copyright 2013, with permission from Elsevier.)
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New human in vivo models are
needed for allergy and asthma re-
search. Tonsils are secondary lym-
phoid organs and primary naso-
pharyngeal lymphoid tissue. The
four areas of tonsil tissue in the
naso- and oropharynx are shown
in Figure 1. Their highly cryptic
structure is ideal for sequester-
ing food- and aeroallergens and
infectious agents for their first
contact with the immune system
(Table 1, Figure 2). Palatine ton-
sils are removed by tonsillectomy
without disturbing the integrity of
the relatively big lingual tonsil as
well as tubal tonsils. Due to their
anatomic location, tonsils provide
a new in vivo model for the under-
standing of immune response de-
velopment and immune tolerance
induction.

INDUCTION AND

MAINTENANCE OF ALLERGEN-
SPECIFIC FOXP3 TREG CELLS IN
HUMAN TONSILS

Active regulation of peripheral T-cell
repertoire is an essential mecha-
nism for inducing and maintaining
tolerance to allergens. The genera-
tion of regulatory T (Treg) cells con-
stitutes a main component of oral
tolerance induction. Allergen-spe-
cific CD4*FOXP3* T reg cells with
suppressive activity exist in human
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e Tonsils represent an innovative in vivo human model to
directly investigate allergen/antigen-specific immune response
development

e Functional allergen-specific FOXP3* Treg cells are identified in
tonsils

e Certain innate immune response signals and pro-inflammatory
cytokines break allergen-specific CD4* T-cell tolerance in tonsils

e Tonsillar immune response profile can be influenced by
respiratory virus infections, allergic conditions and age and
show distinct clusters of immune activation/regulatory versus
anti-viral immune response

TABLE 1

Facts about tonsil immunology

Tonsils represent first line lymphatic organs, a fully organized lymphoid tissue
with high exposure to aeroallergens, food antigens and to infectious agents

The highly cryptic structure of tonsils sequesters all swallowed or inhaled par-
ticles and allows long-term exposure of antigens. The pressure of swallowing
further squeezes these particles against tonsil tissue

Tonsils express high levels of allergen-specific T cells, T regulatory cells, plas-
mocytoid dendritic cells and innate lymphoid cells

Tonsillectomy only removes the palatine tonsils and sometimes adenoids. The
lingual tonsil, which is anatomically big, remains intact and is immunologically

active lifelong

palatine and lingual tonsils. Their
frequency is approximately 3 times
higher in tonsils compared to pe-

ripheral blood. Thus, tonsils have an
active role in the first step of oral
tolerance induction.

The immune response in tonsils
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TRIGGERING OF SPECIFIC
TOLL-LIKE RECEPTORS

AND PRO-INFLAMMATORY
CYTOKINES BREAKS
ALLERGEN-SPECIFIC T-CELL
TOLERANCE IN HUMAN
TONSILS

Human tonsils show very low lev-
els of allergen-induced T cell pro-
liferation, thus representing a very
suitable in vivo model to assess
mechanisms of breaking aller-
gen-specific T cell tolerance. Dur-
ing these events dendritic cells
(DCs) can control the suppressive
activity of Treg cells. Plasmocytoid
DCs dominate in both lingual and
palatine tonsils. CD4*FOXP3* Treg
cells co-localize with plasmocyto-
id DCs and proliferate in T cell are-
as of tonsils. Triggering of TLR4 or
TLRS, as well as IL-1B or IL-6 are
able to enhance allergen-specific
CD4* T-cell responses in human
tonsils. Myeloid DCs is the main
DC subset mediating such effects,
whereas plasmocytoid DCs or
other innate stimuli (such as stim-
ulation of TLR-7 and TLR-9) do
not show any tolerance-breaking
effect.

DISTINCT REGULATION

OF TONSILLAR IMMUNE
RESPONSE IN RESPIRATORY
VIRAL INFECTIONS
Susceptibility to certain viral infec-
tions and defects in viral clearance
could play a role in pulmonary in-
flammatory processes. Deficient
innate and adaptive immune re-
sponses contribute to the morbid-
ity and mortality of viral infections.
Tonsillar cytokine expression is
closely related to existing viral in-
fections, age and allergic diseases
and show distinct clusters be-
tween anti-viral and immune reg-
ulatory genes (Figure 3).

The immune response in tonsils

Deep cervical and
retropharyngeal
lymph nodes

Adenoid tonsil

Palatine
tonsils

Lingual tonsil

Jugulodigastric
lymph nodes

Figure 1 The 4 areas of tonsil tissue: the paired palatine tonsils (at both sides
in the back of the mouth), the nasopharyngeal or adenoid tonsil (attached
to the roof of the pharynx), the paired tubal tonsils (at the openings of the
Eustachian tubes), and the lingual tonsil (located at the back of the tongue).
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Figure 2 Age-dependent decrease in intratonsillar virus detections. (Adapted
from Jartti T, Palomares O, Waris M, et al. Distinct regulation of tonsillar immune
response in virus infection. Allergy 2014;69:658-667.)
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Figure 3 Age-dependent adjusted network representation of the significant intratonsillar gene correlations according
to intratonsillar virus infection and allergic status. Nodes indicate genes. Lines indicate presence of significant
correlations. Positive correlations are displayed as red and negative correlations as blue. The line thickness is

proportional to the magnitude of the correlation coefficient. (Adapted from Jartti T, Palomares O, Waris M, et al. Distinct

regulation of tonsillar immune response in virus infection. Allergy 2014;69:658-667.)
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EOSINOPHILS IN
ALLERGIC RHINITIS

Meri K. Tulic
University of Nice Sophia Antipolis
Nice, France

Allergic rhinitis (AR), or allergic in-
flammation of the nasal airways,
is the most prevalent chronic
non-communicable disease, af-
fecting 10-25% of people annu-
ally. The characteristic symptoms
of AR are rhinorrhea (excess nasal
secretion), itching, sneezing, na-
sal congestion and obstruction.
The immune response in AR is
initiated by T cell production of
Th2 cytokines, which drive IgE
cross-linking on surface of mast
cells resulting in release of pre-
formed mediators such as his-
tamine, leukotrienes and pros-
taglandins (early response). This
is followed by recruitment of
inflammatory cells, namely eo-
sinophils and CD4+ T cells to the
nose resulting in nasal edema and
obstruction (late phase). The key
features of AR (which distinguish
AR from other forms of rhinitis
such as non-allergic rhinosinusitis)
include allergen-specific IgE and
eosinophilic inflammation.

The presence of eosinophilia in
the nasal mucosa of AR patients
has been long established (Figure
1A). Nasal allergen provocation
in AR patients leads to increase
in tissue eosinophilia (Figure 1C
and D), as well as expression of
pro-eosinophilic cytokines such

Eosinophils in allergic rhinitis

Qutayba Hamid
McGill University

Montreal, Canada

KEY MESSAGES

e allergen-specific IgE and eosinophilic inflammation are key
features that distinguish allergic rhinitis (AR) from other forms

of rhinitis

e the presence of eosinophilia in the nasal mucosa of AR patients
has been long established and has been related to disease
severity and to the occurrence of co-morbidities such as nasal
polyps and chronic rhino-sinusitis

e exposure to allergen increases nasal eosinophilia, while steroids
and allergen immunotherapy significantly diminishes it

as IL.-5 and GM-CSF. Following
allergen challenge, there is a local
increase of eosinophil precursors
and progenitors in the nasal tissue
as well as local eosinophil differ-
entiation. In seasonal AR, there is
an accumulation of activated eo-
sinophils during natural grass-pol-
len exposure. Eosinophil counts as
well as eosinophil cationic protein
(ECP) in nasal secretions were re-
lated to the severity of symptoms
in seasonal AR and can be used for
the diagnosis and management of
AR.

Chronic and/or untreated AR may
result in complications which in-
clude recurrent chronic sinusitis
and formation of nasal polyps.
There is a large accumulation of

eosinophils and their cytokines in
both of these cases. These effects
can be largely attributed to IL-5
and eotaxin (Figure 2), an eosino-
phil chemo-attractant, whose pro-
duction is significantly increased
in the nasal mucosa, although
others including GM-CSF and
RANTES are likely to contribute.

In grass-sensitive patients, aller-
gen immunotherapy effectively
inhibits allergen-induced infiltra-
tion of eosinophilia. Steroids ef-
fectively reduce activated eosino-
phils in seasonal AR (Figure 1B), in
patients with nasal polyps or with
severe chronic sinusitis. Together
these data suggest that eosino-
phil is a critical cell involved in the
pathogenesis of AR.
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Figure 1 Increased eosinophil numbers in biopsies from patients with
allergic rhinitis (A) is inhibited with use of steroids (B). Increased presence
of eosinophils in the nasal inferior turbinate in allergic rhinitis (C) is further

augmented after (D) allergen challenge.

Figure 2 Eotaxin immunoreactivity (A) and mRNA (B) (in situ hybridization) in
the nasal mucosa of a patient with allergic rhinitis (A). Eotaxin co-localises with
cytokeratin (C) in the nasal epithelium as well as with local inflammatory cells.
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ANTIGEN PRESENTING
CELLS IN ALLERGIC RHINITIS

The processing and presentation
of allergens by antigen-present-
ing cells (APC) to T-lymphocytes
is a prerequisite for allergic sen-
sitization and thus for the allergic
reaction per se. However such a
reaction will develop, only under
specific conditions, while the nor-
mal response that is induced is im-
mune tolerance to allergens. The
type and amount of allergen as well
as the context in which APCs come
into contact with antigens is crucial
for the final fate of the immunolog-
ic reaction toward the antigen.

A number of different cell types
are capable of acting as APCs, but
the most important and effective
are dendritic cells (DC). Mainly,
three different types of dendritic
cells are present in the human na-
sal mucosa: CD11c+ myeloid DCs
(mDCs) and CD123+ plasmacytoid
DCs (pDCs), and Langerhans cells
(CD1a+, CD207+) that have differ-
ent properties and ontogeny. In the
human nasal mucosa, dendritic cells
have first been described by Haas,
and Langerhans cells by Fokkens.
Recent literature has furthermore
demonstrated that mDCs and pDCs
are both present in the mucosa of al-
lergic rhinitis (AR) patients and that
their reaction after allergen contact
might promote inflammation.

Antigen presenting cells in allergic rhinitis

Martin Wagenmann
Heinrich-Heine-University

Diisseldorf, Germany

KEY MESSAGES

e Antigen-presenting cells act at the interface of innate and
adaptive immunity and are crucial in determining whether
allergic sensitization or tolerance develops

e Themostimportant antigen-presenting cells the in nasal mucosa
in allergic rhinitis are myeloid and plasmacytoid dendritic cells

and Langerhans cells

e Dendritic cells process the allergen into small peptides that are
presented onto MHCI and MHCII to T cells

e Dendritic cells can induce, maintain and propagate allergic
inflammation and represent relevant therapeutic targets

DCs process the allergen into
small peptides that are presented
onto MHCI and MHCII to T cells.
They act at the interface of innate
and adaptive immunity and can
set the course toward a Th2-type
allergic reaction or - under differ-
ent circumstances - toward Th1l-,
Th17-, or T regulatory reactions.
Generally, antigen presentation by
pDCs will lead to tolerance while
engagement of mature DCs will
promote allergic reactions. Impor-
tant determinants for the type of
immunologic reaction are the cy-
tokine milieu at the site, the time
of contact and the concurrent ex-
posure to adjuvants, such as diesel
exhaust particles or enzymatically
active allergen components.

Apart from their essential role in
the pathogenesis of allergic re-
actions, dendritic cells have also
been demonstrated to be relevant
in the maintenance and propaga-
tion of allergic inflammation and
thus in the development of clinical
symptoms.
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THE ROLE OF T- AND

Cornelis M. van Drunen
Academic Medical Center

B-LYMPHOCYTES IN
ALLERGIC DISEASE

Amsterdam, the Netherlands

The general role of T and B lym-
phocytes in the adaptive immune
response is well established (Fig-
ure 1). Depending on the specific
microbiological threat the immune
system encounters a dedicated
subclass of CD4 T helper cells is
induced by the interaction and ac-
tivation of dendritic cells. These
T helper cells in turn may induce
and activate effector cells such as
eosinophils or neutrophils, or may
activate B cells to become plasma
cells that produce pathogen specif-
ic immunoglobulins.

In the case of allergy, harmless en-
vironmental molecules like grass
or tree pollen, animal dander, or
house dust mite droppings are
mistaken for parasites and the
immune system elicits a strong
Th2 and IgE-driven response that
fails to remove these “irrelevant
threats” yet does induce the clin-
ical symptoms of rhinorrhoea,
nasal congestion, and itching. An-
other specific class of T cells, the
regulatory T cells (Tregs) is able to
dampen immune responses. Dis-
tinct subclasses of Tregs can be
discerned that differ in their origin
(naturally occurring and produced
in the thymus or induced in the pe-
riphery) and/or expression of the
differentiation markers Foxp3 and

KEY MESSAGES

e Allergic disease is a case of mistaken identity, where a parasitic T
and B cell response is triggered against harmless environmental

molecules

e In allergic disease not only eosinophils of prototypical Th2
responses are recruited, but also neutrophils of the Th17 type
and macrophages of the Th1 type play roles

e Plasticity of pro-inflammatory and regulatory T and B cells adds
a new layer of complexity to the immune response

e Understanding regulatory networks that control T and B cell
differentiation could potentially identify molecular targets for

intervention

CD25, or the expression of the ef-
fector cytokines IL-10 and TGF-be-
ta. Just like the expression of effec-
tor cytokines define and mediate
the downstream effects of T helper
cells, the induced or constitutive
expression of 1L-10 and TGF-beta
by Tregs inhibits the activation of
other T-, B-, and dendritic cells, or
the antigen driven activation of
mast cells. In the case of Foxp3-
CD25 positive Tregs that do not
produce IL-10 or TGF-beta, a di-
rect physical interaction with other
T cells blocks the T cell receptor
mediated activation. Interestingly,
these Tregs have been shown to be
part of the mechanism by which al-
lergen immunotherapy suppresses
symptoms.

The role of T- and B-lymphocytes in allergic disease

T and B cells have been used in
many in vivo, in vitro, or animal mod-
el systems to study specific diseas-
es like allergy. Current interests try
to link specific genomic mutations
(SNPs), expression profiles, or epi-
genetic changes in T and B cells to
the risk of individuals to develop
allergy or to study the regulatory
network that controls the activity
and functionality of these cells.
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Cytokines are soluble proteins or
peptides that act as the hormones
- messengers - of the immune
system. They confer cell-to-cell
communication, which may take
place between adjacent cells (jux-
tacrine) or cells in different organs
of the body (para- or endocrine).
A cytokine signal is delivered via
a receptor on the surface of a
cell, and since different cells may
express the same receptor, a cy-
tokine can have several functions
(pleiotropy) depending on the tar-
get cell.

A special subgroup of cytokines
is constituted of the so-called
chemokines that attract leuko-
cytes to the site of inflammation,
and the immune system uses
these to move leukocytes in the
tissues, when they have left the
bloodstream. The chemokines are
key players in attracting the leu-
kocytes to inflamed areas such as
the nose in allergic rhinitis (AR).
The chemokines have a fairly sim-
ilar biochemical structure, and are
divided according to the place-
ment of two intramolecular cys-
tin-bridges (Figure 1) into groups:
CC, CXC or CX3C, where X de-
notes a non-cystein amino acid
residue.

Various groups of cytokines are
responsible for the different phas-
es of the allergic sensitization

CYTOKINES AND

CHEMOKINES IN ALLERGIC

RHINITIS

Lars K. Poulsen

National University Hospital

Copenhagen, Denmark

KEY MESSAGES

e Cytokines ensure communication between the immune system
cells and with other cells of the body and act as a network
governing the elicitation, amplification and resolution of

inflammation

e Several subtypes of cytokines are described according to their
main biological effect: sensing cytokines, T-cell instructing
cytokines, effector cytokines and resolving cytokines

e Chemokines create a gradient (chemotaxis) that decides which
type of inflammatory cells and which type of T and B cells are
recruited in the nasal mucosa in allergic rhinitis

(building up the allergic immune
response) and elicitation (reac-
tions upon exposure to an aller-
gen):

The sensing cytokines (Figure 2,
yellow), IL-33, IL-25 and TSLP are
released from the epithelial cells
of the nasal mucosa and signal to
the allergen-presenting dendritic
cells to take up incoming aller-
gens and bring them to the lymph
nodes.

The T-cell instructing cytokines
(Figure 2, green) will instruct un-
differentiated T-helper (CD4+)
cells to develop into differ-
ent kinds of cells, each of them
equipped for different kinds of im-
mune response: IL-12 and y-inter-
feron will produce type 1 T-helper
cells (Th1) that helps fighting bac-
teria and virus, IL-4 leads to Th2

Cytokines and chemokines in allergic rhinitis

cells which fights large multicel-
lular parasites like worms, but un-
fortunately also create the allergic
immune response. Other Th-cell
types such as Th17 (believed to be
active in fighting bacterial fungal
infections, but unfortunately also
involved in autoimmune diseases),
and Tregulatory (dampening the
inflammation) also exists.

T-cell effector cytokines (Figure
2, red) are the cytokines by which
T helper cells exerts their action:
Th2 cells release IL-4 and IL-13,
which instructs B-cells to produce
the allergy antibody IgE, IL-5 that
causes the bone marrow to form
the eosinophilic granulocyte, and
IL-9 that together with IL-13 cre-
ates the allergic inflammation e.g.
in the nose as is the case in allergic
rhinitis.
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Structure of chemokine classes
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Figure 1 Chemokine classes according to their structure. (Copyright Kohidai, L.)

Chemokines (Figure 2, purple).
When chemokines are secreted
from inflammatory cells, a gradient
builds up, where the highest con-
centration is closest to the secret-
ing cell, and in this way different
leukocytes may sense instructions
about direction. The movement of
cells up against a gradient is called
chemotaxis, and the large number
of chemokines and their corre-
sponding receptors, constitute an
elaborate system, that can decide
which inflammatory leukocytes,
e.g. eosinophils, neutrophils, ba-
sophils or T- and B-cell subpopu-
lations are attracted to a certain
site in the nasal mucosa. It is likely
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that the organ in which the aller-
gic reaction takes place: the nose,
the lungs or the skin make use of
different chemokines, thus also
transferring organ specificity to
the inflammatory response. Some
chemokines may also - at higher
concentrations - activate leuko-
cytes to release mediators, and in
this way they become important
the important directing players
in the allergic reaction. The most
important chemokines in the al-
lergic inflammation are eotaxin-1
(CCL11), eotaxin -2 (CCL24) and
eotaxin -3 (CCL26) all of which
act via the CCR3-receptor present
on eosinophils, basophils and cer-

tain T helper-cell populations. An-
other, more generally acting Th2
chemokine, is RANTES (CCL5)
that acts via the CCR5-receptor.
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Figure 2 The complex interplay of cytokines and chemokines inducing, augmenting or resolving inflammation in the
nasal mucosa in allergic rhinitis
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The diagnosis of allergic rhinitis
(AR) depends upon symptoms of
nasal itching/sneezing, watery dis-
charge and congestion following
relevant aeroallergen exposure
accompanied by objective evi-
dence of IgE sensitivity commen-
surate with the history. However,
there is a minority of patients,
who describe typical symptoms
of AR in whom systemic IgE is un-
detectable and skin prick tests are
negative.

Huggins and Brostoff were the
first to demonstrate this phenom-
enon by positive nasal provoca-
tion tests with house dust mite
extract in patients with perenni-
al symptoms on dust exposure
but negative skin tests/serum
IgE concentrations. Subsequent-
ly, local IgE synthesis in AR was
suggested by the detection of in-
terleukin 4 and epsilon gene tran-
scripts by in situ hybridization in B
cells in the nasal mucosa (Figure
1). Local IgE protein production
was confirmed in supernatants
of nasal biopsies cultured in vitro
with IL-4 and CD40 ligand. Actual
heavy chain gene switch recom-
bination occurring locally, rather
than as a consequence of recruit-
ment of already-switched B cells,
was strongly supported by the de-

B2al and systemic IgE in allergic rhinitis

Stephen R. Durham
Imperial College
London, United Kingdom

KEY MESSAGES

LOCAL AND SYSTEMIC IgkE
IN ALLERGIC RHINITIS

e Local production of IgE in target organs may explain why some

patients develop rhinitis, others asthma or eczema alone or in
combination. Conversely the absence of local IgE may explain
why up to 50% of the population who demonstrate positive
skin tests/IgE have no clinical manifestations of allergy

In a minority of patients, typical symptoms of allergic rhinitis
(AR) are described, but systemic IgE and skin prick tests are
uninformative. These patients previously labelled as having
‘non allergic’ or ‘idiopathic’ rhinitis may potentially have a local
IgE-dependent rhinitis

Local IgE synthesis in AR was suggested by the detection of
interleukin 4 and epsilon gene transcripts by in situ hybridization
in B cells in the nasal mucosa and confirmed in supernatants of

nasal biopsies cultured in vitro with I1L.-4 and CD40 ligand

tection of local heavy chain DNA
switch circles and activation-in-
duced cytidine deaminase (AID)
RNA necessary for local switch
recombination to occur.

Whereas allergy is regarded as a
systemic disease, the local pro-
duction of IgE in target organs
may explain why some patients
get rhinitis, others asthma or ec-
zema alone or in combination.
Conversely the absence of local
IgE may explain why up to 50% of
the population, who demonstrate
positive skin tests/IgE have no
clinical manifestations of allergy,
although this remains to be test-

ed. Patients previously labelled as
having ‘non allergic’ or ‘idiopathic’
rhinitis may potentially also have a
local IgE-dependent rhinitis.

In an elegant series of studies
Rondon, Blanca and colleagues
have characterised such ‘local al-
lergic rhinitis’ (LAR) in a Spanish
population. The allergens respon-
sible include house dust mite,
grass pollen and olive pollen. In
such patients, serum specific IgE
and skin tests are uninformative
and nasal provocation testing with
the relevant allergen(s) is needed.
In addition to early and late phase
symptoms, nasal allergen provo-



GLOBAL ATLAS OF ALLERGIC RHINITIS AND CHRONIC RHINOSINUSITIS _

Figure 1 Immunohistology and in situ hybridization of nasal biopsy specimens. (A) CD20' B cells, (B) IL-4
mRNA+ cells, (C) IgE Ce+ cells after allergen challenge, which are colocalized to CD20+ cells, (D) by use of double
immunohistochemistry/in situ hybridization. (Reproduced from Durham SR, Gould HJ, Thienes CP, et al.,Expression of epsilon
germ-line gene transcripts and mRNA for the epsilon heavy chain of IgE in nasal B cells and the effects of topical corticosteroid.
Eur J Immunol 1997;27: 2899-2906, with permission from Wiley-Blackwell.)

cation in LAR resulted in imme-
diate tryptase release and a more
delayed release of eosinophil cat-
jonic protein and Th2 cytokines
in nasal lavage. Somewhat sur-
prisingly they were able to detect
local IgE in nasal lavage in only a
proportion of subjects although
attributed this to low IgE concen-
trations and to the effects of dilu-
tion by nasal lavage.

Outstanding issues include the
need to establish the prevalence
of LAR in different countries, the
natural history of LAR and wheth-
er LAR may respond to usual nasal

Local and systemic IgE in allergic rhinitis

therapies including allergen im-
munotherapy - possibly delivered
by the nasal route? Nasal provoca-
tion tests require standardisation
with careful consideration of rel-
evant threshold allergen concen-
trations. Meanwhile the mainstay
of diagnosis of AR remains a care-
ful history with skin tests and/or
serum specific IgE, whereas nasal
provocation has assumed an in-
creasingly important role, not only
for research, but also for use in
patients with a clear-cut history in
whom conventional IgE tests are
negative (Figure 2).
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Clinical History suggestive of rhinitis symptoms

Skin Prick Test with aeroallergens

!
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Figure 2 Diagnostic approach in patients with local allergic rhinitis (LAR). (Reprinted from J Allergy Clin Immunol,
129/6, Ronddn C, Campo P, Togias A, Fokkens WJ, Durham SR, Powe DG, Mullol J, Blanca M. Local allergic rhinitis: concept,
pathophysiology, and management, 1460-1467, Copyright 2012, with permission from Elsevier.)
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IsE REPERTOIRES IN
ALLERGIC RHINITIS

Louisa K. James

B cells are generated in the bone
marrow, where they acquire ‘re-
combinatorial diversity’ by the
random recombination of immu-
noglobulin gene fragments and
‘junctional diversity’ by the dele-
tion or addition of nucleotides at
recombination junctions (Figure
1). Upon activation by antigen,
mature cells may be further mod-
ified by somatic hypermutation
(SHM) during affinity maturation.
Competition for antigen results in
selective survival and proliferation
of high affinity clones. In parallel,
the cells undergo class switch re-
combination (CSR) from IgM to
IgG, IgA or IgE (direct switching).
IgG- and IgA- expressing B cells
can also switch to IgE (sequential
switching) and this may be the
predominant pathway for local IgE
production in allergic rhinitis (AR).
Sequential switching is correlated
with affinity maturation in IgE.

Every B cell clone expresses a
unique immunoglobulin. Diver-
sification of a B cell clone during
an immune response generates
clonally related progeny. Clones
are associated with a hierarchy of
mutations derived from the orig-
inal immunoglobulin  sequence
assembled in the bone marrow.
The entire population of B cells in

IgE repertoires in allergic rhinitis

Yu-Chang B. Wu

Hannah J Gould
King’s College

London, United Kingdom

KEY MESSAGES

e Humans have the potential to produce at least 10'* antibody

specificities with five antibody classes that perform different
functions

Antibody (immunoglobulin) genes may undergo somatic hyper-
mutation, class switch recombination and affinity maturation to
generate diversity in the B cell or antibody repertoire

In sensitised individuals, IgE antibodies enable a rapid and po-
tent immune response (immediate hypersensitivity) to aller-
gens; in allergic rhinitis (AR) this response takes place at the
initial site of allergen exposure in the nasal mucosa

Next generation sequencing of expressed immunoglobulin
genes in AR has revealed the clonal amplification, diversifica-
tion and selection of IgE-expressing B cells in the nasal mucosa

an individual is termed the B cell
repertoire. Until recently, analy-
sis of the antibody repertoire was
very labour intensive and limited
to tens or hundreds of antibody
sequences. This science has been
revolutionized by the “next gener-
ation sequencing” (NGS) methods
in which the sequences of millions
of DNA molecules can be deter-
mined in parallel in a single exper-
iment, approaching the complete
repertoire of the B cell population
in an individual. Pioneering stud-
ies of IgE repertoires by NGS in AR
have provided valuable insights
into the ontogeny of IgE-express-
ing cells. Analysis of matched

blood and nasal biopsy samples
in rhinitis patients demonstrat-
ed trafficking of B cells between
blood and the nasal mucosa, sup-
porting previous evidence that
the nasal mucosa enhances the
diversification of IgE-producing B
cells (Figure 2).

In patients with AR, IgE repertoires
have greater inter- and intra-clonal
diversity and increased SHM com-
pared to IgE from healthy controls
(Figure 3). The level of SHM with-
in the ‘allergic’ IgE repertoire was
strongly influenced by seasonal
exposure to allergen, particular-
ly in local nasal tissue compared
to the blood (Figure 4). The close
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Figure 1 Diversity and selection of antibody repertoire. In the bone marrow, B cells acquire recombinatorial diversity
by random shuffling of VDJ segments for the IgM (p) heavy chain (V,)), and VJ for the kappa- (V,) and lambda- (V,)
light-chains. Junctional diversity is simultaneously introduced by addition or deletion of nucleotides at breaks in the
DNA before end-joining. Antigen exposure may induce SHM and CSR to IgE during affinity maturation of B cells
in the germinal center of peripheral lymphoid tissue. In allergic patients, the production of IgE contributes to the
allergic response by sensitising IgE effector cells and antigen-presenting cells for antigen-induced activation. Selection
checkpoints are imposed to regulate clonal expansion and affinity maturation of B cells.

SECTION A - Allergic rhinitis - mechanisms

Germline () Theoretical intermediate (@) Blood IgE () Nasal IgE Figure 2 Formation of IgE lineage
O O . B O 2 trees. IgE sequences that share a

A B C common ancestor are identified by
alignment to germline sequences.
Sequences that are more mutated
are indicated by a darker shade. A

& C highlight IgE clones that can
be identified in both blood and
nasal mucosa. B shows that IgE
sequences can diversify within
the nasal mucosal via SHM. Red

circles indicate blood sequences,
green circles indicate nasal
sequences, open white circles
indicate germline sequences and

grey circles indicate theoretical
intermediates that are not
experimentally sampled.
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Healthy nonallergic Allergic rhinitis
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Figure 3 IgE repertoire differences between healthy controls (left column) and allergic rhinitis (right column). A & B:
The IgE repertoire in AR encompasses a greater number of clones (i.e. more branches in the phylogenic tree) expressing
different immunoglobulin genes (VH1-6) compared with healthy controls. C & D: IgE clones in AR contain more mutat-
ed family members as result of intra-clonal diversification. E: IgE sequences (green) share the same ancestors with IgM
(red), IgA (blue) or IgG (purple) sequences in AR but only with IgM or IgA in healthy controls. C-E: Sequences with darker

shades of colors are more mutated.
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Figure 4 Increased mutation of IgE in response to seasonal allergen exposure. Seasonal pollen exposure increases SHM
of IgE clones in the blood (red) and nasal mucosa (blue). The relative proportion of Mutated IgE versus Unmutated IgE
clones was also altered in AR during the pollen season.

association between SHM and an-
tibody affinity suggests that aller-
gen exposure drives affinity mat-
uration of B cells resulting in high
affinity IgE that is central to the
inflammatory allergic response. In
contrast, in healthy individuals the
IgE repertoire was less mutated.

Analysis of IgE repertoires in AR
have provided valuable insights
into the mechanisms of this dis-
ease and further support the con-
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cept that the nasal mucosa is an
important source of local IgE.
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MicroRNAs IN ALLERGIC
RHINITIS AND CHRONIC

Zheng Liu
Huazhong University

of Science and Technology
Wuhan, P.R.China

MicroRNAs (miRs) are evolutionally
conserved small non-coding RNA
molecules, only 18-22 nucleotides
in length, which represent one of
the fundamental epigenetic regu-
latory mechanisms used by cells.
miRs are transcripted from genomic
DNA and mature miRNAs are gen-
erated through multiple processes
controlled by a set of enzymes (Fig-
ure 1). Mature miR is incorporated
into the RNA-Induced Silencing
Complex (RISC) and regulates gene
expression by base pairing of the
seed sequence to the 3-UTR of
target mRNA (Figure 1). Depending
on the level of complementarity be-
tween miR and its target site, target
mRNA degradation, translational
repression, or both occur.

miRNAs are involved in diverse bi-
ologic processes including allergic
responses. Several miRNAs have
been found to target a number of
immune genes such as IL-12p35,
IL-13, IL-13Ra, Cytotoxic T Lym-
phocyte-associated Antigen 4
(CTLA-4) and Signal Transducer
and Activator of Transcription-1
(STAT-1), as well as to modulate
the function of various immune
cells including T cells, dendritic
cells, and macrophages which in
turn affects the Th1/Th2 balance
state (Figure 2).

RHINOSINUSITIS

Joaquim Mullol

KEY MESSAGES

Institut d’Investigacions Biomédiques
August Pi i Sunyer (IDIBAPS)
Barcelona, Catalonia, Spain

e A variety of miRs are abnormally expressed in both allergic
rhinitis (AR) and chronic rhinosinusitis (CRS)
e Inflammation and immune imbalance in AR and CRS may be

promoted by miRs

e miRNAs have the potential to act as biomarkers of AR and CRS

e The miR expression profiles from different studies in AR have
displayed a considerable discrepancy

e Functional pathways for miRs in AR and CRS need to be further

studied

miR IN RHINITIS AND
RHINOSINUSITIS

Particularly in allergic rhinitis (AR),
the miR profiles in nasal mucosa of
AR patients have been explored.
The results from different studies
are inconsistent and the functions
of most aberrantly expressed miRs
remain undefined. MiR-224, miR-
187, miR-143, and Let-7e have
been reported to be down-regu-
lated, whereas miR-155, miR-205,
and miR-498 have been demon-
strated to be up-regulated.

Cord blood IgE is associated with
the development of aeroallergen
sensitization. Decreased miR-21
expression in blood mononuclear
cells has been associated with ele-
vated IgE levels in cord blood and

MicroRNAs in allergic rhinitis and chronic rhinosinusitis

AR development. Since it is able
to suppress Transforming Growth
Factor beta (TGF-B) receptor 2
expression in monocytes, miR-21
has the potential to serve as early
predictor of AR.

Avariety of miR expression profiles
have been found in patients with
chronic rhinosinusitis (CRS) with
nasal polyps (CRSwWNP) and with-
out nasal polyps (CRSsNP) in com-
parison with controls. miR-125b
has been found up-regulated in
eosinophilic CRSWNP. miR-125b
is able to induce the production of
type | interferon (IFN) via silenc-
ing human eukaryotic Initiation
Factor 4E (elF4E)-binding protein
1, which is a translational repres-
sor of interferon regulatory factor
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Figure 1 Biogenesis and mechanism of action of miRNAs. Primary miRs (pri-miRNAs) are transcribed by RNA
polymerase Il or Il from specific genomic DNA and are processed by the RNase Il endonuclease, Drosha, with its
partner, DiGeorge syndrome critical region gene 8 (DGCRS8), into 60-70-nucleotide hairpin miRNA precursors (pre-
miRNAs) in the nucleus. The resulting pre-miRNAs are exported into the cytoplasm and then further processed by
another RNase Il enzyme, Dicer, into the mature miRNAs. One strand of mature miRNA duplex is assembled into
the RNA-induced silencing complex (RISC). MiRNAs regulate gene expression by repressing translation or directing
sequence-specific degradation of complementary mRNA. (From: Chuang JC, Jones PA. Epigenetics and microRNAs. Pediatr

7. Since type | IFN may promote
mucosal eosinophilia in CRS, the
overexpression of miR-125b may
contribute to eosinophilic inflam-
mation in nasal mucosa (Figure 3).
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Res 2007; 61: 24R-29R).

Overall, the research on miRNAs
in AR and CRS is still in its early
stages. The results from differ-
ent studies are inconsistent, the
functions of most miRs have not
been well established, and the

therapeutic effects of miRNAs in
CRS and AR are still unknown. It
remains as an unmet need to ad-
dress these important challenges
in future studies.

MicroRNAs in allergic rhinitis and chronic rhinosinusitis
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Figure 2 Sketch map depicting the recognized functions of miRNAs and their targets in allergic inflammation. miRs
inhibit immune genes and cells which in turn affect Th1/Th2 balance in the allergic response. (Reprinted from J Allergy Clin
Immunol, 132/1, Lu TX, Rothenberg ME. Diagnostic, functional, and therapeutic roles of microRNA in allergic diseases, 3-13,
Copyright 2013, with permission from Elsevier.)
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Figure 3 The role of miR-125b in eosinophilic inflammation of chronic rhinosinusitis (CRS). MiR-125b-eukaryotic
translation initiation factor 4E binding protein 1 (4E-BP1)-type | IFN pathway lead to increased production of type |
IFN which induce B cell-activating factor (BAFF) secretion from epithelial cells and subsequent IgA production and local
activation of eosinophils. (From: Zhang XH, Zhang YN, Liu Z. MicroRNA in chronic rhinosinusitis and allergic rhinitis. Curr
Allergy Asthma Rep 2014; 14: 415).
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The regulation of cell death in
allergic rhinitis (AR) has been rel-
atively little investigated and its
possible contribution to patho-
genesis largely ignored. As with
other types of inflammatory re-
sponses, the local accumulation of
different subgroups of leukocytes
occurs during the initiation and
maintenance phases, whereas in-
flammatory cell numbers decline
in the resolution phase of allergic
inflammation. The changes in cell
numbers during inflammation are
largely due to changes in rates,
both of cell recruitment and of
cell death. Important leukocyte
subgroups believed to play criti-
cal roles in the pathophysiology of
AR are the dendritic cells, T cells,
mast cells, and eosinophils.

The contribution of cell death to
the pathogenesis of allergic dis-
eases has recently been summa-
rized elsewhere. Although most
of the reports published so far
have not been studies with AR
patients or animal models, one
could expect that these findings
should have relevance for AR.
For instance, it is likely that epi-
thelial cell damage accompanies
the allergic inflammation of the
nasal mucosa. Moreover, the sus-
ceptibility of T cells for undergo-

REGULATION OF

Hans-Uwe Simon
University of Bern
Switzerland

KEY MESSAGES

INFLAMMATION BY CELL
DEATH IN ALLERGIC RHINITIS

e Delayed eosinophil apoptosis contributes to tissue eosinophilia
and is driven by IL-5

e Eosinophil activation leads to eosinophil cytolysis, a non-
apoptotic type of cell death

e Successful therapies delete eosinophils from tissues

e Specific cell death pathways should be considered as targets
for anti-allergic therapies

ing apoptosis might be regulated
similarly to other inflammatory
responses.

The mode of cell death in eosino-
phils has been the subject of most
studies on cell death regulation
and inflammation in AR. Eosino-
phils accumulate in the nasal mu-
cosa not only owing to increased
recruitment, but also as a conse-
quence of delayed apoptosis. The
major eosinophil survival factor
seems to be IL-5. Interestingly,
allergen-specific immunotherapy
reduced IL-5 production by CD4+
T cells in AR patients and anti-IL-5
antibody therapy has been effec-
tive in patients with nasal polypo-
sis. The beneficial effect of topical
corticosteroid therapy in AR is
probably also largely a conse-
quence of the reduced expression
of Th2 cytokines, including IL-5.
Besides delayed eosinophil ap-

Regulation of inflammation by cell death in allergic rhinitis

optosis, eosinophil degranulation
and cytolysis, which represents a
form of non-apoptotic cell death,
have also been observed in AR. It
has been suggested that eosino-
phil cytolysis occurs without prior
extensive degranulation and is the
result of major activation mecha-
nisms distinct from degranulation.
The molecular mechanisms of eo-
sinophil activation resulting in cy-
tolysis remain to be investigated.

A look at the molecular basis of
many allergic diseases reveals a
cell death component that either
accounts for the disease or con-
tributes to disease progression.
For instance, following eosinophil
activation in AR, signaling path-
ways mediating both cell survival
and cell death are activated. Re-
gardless the cellular response, the
inflammation is maintained (Fig.
1). Therefore, current and future
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Figure 1 Eosinophil activation and their cellular life span. The activation of eosinophils can change their cellular life
span. Either eosinophils exhibit a prolonged life span owing to cytokine-mediated delayed apoptosis or they undergo
cytolysis. With delayed apoptosis, eosinophils contribute to the maintenance of inflammation by multiple mechanisms.
Cytolysis, on the other hand, is associated with massive granule protein secretion. Moreover, cytolysis most likely results
in the release of damage-associated molecular pattern molecules (DAMPs), which are known to trigger inflammatory
responses. The release of DAMPs from cytolytic eosinophils remains to be further studied; hence, this pathway is

anti-allergic therapies should also
be analyzed with respect to their
impact on cell death pathways.
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MECHANISMS OF IMMUNE
REGULATION IN ALLERGIC

Willem van de Veen

RHINITIS

Hideaki Morita

Miibeccel Akdis

Swiss Institute of Allergy and Asthma Research

Immune  tolerance  induction
through allergen-specific immuno-
therapy (AIT) is currently the only
curative therapy for several allergic
diseases including allergic rhinitis
(AR). The principle for AIT is to in-
duce immune tolerance to an aller-
gen through high-dose exposure
for prolonged periods of time.

The mechanisms that underlie
allergen tolerance include chang-
es in dendritic cells (DCs), aller-
gen-specific B- and T- cells, and
reduced activation of effector
cells such as basophils, mast cells
and eosinophils. This results in
suppression of both immediate
and late phase responses trig-
gered by allergen exposure.

Already within hours after the first
injection of the allergenic extract
used for AIT the level of mast cell
and basophil degranulation in re-
sponse to allergen exposure is re-
duced. This effect may be attrib-
uted to the gradual inhibition of
degranulation that may take place
during the buildup phase of AIT
and to changes in histamine re-
ceptor 2 expression on basophils.

While Th2 cells are key drivers of
allergic sensitization, one of the
hallmarks of allergen tolerance is
the induction of allergen-specific
Tregs. Both inducible T regulato-

Davos, Switzerland

KEY MESSAGES

e Allergen-specific Th2 responses are essential for induction of

allergic rhinitis

e Allergen-specific immunotherapy is the only available curative

treatment for allergic rhinitis

e Allergen-tolerance is mediated by tolerogenic dendritic cells
(DCs), regulatory T cells and regulatory B cells

e |L-10 and TGF-beta play a key role in tolerance induction
through suppression of Th2 responses and basophil/mast cell
activation, as well as by skewing B cells from IgE production
towards IgG4 and IgA production

ry type 1 (TR1) cells and FoxP3+
natural Tregs increase during aller-
gen tolerance induction. Through
the secretion of IL-10 and TGF-j,
regulatory T cells can suppress
T helper cell responses and the
activation and migration of mast
cells, basophils and eosinophils.
IL-10 also limits maturation and
antigen-presentation capacity
and maturation of DCs. Imma-
ture plasmacytoid DCs can induce
IL-10-producing TR1 cells, there-
by fueling a positive feedback
loop promoting tolerance. TGF-$3
is a pluripotent cytokine, which
can suppress Th1, Th2 and B cell
responses as well as IgE produc-
tion, while promoting Treg re-
sponses and IgA production by B
cells (Figure 1).

Mechanisms of immune regulation in allergic rhinitis

Dendritic cells (DCs) are key reg-
ulators of allergen-specific im-
mune responses. In response to
epithelium-derived cytokines
such as IL-25, IL-33 and TSLP, al-
lergen-loaded DCs promote Th2
differentiation. Other signals, in-
cluding IL-10, vitamin D3 metabo-
lites, retinoic acid, adenosine and
histamine can prime immature or
conditioned mature DCs to induce
regulatory T cells (Tregs) (Figure 2).

The predominant Th2 response
during allergic sensitization drives
B cells to produce allergen-specif-
ic Igt. However, during tolerance
induction, the production of spe-
cific IgG4 (an immunoglobulin iso-
type that has anti-inflammatory
properties) rapidly increases. IL-10
plays an essential role in this pro-
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Figure 1 Role of Treg and Breg cells in the suppression of allergic inflammation. Treg cells and their cytokines mainly IL-
10 and TGF-p suppress Th2 type immune responses and control allergic inflammation in many ways. Blue arrows show
the regulatory and suppressive effects of Treg and Breg cells on: B cells by inducing IgG4 and IgA and suppressing IgE;

on Th2 cell by suppressing proliferation and homing to tissues; on mast cells, basophils and eosinophils via direct and

indirect suppressive effects.
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IL-33
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cess through suppressing IgE pro-
duction and enhancing 1gG4 pro-
duction. In addition to Treg cells,
IL-10-producing B regulatory cells
can potently suppress T cell prolif-
eration and upregulate 1gG4 pro-
duction. The frequency of these
cells is upregulated during AIT
(in a bee venom immunotherapy
study). Their role in the regulation
of respiratory allergies remains
to be determined. Thus, IL-10,
which can be produced both by
T- and B-cells, modulates the al-
lergen-specific humoral response
from IgE towards 1gG4. The role
of the recently described innate
lymphoid cells (ILCs) in this intri-
cate cellular interplay is largely
unknown. A recent study demon-
strated a reduction of peripheral

VitD
IL-10

Ac_jenos_ine
Histamine

Retinoic acid

o

ILC2s during the pollen season
in AR patients who received AIT
(Figure 1).

In conclusion, many cells and mol-
ecules play their part in the regu-
lation of immune responses in AR
and many processes remain to be
further elucidated.
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César Picado

LIPID MEDIATORS IN ALLERGIC
RHINITIS: INFLAMMATION AND
RESOLUTION OF INFLAMMATION

Hospital Clinic. University of Barcelona

Arachidonic acid (AA) is released
from the cell membrane phospho-
lipids by activated phospholipas-
es A2. When AA is metabolized
through the 5-lipoxygenase (5-
LO) enzyme pathway leukotrienes
(LT) B4 (LTB4) and cysteinyl leu-
kotrienes (CysLT), LTC4, LTD4 and
LTE4 are generated (Figure 1).

Five G protein-coupled recep-
tors (GPCR) receptors for LT have
been cloned: BLT1 and BLT2
which bind LTB4, CysLT1 and
CysLT2 which bind CysLTC4 and
LTD4 and CysLT3R receptor se-
lective for LTE4 (Figure 1). Neu-
trophils preferentially generate
LTB4, whereas mast cells, baso-
phils and eosinophils preferen-
tially generate CysLT.

CysLT exert multiple biological
activities including recruitment
of eosinophils, stimulation of air-
way mucus secretion and up-reg-
ulation of the inflammatory cy-
tokines.

AA can also be converted via the
cyclooxygenase (COX) pathway
into prostaglandins (PG), PGE2,
PGD2, PGF2alpha, PGI (prostacy-
clin), and TXA2 (tromboxane). Mast
cells preferentially generate PGD2.
There are two isoforms of COX, a
basal or constitutive form (COX-
1) and an inducible form (COX-2).

48
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e Arachidonic acid metabolites play a central role in the
pathogenesis of allergic rhinitis (AR)

e Cysteinyl leukotrienes (CysLT) and prostaglandin D2 (PGD2)
are potent proinflammatory mediators that are released into
nasal secretions of patients with AR. The role of prostaglandin

E2 in AR remains to be clarified

e Lipoxins are released into nasal secretions of patients with AR
and appear to exert anti-inflammatory effects

e Antagonists of the CysLT1 receptor improve symptoms in
patients with AR. The potential therapeutic effect of antagonist
of the DP2 receptor of PGD2 and of lipoxin analogs remains to

be demonstrated

The role of PGs in the inflammato-
ry response is often ambiguous. In
certain settings, PGs exert inflam-
matory functions (PGE2, PGD2,
PG2alpha, TXA2), but in others,
they appear to act as anti-inflam-
matory endogenous molecules
(PGE2, PGD2) (Figure 2).

Lipoxin A4 (LXA4) can be generat-
ed either by the sequential lipox-
ygenation of AA by the 15-lipox-
ygenase (15-LO) in epithelial cells
and 5-LO in leukocytes, or by the
production of LTA4 by 5-LO in leu-
kocytes, which is converted into
LXA4 by a platelet 12-LO. Lipox-
ins exert anti-inflammatory and

pro-resolution effects through the
activation of their GPCR FPRL-1.

CysLT and PGD2 are elevated in
nasal fluids from symptomatic al-
lergic rhinitis (AR) patients com-
pared with healthy controls. In
contrast, LTE4 and PGD2 levels
measured in nasal biopsies were
found significantly lower in AR
than in controls.

Allergen nasal provocation in-
creases CysLT, LTB4 and PGD2 re-
lease during the early phase of the
nasal allergic response (1-2). Cys-
LT concentrations also increase
during the late phase response.
Treatment with CysLT1 receptor

Lipid mediators in allergic rhinitis: inflammation and resolution of inflammation
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Figure 1 Arachidonic acid (AA) released from cell membrane phospholipids by phopholipase 2 can be converted by
the 5-lipoxygenase-activating protein (FLAP) and the 5-lipoxygenase (5-LO) into leukotrienes (LT) A4 (LTA4), which
can be further metabolized either into leukotriene B4 (LTB4) in cells that express the LTA hydrolase enzyme, such as
neutrophils, or into the cysteinyl leukotrienes, LTC4, LTD4 and TLE4 in cells equipped with the LTC4 synthase such as
eosinophils and mast cells. BLT1 and BLT2 receptors bind LTB4. CysLT1, CysLT2 bind CysLTC4, LTD4 and and CysLT3R
binds LTE4. CysLTs are chemotactic factors for eosinophils and play an important role in the pathogenesis of allergic
rhinitis especially in nasal obstruction. CysLT1 receptor antagonists can modulate nasal inflammation by inhibiting
allergen-induced influx of eosinophils into the nasal mucosa.

antagonists reduces nasal symp-
toms (congestion, rhinorrhea, pru-
ritus and itching). Various DP2 an-
tagonists are currently in clinical
development to treat AR.

PGE2 levels in nasal lavage flu-
id have been found higher, simi-

lar and lower in symptomatic AR
compared to healthy controls. No
changes or increased release of
PGE2 have been reported after
allergen nasal challenge.

Concentrations of LXA4 in lavage
nasal fluid are higher in patients

Lipid mediators in allergic rhinitis: inflammation and resolution of inflammation

with AR rhinitis compared with
controls. LXA4 inhibits release of
inflammatory mediators such as
interleukin 8 and tumor necrosis
alpha. LXA4 analogs can be po-
tential regulators of inflammation
in AR.
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Figure 2 Prostanoids are derived from AA by the action of cyclooxygenases (COX). COX-1 exerts physiological
functions while COX-2 is upregulated in inflammation. Prostanoids can be subdivided into three groups: prostaglandins,
prostacyclins and thromboxanes. They are synthesized by specific enzymes and interact with nine PG receptors named
by the letter “P” and a prefix of “D”, “E”, “F”, “I", or “T” to signify preference for PG. Four subtypes receptors (EP1-EP4)
are described for PGE2, two for PGD2 (DP1 and DP2), one for PGF2alpha (FP), prostacyclin (IP), and thromboxane A2
(TXA2) respectively. PG receptors belong to G protein-coupled receptors. Under normal conditions prostanoid levels in
cells are low but during inflammation the nature and concentrations of protanoids can change dramatically. Prostanoids
are viewed as part of complex regulatory networks of inflammation. The potential therapeutic effects of DP2 receptor
antagonist in allergic rhinitis is currently being investigated.
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THE EPITHELIAL BARRIER

Takashi Kojima

IN THE NOSE
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Medicine, Japan

The epithelial barrier in upper and
lower airways forms the first line
of defence against intruding aller-
gens, pollutants and pathogens.
It is therefore a prerequisite to
maintain an intact and functioning
epithelium in order to keep the
submucosal equilibrium balanced
and not to promote inflammation.
The epithelial barrier in the nose
and paranasal sinuses consists of
a pseudostratified, ciliated, epi-
thelium that is held together by
structures like tight junctions,
desmosomes, adherens junctions
and gap junctions. Furthermore,
barrier function is promoted by
proteins that have antimicrobi-
al properties such as defensins,
cathelicidins, lysozyme and lacto-
ferrin, as well as others. The S-100
protein family contributes to
these antimicrobial effects, while
influencing innate immunity and
Toll-like receptors (Figure 1).

One of the main contributors to
the barrier function is the tight
junctional belt. Tight junctions are
formed by the integral membrane
proteins Claudins, Occludin, lipol-
ysis-stimulated lipoprotein recep-
tor (LSR) and junctional adhesion
molecules (JAMs,) and by many
peripheral membrane proteins,
including the scaffold PSD95-Dlg-

The epithelial barrier in the nose

KEY MESSAGES

Asthma Research, Davos, Switzerland

e The epithelium in upper airways is the first line of defence
against extrinsic agents including bacteria, pollen and other

pathogens

e The epithelial barrier may become disrupted by different agents
including pollens and proinflammatory cytokines

e The epithelial-derived thymic stromal lymphopoietin (TSLP)
may preserve the epithelial barrier and induce tight junctions
between dendritic cells during the early stage of allergic rhinitis

(AR)

e In severe AR, marked upregulation of TSLP and disruption of
the epithelial barrier are observed

Z0O1 (PDZ)-expression proteins
Zonula occludens and the non-
PDZ -expressing proteins. These
tight junctions are controlled by
various cytokines and growth fac-
tors via distinct signal transduc-
tion pathways. The tight junction
molecules are expressed in both
membranous or microfold cells
(M cells) and dendritic cells (DCs)
as well as by the epithelial cells of
upper airways (Figure 2). Various
antigens are sampled, transport-
ed, and released to lymphocytes
through the cells in nasal mucosa,
while they maintain the integrity
of the barrier. Expression of tight
junction molecules and the barri-
er function in normal human na-
sal epithelial cells (HNECs) are af-

fected by various stimuli including
growth factors, TLR ligands and
cytokines etc (Table 1). In addition,
epithelial-derived thymic stromal
lymphopoietin (TSLP) which is a
key factor for allergic inflammato-
ry diseases including allergic rhini-
tis (AR), enhances the barrier func-
tion together with an increase of
tight junction molecules in HNECs
and DCs (Figure 3). In severe or
chronic AR, marked upregulation
of TSLP and disruption of tight
junctions are observed (Figure 3).
Pollens and their proteolytic en-
zymatic properties are capable of
disrupting tight junctions facilitat-
ing their intrusion. Upper airway
epithelium has been shown to
have an increased permeability in
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Figure 2 Putative sealing intercellular spaces by tight junction molecules
in the upper airway epithelium including epithelial cells, M cells and
dendritic cells. (From Kojima T, Go M, Takano K, Kurose M, Ohkuni T, Koizumi
J, et al. Regulation of tight junctions in upper airway epithelium. Biomed Res
Int 2013;2013:947072.)
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Th2 driven inflammation of chron-
ic rhinosinusitis with polyps and
leakiness of sino-nasal epithelial
cell cultures was promoted by IL-4
and IFN-g. This is in line with oth-
er research results from Th2 driv-
en inflammatory conditions such
as asthma. Further studies of the
epithelial barrier in upper airways
should provide new insights not
only into pathological conditions
in AR but also to provide new
therapeutic targets.
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TABLE 1

Changes of tight junction proteins and barrier function in HNECs in vitro

Intervention Tight junction proteins Barrier function
Fetal bovine serum CLDN-1T; CLDN-41 upregulation
Growth factor TGF-B CLDN-47 no change
PKC activator TPA CLDN-17; OCLN7T; ZO-171; ZO-21 upregulation
Rosiglitazone CLDN-17; CLDN-4%; OCLNT; TRICT
PPARYy ligands upregulation
Troglitazone CLDN-1T; CLDN-4T; OCLN?
TLR3 ligand Poly I:C JAM-AL no change
Allergen DerP 1 CLDN-1, JAM-AJ downregulation
Virus RSV CLDN-47; OCLNT upregulation
Bacteria Pseudomonas aeruginosa elastase ~ CLDN-1; CLDN-4{; OCLN{; TRIC!  downregulation
microRNA miR-146a mimic CLDN-11; OCLNT; JAM-AT upregulation
GJIC activator Irsogladine maleate CLDN-17; CLDN-41; JAM-AT upregulation
Cytokine IL-4 OCLN{, ZOJ downregulation
Cytokine IL-17a no changes observed no change
Cytokine IFN-g stratification downregulation
Cytokine TSLP CLDN-17; CLDN-41; CLDN-71; OCLNT upregulation

Abbreviations: CLDN = claudin; Der p = Dermatophagoides pteronyssimus; GJIC = Gap junction intercellular communication; IFN = in-
terferon; IL= interleukin; JAM = junctional adhesion molecules; OCLN = occluding; PKC = protein-kinase C; PPAR = Peroxisome prolifera-
tor-activated receptor; RSV = respiratory syncytial virus; TLR = Toll-like receptor; TSLP = epithelial-derived thymic stromal lymphopoietin;

TGF-B= transforming growth factor B; TPA= 12-O-tetradecanoyl-Phorbol-13-acetate; TRIC = tricellulin; ZO = zonula occludens

Normal or early allergic rhinitis Severe or chronic allergic rhinitis

Nasal epithelial cells

Maintenance of tight LR ligands
junctions Cytokines " " "
_ Disruption of tight

junctions
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SECTION A - Allergic rhinitis - mechanisms

ITCH - PAIN NERVES
Unmyelinated Type C trigeminal
neurons innerve the nasal epi-
thelium (Figure 1). These highly
branched nerve endings also ex-
tend to submucosal gland acini.
Arteriovenous anastomoses of
venous sinusoids are innervated
by sympathetic neurons. Sinusoi-
dal walls are richly innervated but
their neural regulation is poorly
understood. Filling of sinusoids
determines obstruction to airflow
and the nasal cycle.

Histamine stimulates H1-re-
ceptors to depolarize an “itch”
sub-population of pain-conveying
(nociceptive) neurons to cause the
pruritus of allergic rhinitis (AR).
Histamine - independent itch in-
duced by protease activated re-
ceptors and other mediators oc-
curs in chronic diseases including
eczema, but this mechanism is not
well studied in the human nose.

Co-localized neurotransmitters in-
clude calcitonin gene related pep-
tide (CGRP), a potent vasodilator;
neuromedin B (NMB, closely re-
lated to gastrin releasing peptide
(GRP); the tachykinins neurokinin
A (NKA) and substance P (SP)
that are more potent for glandu-
lar exocytosis; and possibly glu-
tamate, an excitatory amino acid
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e The sensory innervation of the nose conveys sensations of itch,
airflow (epithelial cooling), irritation (nociception), and possibly
congestion due to venous sinusoid dilation

e Histamine stimulates H1 receptors on type C neurons to induce

itch

e Histamine - independent itch may contribute to persistent

allergic rhinitis

e |tch is mediated by a subset of pain neurons

e Allergic inflammation is likely to modify afferent receptors,
combinations of neurotransmitters, and spinal cord dorsal horn
central sensitization that mediates neuropathic itch

e |tch pathways can interfere with cognition leading to disability

and allergic fatigue

neurotransmitter. In human nasal
mucosa, neural depolarization by
hypertonic saline stimulates ax-
onal transmission of pain to the
spinal cord and local release of
neuropeptides from the branched
nerve endings. This axon response
stimulated seromucous gland ex-
ocytosis. Local CGRP release may
stimulate plasma exudation from
the most superficial sub-base-
ment membrane vessels, but does
not appear to cause venous sinu-
soid filling or nasal obstruction.
This is unlike rodents that have
few glands and stronger vascular
responses to neuropeptides.

Patterns of immune and epithelial
cell gene expression and allergic
mediator release differ between
seasonal and perennial AR. Medi-
ators such as leukotriene B4 and
nerve growth factor significantly
influence sensory receptor, neu-
rotransmitter, and inhibitory au-
toreceptor expression. The range
of afferent sensitivity is increased
by expression of endothelin and
bradykinin receptors, and the trio
of transient receptor potential
vanilloid 1 (TRPV1), purinergic
P2X receptors and acid sensing
ion channel 3 (ASIC3). The trio
responds to ATP, adenosine, H*,

Neuro - immune mechanisms in allergic rhinitis
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Figure 1 Histamine-sensitive itch nerves in nasal mucosa. Itch-pain Type C neurons (black line) are depolarized in the
epithelium by histamine and other mediators. They release co-localized CGRP, SP, NKA and NMB in the mucosa by
the axon response that leads to glandular exocytosis in humans. Glutamate is likely the predominant neurotransmitter
at secondary spinal cord dorsal horn neurons. Sensation is conveyed via spino-thalamic and thalamo-cortical tracts.
Itch enters conscious perception in the anterior insula, that in turn leads to cognitive dysfunction and allergic fatigue.
Significant reflexes include the brainstem parasympathetic arc causing seromucous rhinorrhea, and supratentorial itch -

K*, and Ca*? released from injured
cells. Neural plasticity may also
contribute to mucosal hyperal-
gesia in idiopathic nonallergic
rhinopathy. Glucocorticoids may
reverse some neuronal plasticity
effects indirectly by inhibiting cy-
tokine and mediator release.

A5 NEURONS

Thinly myelinated A& neurons
express “cool,” menthol-sensitive
transient polarization receptor
melanostatin 8 (TPM8) ion chan-
nels. Inhalation of ambient air
evaporates water from the epi-
thelial lining fluid. This cools the
epithelium and activates Ad affer-
ents. Their brainstem connections
help control the work of breathing
and sense of dyspnea.

CENTRAL CONNECTIONS

Itch and nociceptive neurons en-
ter the pons, turn caudally in the
trigeminal spinal tract and termi-

sneeze reflex.

nate on dorsal horn pars cauda-
lis interneurons of the first three
cervical segments. Glutamate
may depolarize the interneurons
via  N-methyl-D-aspartic  acid
(NMDA) receptors. Under normal
conditions, these interneurons are
difficult to depolarize. However,
prolonged glutaminergic depolar-
ization of AMPA (a-amino-3-hy-
droxy-5-methyl-4-isoxazolepropi-
onic acid) ion channels overcomes
the normal “blocked gate” activity,
and allows interneuron depolar-
ization and increased respon-
siveness to co-released peptide
neurotransmitters. This subacute
process of “central sensitization”
also attenuates the ability of
brainstem descending opioid and
noradrenergic anti-prurinergic
neurons to prevent interneuron
depolarization.

Itch interneurons may use GRP as
a neurotransmitter. They cross the

Neuro - immune mechanisms in allergic rhinitis

midline, enter the lateral trigemi-
nothalamic tract, and terminate
in the medial thalamus. Axonal
branches innerve the superior sal-
ivatory nucleus and recruit bilater-
al parasympathetic reflexes. These
reflexes stimulate muscarinic M3
receptor-mediated gland exocy-
tosis and seromucous rhinorrhea
in AR, and explain the benefits of
anticholinergic nasal drugs. The
sneeze reflex is a complexly or-
chestrated response to clear the
nasal airway of irritants (Figure 2).

The concept of “Allergic Fatigue”
is attributed to Melvyn Danzig
(1989). Tertiary thalamic nerves
convey mucosal sensations to
the “interoceptive cortex” in the
posterior insula. Based on pain
models, summation of prurito-
genic messages eventually leads
to activation of the anterior insula
where the sensation of nasal itch
becomes perceived by the con-
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1. Irritate nasal trigeminal nerves.
2. Inhale.

3. Soft palate and uvula block airflow.
4. Increase intrathoracic pressure to
100 mmHg.

5. Depress uvula.

B Eyes
closed

6. Expel air through nose at 40 m/s.

False Vocal Cords
True Vocal Cords

JH Banmk®

Figure 2 The sneeze. Irritation of nasal afferents (1) leads to a large inhalation (2). The soft palate, uvula and
tongue move to occlude the hypopharynx and occlude the efflux of air (3) as thoracic muscles contract and increase
intrathoracic pressure (4.). The uvula is suddenly depressed (5) and the column of air is forcefully expelled with high

speed and shearing forces through the nasopharynx and cavities. Applying pressure to the nasal columella early in the

scious mind. These perceptions
interfere with salience and exec-
utive control brain networks, and
explain the negative impact of AR
on school or work performance
and on other cognitive functions.
Anterior insula efferent pathways
activate brainstem sympathetic
(right insula) and parasympathetic
(left insula) autonomic discharges.
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sequence can abort the sneeze reflex.
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NASAL

HYPERREACTIVITY

Tae Young Jang

Inha University College of Medicine

CONCEPT AND DEFINITIONS
Many patients with rhinitis often
suffer from aggravation of their
nasal symptoms after exposure
not only to allergenic stimuli,
such as house dust mites, pets, or
fungi, but also to non-allergenic,
non-specific stimuli, such as cig-
arette smoke, cold air, perfume,
or air pollutants. This increased
sensitivity of the nasal mucosa to
commonly encountered nonspe-
cific stimuli is defined as “nasal
hyperreactivity.”

PATHOPHYSIOLOGIC
MECHANISMS

Although there is still much to be
elucidated, it is assumed that dif-
ferent tissues such as the nasal
mucosal epithelial cells, nasal vas-
cular and glandular tissues, and
neuromodulatory systems as well
as other different mechanisms are
involved in nasal hyperreactivity.
As the first step, damage to the
epithelium and increased epitheli-
al permeability affect the afferent
sensory nerve endings and trigger
the release of several mediators
(such as histamine) from mucosal
mast cells. Increased sensitivity
of the sensory nerve ending itself
augments hyperreactivity. Addi-
tionally, the increase in the levels
of non-adrenergic non-cholin-

Nasal hyperreactivity

Incheon, Republic of Korea

KEY MESSAGES

e Nasal hyperreactivity is defined as ‘increased sensitivity of the
nasal mucosa to commonly encountered nonspecific stimuli’

e Nasal mucosal epithelial cells, nasal vascular and glandular
tissues, and neuromodulatory systems as well as other different
mechanisms are involved in nasal hyperreactivity

e Cold dry air provocation tests are useful adjunct tools for the
evaluation of nasal hyperreactivity

ergic neurotransmitters (such as
neuropeptide Y and vasoactive
intestinal peptide) may activate
the cholinergic system and cause
vasodilation of the nasal vascula-
ture, increasing secretion from na-
sal glands and aggravating symp-
toms such as nasal stuffiness and
post-nasal drip.

CLINICAL ASSESSMENT

Provocation tests using various
substances have been used to eva-
laute nasal hyperreactivity. Phar-
macologically active substances
used for nasal provocation include
histamine and methacholine.
Cold dry air (CDA) is an example
of a non-pharmacologic physical
stimulus. In order to quantify the
changes induced by provocation
inside the nasal cavity various
methods can be used, ranging

from nasal symptoms scores to
rhinomanometry, peak flowmetry,
and acoustic rhinometry. Howev-
er, there is still no widely accepted
single provocation method or di-
agnostic standard.

CDA provocation has been proven
to be superior to histamine provo-
cation in clinical settings and cor-
relates well the provocation tests
using histamine or methacholine.
The machinery for creating CDA
could be simply made using a re-
frigerator, a pressure regulator,
and a mist separator (Figure 1). By
performing acoustic rhinometry
before and after the provocation,
changes in the volume and dimen-
sions of the nasal cavity induced
by CDA can be measured. and are
reliable diagnostic criteria for the
diagnosis of nasal hyperreactivity.
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Air for Refrigerator Mist separator CDA deliver
medical use cooling air Filter 400L/6 min
in hospital to 0C Pr. Regulator via CPAP mask

Figure 1 Cold dry air (0°C, <10% of relative humidity) can be produced by passing air through a refrigerator, a mist
separator, and filters. Cold dry air is supplied to patients’ nose using pediatric CPAP (Continuous Positive Airway
Pressure) masks (approximately 400 L in 6 minutes).

CONCLUSION

Nasal hyperreactivity is a very
common phenomenon among pa-
tients with allergic or non-allergic
rhinitis. Although it significant-
ly impairs their quality of life, we
know very little about its mech-
anism and there are no standard
diagnostic criteria or therapeutic
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strategies. Therefore, more stud-
ies are needed to better under-
stand this phenomenon.
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ANIMAL MODELS OF
ALLERGIC RHINITIS

Liam O’Mahony

Swiss Institute of Allergy and Asthma Research

Animal models have been devel-
oped for almost all types of aller-
gic disease such as allergic rhinitis
(AR), asthma, food allergy and ana-
phylaxis, atopic dermatitis and al-
lergic conjunctivitis. These animal
models are important to examine
the mechanism of the disease and
define the pathogenic pathways,
such as the activity of genes and
cellular pathways, explore the role
of environmental factors (such as
the microbiota), suggest new ther-
apeutic options and predict the
safety of new drugs or chemicals
before being used in clinical stud-
ies, The ideal animal model should
reflect the disease pathophysiolo-
gy as closely as possible and new
models are essential for the devel-
opment of new therapies.

Laboratory mice do not spontane-
ously develop AR and a range of
sensitization and challenge pro-
tocols have been developed. The
number of sensitizations and chal-
lenges can vary, but typically ani-
mals are sensitized to the allergen
via intraperitoneal injection fol-
lowed by intranasal allergen chal-
lenge. Disease severity measures
include sneezing frequency, nose
rubbing motion frequency and na-
sal tissue histology. Nasal lavage
fluid and nasal tissue are utilized

Animal models of allergic rhinitis

Davos, Switzerland

KEY MESSAGES

e New and improved animal models are being established for
allergic rhinitis (AR)

e Animal models are particularly useful for identifying novel
cellular and molecular immunological mechanisms of AR

e No single animal model completely recreates all the aspects of
AR

to determine local cytokine levels
and analyze the type of inflam-
matory infiltrate and lymphocyte
polarization. AR can be influenced
by the genetic background of the
mice, the allergen, type of the sen-
sitization and challenge protocol
and contamination of the allergen
with stimulating substances (e.g.
LPS). Certain protocols require
the combination of allergen with
an adjuvant, for example alumin-
ium hydroxide (ALOH3, Alum). Of
note, the dosage form of Alum
adjuvant is decisive. The inclusion
of Staphylococcus aureus entero-
toxin B is thought to support the
formation of nasal polypoid le-
sions. The sensitization, challenge
and analysis parameters of murine
allergy models are summarized in
Figure 1.

Although murine models of AR
provide important insights into
the disease mechanisms, there

are some limitations that should
be considered. In addition to the
genetic and physiological differ-
ences between humans and mice,
rats or rabbits, there are also lim-
itations due to complexity of this
disease. One can replicate impor-
tant components of the disease,
but no single model accurately
models all the features of AR. This
is very important to take into ac-
count when choosing the correct
model to address the specific ex-
perimental question. For example,
chronic exposure to the allergen
may be required to examine many
of the structural changes associ-
ated with AR. Notwithstanding
the limitations of these models,
several studies carried out in an-
imal models have given important
clues that explain the pathophys-
iological conditions related to the
disease status. For instance, the
role of Th2 type cytokines and T
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Sensitization Challenge
. m Sneemggl&
ymptoms o° nose rubbing
o°
Isolated T
o apaeom
= -
-
Nasal tissue  Nasal lavage fluid Serum Spleen/Lymph nodes
Experimental &g
Analyses %
Histology  Differential Flow Cell culture Gene
cell count cytometry expression

Figure 1 Overview of the experimental steps commonly used in allergic rhinitis models. Animal models typically
comprise a sensitization, a challenge, and an analyses phase. After sensitization, allergic responses are provoked by
intranasal application of the allergen. The severity and mechanisms of the allergic response are determined using a

regulatory cells in the pathogene-
sis of allergy have been particular-
ly well-studied in animal models.

Human clinical studies remain the
gold standard for determining the
clinical efficacy of new therapeu-
tic approaches. Murine models
will continue to provide important
mechanistic clues, while improved
models may extend our under-
standing of the basic mechanisms
for examining new therapeutic
options.
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variety of approaches.
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EPIDEMIOLOGY OF ALLERGIC
RHINITIS THROUGHOUT THE

WORLD

Janice S.C. Lin

The Chinese University of Hong Kong

Allergic rhinitis (AR) affects up to
40% of the population worldwide.
High prevalence is being record-
ed in the developed nations of
the Northern Hemisphere, with
23-30% affected population in
Europe and 12-30% in the USA.
Great diversity of prevalence is
found in the non-Western popula-
tions of the Southern Hemisphere,
with wide inter- and intra-regional
variations ranging from 2.9% to
54.1% between countries. Figure
1 shows the reported prevalences
of different countries, albeit with-
out a uniform definition of AR.

FACTORS INFLUENCING THE
PREVALENCE OF AR

The prevalence of seasonal AR
is higher in children and adoles-
cents, while perennial AR seems
to be more common in adults. In
children, boys outnumber girls in
terms of prevalence but tendency
reverses in puberty and by adult-
hood, both sexes are being equally
affected. This observed trend may
be due to the female personality
of self-reporting diseases or to
a true impact of female sex hor-
mones on disease development.

There is very little inter-racial var-
iations implying that environmen-
tal factors seem have a greater
influence than genetic differenc-
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Hong Kong

KEY MESSAGES

e Global rising trend of allergic rhinitis (AR) has been observed
in the past decades. The prevalence vary widely particularly in
the developing nations. One- quarter of the global population

may be affected

e Increased urbanization and improvement in living standards
contributed to an increased exposure to a variety of indoor and
outdoor pollutants and allergens, hence the raise in prevalence

e Most studies are based on data collection for seasonal AR. True
prevalence of AR is being underestimated

e Largescalecoordinated studies specifically designed to estimate
the prevalence of AR in regions with different environmental
factors and climates are needed

es. Increased urbanization and
improvement in living standards
especially in the developing re-
gions have increased exposure to
a variety of indoor and outdoor
pollutants and allergens, all con-
tributing to the increased preva-
lence. Climatic factors may direct-
ly affect the presenting symptoms
or indirectly through allergens,
sensitizing agents and population
lifestyle.

PREVALENCE OF AR IN
CHILDREN

The International Study of Asth-
ma and Allergies in Childhood
(ISAAC) program phases |, Il and
Il held in more than 237 centers

in 98 countries worldwide using
standardized methodology, have
demonstrated major worldwide
variations for AR prevalence in
children, with the lowest preva-
lence being observed mainly in
centers from middle/low income
countries, particularly in Africa/
Latin America. ISAAC phase Il
repeated the same questionnaire
to assess the time trends 5-10
years after the initial phase |, and
showed that the prevalence of AR
is increasing in most of the areas
with a few exceptions. Some of
the highest increases were ob-
served mainly in the non-Western
region, particularly Asia-Pacific,
as opposed to the western pop-

Epidemiology of allergic rhinitis throughout the world
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Figure 1 Prevalence of allergic rhinitis in different regions of the world, using ISAAC standardized methodology.

ulation like North America where
AR prevalence tends to gradually
decline.

PREVALENCE OF AR IN ADULTS
Global coordinated studies such
as ISAAC in children are lacking.
Population based cohort studies
reported in Asia Pacific, Australia
and Eastern Europe have demon-
strated variations in prevalence of
the AR in adults between the sur-
veyed region. Self-administered,
locally custom designed and Eu-
ropean Community Respiratory
Health Survey (ECRHS) question-
naires have been used, with vari-
ations ranging from 8.7-24.1% in

China and 11.4-22.7% in Turkey.

Large scale studies specifically de-
signed to estimate the prevalence of
allergic rhinitis in regions with differ-
ent climates are needed.

KEY REFERENCES

1. Bjorkstén B, Clayton T, Ellwood
P, Stewart A, Strachan D, and the
ISAAC Phase Three Study Group.
Worldwide time trends for symp-
toms of rhinitis and conjunctivi-
tis: Phase Il of the International
Study of Asthma and Allergies in
Childhood. Pediatr Allergy Immu-
nol 2008;19:110-124.

2. Asher MI, Montefort S, Bjorkstén
B, Lai CKW, Strachan DP, Weiland
SK, et al. Worldwide time trends

Epidemiology of allergic rhinitis throughout the world

in the prevalence of symptoms
of asthma, allergic rhinoconjunc-
tivitis, and eczema in childhood:
ISAAC Phases One and Three re-
peat multicountry cross-sectional
surveys. Lancet 2006;368:733-
743.

. Brozek JL, Bousquet J, Baena-Cag-

nani CE, Bonini S, Canonica GW,
Casale TB, et al. Allergic Rhinitis
and its Impact on Asthma (ARIA)
guidelines: 2010 revision. J Allergy
Clin Immunol 2010;126:466-476.

. Katelaris CH, Lee BW, Potter PC,

Maspero JF, Cingi C, Lopatin A, et
al. Prevalence and diversity of aller-
gic rhinitis in regions of the world
beyond Europe and North Ameri-
ca. Clin Exp Allergy 2012;42:186-
207.

63

51019€} 3jsu pue ASojolwapida - syiuIYL 218I3]1 - g NOILDIS



_ GLOBAL ATLAS OF ALLERGIC RHINITIS AND CHRONIC RHINOSINUSITIS

NATURAL HISTORY OF
ALLERGIC RHINITIS

SECTION B - Allergic rhinitis - epidemiology and risk factors

Allergy rhinitis (AR), with its’ con-
stellation of symptoms is a clini-
cal diagnosis and hence reported
prevalence and natural history var-
ies widely. Cross-sectional studies
across the globe, using standard-
ized questionnaires, shows sub-
stantial average global prevalence
of rhinitis, which increases from
childhood (8.5% at 6-7 years) to
14.6% at 13-14 years. Keil et al,
recently showed that prevalence
of AR quadrupled from 6% at
3-years to 24% at 13-years in chil-
dren with non-allergic parents and
tripled from 13% to 44% for chil-
dren with at least one allergic par-
ent.. In the Isle of Wight Birth Co-
hort rhinitis prevalence increased
7-fold from 5.4% at 4-years to
35.8% at 18-years. This rise was
seen in children of both allergic
and non-allergic parents. There is
very little information available re-
garding the course of AR through
adult life. However, clinical expe-
rience and a few studies that have
been done suggest that it takes a
chronic course with significant re-
mission and relapse.

The classical “atopic march” por-
trays a characteristic evolution of
allergic disease from one state to
another through childhood, which
typically suggested that rhinitis
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KEY MESSAGES

e Prevalence of rhinitis increases throughout childhood with a
stronger association to male sex
e In pre-school vyears, rhinitis is primarily non-allergic and

transient

e In boys, non-allergic rhinitis decreases in prevalence during
adolescence, while in girls it increases consistently from 4 to
18 years, resulting in a female dominance of this condition in

early adult life

e Gender and atopy are two major factors influencing the natural

history of rhinitis

follows asthma, mostly appearing
in later childhood or adolescence.
However, it is likely that in reality,
allergic diseases, especially asth-
ma and rhinitis, exist together due
to common underlying immune
and epithelial dysregulation lead-
ing to airway inflammation and
giving rise to the “one airway one
disease” concept.

Atopy, as defined by positive skin
test or presence of specific IgE,
significantly influences the natu-
ral course of the disease. Rhinitis
is conventionally regarded as an
allergic disorder but similar con-
stellation of symptoms can oc-
cur without evidence of allergic
sensitization in the non-allergic
rhinitis. There is a male prepon-
derance in AR during childhood,

which persists up to young adult
life. Non-allergic rhinitis behaves
differently. It is often transient
during early childhood. It then in-
creases in prevalence during later
childhood with no clear sex dom-
inance but acquired a female pre-
dominance by the age of 18-years
as girls “grew into” it while boys
“grew out of” rhinitis during ado-
lescence. The different dynamic
for allergic and non-allergic rhinitis
in males and females is illustrated
in Figures land 2. Similar gender
switch during adolescence is seen
in non-allergic asthma which is
more common in boys but women
acquire more non-allergic asthma
during adolescence. Given the
common underlying pathophysi-
ology and adolescence period, it is

Natural history of allergic rhinitis
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Several birth cohorts studied the
natural course of atopic diseases.
Especially for asthma, allergic rhi-
nitis (AR), eczema and sensitisa-
tion to inhalant and food allergens
we have European data on approx-
imately 20.000 children. Common
data analyses were performed as
meta analyses or pooled analy-
ses. There are certain limitations
as different cohort studies have
slightly different designs, howev-
er, many of them used the same
validated questionaires (ISAAC)
and performed similar assays for
the determination of specific se-
rum IgE. Thus they appear to be
comparable in an acceptable way.

In the Multicentre Allergy Study
MAS-90 ARIA criteria were used
to define rhinitis in children and
young adults. Symptoms were
defined as “severe” (impairment
of daily activities) or “mild” (no
impairment), “persistent” (dura-
tion >1 month) or “intermittent”
(¢1 month) using annual ques-
tionnaires. The 12-months preva-
lence of AR quadrupled from 6%
(at age 3y) to 24% (at age 13y) in
children with non-allergic parents,
and more than tripled from 13%
(3y) to 44% (13y) in children with
at least 1 allergic parent (figure
1). Boys were more frequently af-
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KEY MESSAGES

e Several birth cohorts studied the natural course of allergic
rhinitis (AR) and showed a steep increase in the prevalence and

the severity of AR

e The direct relation with atopy as part of the “allergic march” is
confirmed by most but not by all studies

e Birth cohort studies also evaluated the imapct of genetic
variants and of the effect modifiers, such as pollution

e Molecular diagnosis in the preclinical phase of the AR could
provide a window of opportunity for primary prevention

fected than girls (figure 2). Half or
more of the children with AR had
“severe persistent” symptoms. At
age 13, these children were signif-
icantly more often sensitized than
those with “mild persistent” dis-
ease: 91% vs. 70% (p=0.015). Sen-
sitization to aero-allergens (ad-
justed OR 18.9; 95%Cl 9.3-38.4),
and having 2 allergic parents (3.1;
1.1-9.3) were significantly asso-
ciated with AR. According to the
ARIA criteria, the impact of AR
seems to be substantial; the vast
majority of affected children suf-
fered persistently for periods of
2 months or more annually, and
most of the children with persis-
tent AR were impaired in their
daily activities. At 7 years of age,
seasonal allergic rhinitis (SAR) de-
veloped in 15% of the children.

Children with SAR already in the
second year of life were all born in
spring or early summer. Risk fac-
tors for SAR were male sex, atopic
parents having SAR themselves,
first-born child, early sensitization
to food and atopic dermatitis.

The Follow-up of the German
MAS at 20 years of age showed
that rhinitis was still the most
frequent outcome observed. 290
individuals developed ‘allergic rhi-
nitis’ within 13,179 person years
observed. The risk to develop AR
was higher with parents’ history
of AR (adjusted hazard ratio [95%
confidence interval]: 2.52 [1.94;
3.27]), urticaria (1.32 [1.00;1.74])
or asthma (1.29 [0.95;1.75]).
Early allergic sensitization (4.50
[3.30;6.13]), eczema within the
first three years (1.88 [1.43;2.48]),

Birth cohorts studies in allergic rhinitis
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Figure 1 Heredity and prevalence of allergic rhinitis symptoms in the German MAS. (Reproduced from Keil T, Bockelbrink
A, Reich A, et al. The natural history of allergic rhinitis in childhood. Pediatr Allergy Immunol 2010;21:962-969, with permission

male sex (1.28 [1.01;1.61]) and
birthday in summer or autumn
(1.26 [1.00;1.59]) were independ-
ent predictors of AR up to age
20. The secondary outcome ‘AR
and asthma’ was linked to several
modifiable risk factors (smoking

Birth cohorts studies in allergic rhinitis

from Wiley-Blackwell.)

in pregnancy; starting day-care
before age 18 months, or after
age 36 months). Receiving recom-
mended vaccinations was associ-
ated with lower incidence of rhini-
tis combined with current asthma.

In the Swedish BAMSE study
13.8% of the participating chil-
dren had AR, while 6.4% had
non-allergic rhinitis at age 8 years,
while at age 4 years, 5% had AR
and 8% had non-allergic rhinitis.
Remission was much higher for
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Boys (n=118) and girls (n=100)
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Figure 2 Influence of gender and heredity for the prevalence of allergic rhinitis in the German MAS. (Reproduced from
Keil T, Bockelbrink A, Reich A, et al. The natural history of allergic rhinitis in childhood. Pediatr Allergy Immunol 2010;21:962-

non-allergic rhinitis than for AR
(73% versus 12%). Of the sensi-
tized 4-year-old individuals with-
out rhinitis, 56% had developed
AR at age 8 years. Parental hay
fever increased the odds of AR in

68

969, with permission from Wiley-Blackwell.)

offsprings (OR 2.2; 95% ClI 1.6-
3.2), whereas isolated parental ec-
zema or asthma did not. The odds
for non-allergic rhinitis increased
when one parent had two or more
allergy-related diseases.

In the Isle of Wight cohort, over-
all rhinitis prevalence increased
from 5.4% at age 4 years to 35.%
at 18 years (p<0.001), without
gender difference. AR prevalence
increased steadily from 3.4%

Birth cohorts studies in allergic rhinitis
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at 4 years to 27.3% at 18 years
(p<0.001). AR was commoner
in boys at 18 years (p=0.02) and
associated with greater positive
transition in boys from 10 to 18
years (p=0.01). Prevalence of
non-atopic rhinitis also increased
from 4 to 18 years (p=0.003) and
was greater in girls at 18 years
(p<0.001) reflecting higher female
positive transition from 10-18
years (p<0.001). Non-atopic rhini-
tis remission was highest in early
life and reduced in later child-
hood/adolescence.

In the Norwegian Environment
and Childhood Asthma Study cur-
rent rhinitis was reported in 254
of 1019 children (25%) at age 10
years. Children with rhinitis and
allergic sensitization had more fre-
quently bronchial hyperreactivity.

IS ALLERGIC RHINITIS PART OF
THE ATOPIC MARCH?

In European birth cohort studies
AR is found in 10-25% of children
and adolescents depending on the
recruitment area. While in some
cohorts it appears that early atop-
ic eczema and early sensitisation
to foods and inhalant allergens
appears to be a risk factor for lat-
er airway disease, other cohorts
have reported a heterogeneous
developmental profile for eczema,
wheeze and rhinitis. In the British
ALSPAC and MAAS cohorts, ap-
plying Bayesian machine learning
methods in order to identify dis-
tinct latent classes only 7% of chil-
dren were found to follow trajec-
tory profiles resembling the atopic
march.

An analysis of 12 ongoing Euro-
pean birth cohort studies partici-
pating in MeDALL (Mechanisms in
the Development of AlLLergy) in-
cluded over 16.000 children aged
4 years and 11080 aged 8 years.
Comorbidity of eczema, rhinitis

Birth cohorts studies in allergic rhinitis

and asthma was investigated and
defined as coexistence of two or
three diseases in the same child.
1.6% of children were found to
have comorbidity at age 4 years
and 2.2% of the children at age
8 years. Strikingly, IgE sensitisa-
tion was not the dominant causal
mechanism of comorbidity.

In a Swedish publication, 32.7%
of children with mild eczema
and 45% of children with mod-
erate-to-severe eczema showed
also rhinitis, favouring the conclu-
sion, that severity of eczema is as-
sociated with rhinitis and allergic
airway disease. Furthermore, at
age 12 years, 7.5% of the children
in the BAMSE cohort were affect-
ed by at least two allergy-related
diseases.

In the German MAS AR until the
age of 5 years was found to be a
predictor for developing wheez-
ing between the ages of 5 and 13
years, with an adjusted relative
risk of 3.82 (p<0.001). This asso-
ciation was not attributable to the
type of sensitization, the severity
of sensitization, or atopic dermati-
tis during the first 2 years of life. In
this group of children, 41.5% of all
new cases of wheezing occurred
among children with preceding AR
(figure 3).

ALLERGIC RHINITIS AND

OTITIS MEDIA
In the Danish COPSAC birth co-
hort (Copenhagen Prospective

Studies on Asthma in Childhood)
291 children in the 6t year of
life were evaluated for asthma,
allergic and non-allergic rhinitis,
eczema and also for otitis media
with effusion. Otitis media with
effusion was diagnosed in 39% of
the cohort and this was associated
with AR (aOR 3.36; Cl 1.26-8.96;
p=0.02) but not with non-allergic
rhinitis, asthma or eczema.

GENETIC VARIANTS AND
EFFECT MODIFICATION
Filaggrin gene variants are associ-
ated with severer atopic eczema
and skin barrier dysfunction, with
asthma and poor lung function
at school age and in some stud-
ies also with rhinitis. In the Isle of
Wight study, filaggrin gene vari-
ants increased the risk of asthma
(RR 1.3; 95% ClI 1.06-1.80) and
rhinitis (RR 1.37; 95% Cl 1.16-
1.63). While eczema and allergic
sensitisation modulated and in-
creased the risk for asthma, this
could not be shown for rhinitis.
This supports the interpretation,
that rhinitis and asthma in child-
hood and adolescence do not nec-
essarily follow a common pathway
in the group of children carrying
the filaggrin mutations.

In another pooled analyses certain
single nucleotide polymorphisms
within the TLR4 and TNF genes
increased the risk of AR in chil-
dren. Traffic related air pollution
was not a relevant effect modifier.

MOLECULAR SPREADING IN

THE PRECLINICAL PHASE OF AR
The development of AR seems to
be determined by the develop-
ment of specific sensitization. In
the case of grass pollen sensitiza-
tion in the German MAS, an initial
IgE response to an initiator mole-
cule, in > 75% of cases Phl p1in a
preclinical phase, precedes a more
complex sensitization to several
molecules: Phl p 4, Phl p 5, Phl p
2, Phl p 6 and Phl p 11 and later
Phl p 12 and Phl p 7. Sensitization
at age 3 predicted SAR by age 12
years (PPV 68%; 95% Cl, 80-87%).
At this early preclinical prediction
time, the number of recognized
molecules and the serum levels of
IgE to Phleum pratense were sig-
nificantly lower than at 3 or more
years after the clinical onset of
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Stratification at the age of 2 years

Probability of remaining free of wheezing
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Stratification at the age of 5 years

Probability of remaining free of wheezing
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Figure 3 The risk of wheezing is determined by preceding allergic rhinitis in the German MAS. (Reprinted from J Allergy
Clin Immunol, 126/6, Rochat MK, Illi S, Ege MJ, Lau S, Keil T, Wahn U, von Mutius E; Multicentre Allergy Study (MAS) group.
Allergic rhinitis as a predictor for wheezing onset in school-aged children, 1170-1175.e2, Copyright 2010, with permission

SAR and could thus be a potential
window of opportunity for pre-
ventive early intervention.
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Genome-wide association studies
(GWAS) utilize the natural correla-
tion of single nucleotide polymor-
phisms (SNPs) with one another
to allow genotyping of a reduced
subset of SNPs across the genome.
These SNPs are then associated
with the phenotype of allergic rhi-
nitis (AR) in either a family-based
or a case control study design.

AR is an IgE-mediated inflammato-
ry disease of the nasal mucosa. It
can occur with or without asthma
or eczema, the two other primary
allergic conditions. Relatively few
GWAS studies have been reported
in AR. The initial paper documented
MRPL4 (Mitochondrial ribosomal
protein L4, chr 19p13.2) and BCAP
(B-cell adaptor for phosphatidy-
linositol 3 Kinase, Chr10qg24.1)
as having suggestive associations
without genome-wide signifi-
cance. A large European study then
identified one genome-wide signif-
icant locus for AR: chromosome 11
open reading frame 30 (C110rf30).
A meta-analysis of genome-wide
associations with self-reported
cat, dust-mite, and pollen allergies
among Europeans identified 16
shared susceptibility loci, including
8 previously associated with asth-
ma. Most recently, a North Amer-
ican integrative genomics study

GENOME-WIDE

ASSOCIATION STUDIES IN

ALLERGIC RHINITIS

Supinda Bunyavanich

Icahn School of Medicine at Mount Sinai

New York, USA

KEY MESSAGES

e Only 4 genome-wide association studies (GWAS) studies of
allergic rhinitis have been performed

e Genes for mitochondrial function, B cells and regulatory T cells
have been identified

e The next steps are further integrative omics studies of AR using
GWAS, gene expression, microRNA, and metabolomics

(Aigure 1) utilizing both GWAS and
gene expression identified a locus
near transcription factor FER3-Like
(FERDL3) on chromosome 7p21.1
as a genome-wide significant AR
susceptibility locus across ethnic
groups, in addition to four ge-
nome-wide significant loci among
Latinos specifically. The integrative
analysis with gene expression data
implicated a gene module enriched
for mitochondrial pathway genes
(Agure 2). Although other studies
have examined AR and asthma or
AR and atopic dermatitis, these 4
studies are the only ones that fo-
cus exclusively on AR as a disease.
Methodologically these studies
seem sound in that they have some
form of replication, are of large
sample size, and all have addressed
the major validity threat of popula-
tion stratification.

The existing literature supports

Genome-wide association studies in allergic rhinitis

the involvement of mitochondri-
al genes, genes related to B cells
and epithelial barrier function and
regulatory T cell function as being
of prime importance in AR. Future
directions will need to go in the
direction of the recently published
integrative genomics paper where
gene expression and GWAS data
were integrated in one analysis
and a systems genomics approach
using pathway models was imple-
mented. This methodology holds
great promise in helping to deter-
mine the underlying pathobiology
of AR. One of the positive advan-
tages that are available in AR is
that investigators can obtain nasal
cells from lavage or biopsy and
use these cells to perform multi
Omic studies including metabolo-
mics and microRNA studies.
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INTEGRATION

Pathway identification

Figure 1 Study flow for the integrated genome-wide association, coexpression network, and expression single
nucleotide polymorphism analysis of allergic rhinitis. CHS = Children’s Health Study, CAMP = Childhood Asthma
Management Program, CAG = Chicago Asthma Genetics Study, CSGA = Collaborative Studies on the Genetics of
Asthma, SARP = Severe Asthma Research Program, GALA1 = Genetics of Asthma in Latinos, MCCAS = Mexico City
Childhood Asthma Study, GRAAD = Genomic Research on Asthma in the African Diaspora and Barbados, SAPPHIRE
= Study of Asthma Phenotypes and Pharmacogenomic Interactions by Race-Ethnicity. (From Bunyavanich S, Schadt EE,
Himes BE, Lasky-Su J, Qiu W, Lazarus R, et al. Integrated genome-wide association, coexpression network, and expression single
nucleotide polymorphism analysis identifies novel pathway in allergic rhinitis. BMC Med Genomics 2014;7:48.)
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Figure 2 CD4* lymphocyte coexpression network with detail of the brown coexpression module. A. Each circle
represents a gene. Weighted gene coexpression analysis identified groups of genes with similar patterns of gene
expression and interconnectivity (coexpression modules). The 41 coexpression modules identified are labeled by color.
Pathways associated with the largest coexpression modules are denoted in the legend. B. Interconnectivity of the
brown coexpression module is shown in detail. Tagged by 6 allergic rhinitis GWAS loci, this coexpression module was
highly enriched for allergic rhinitis-associated eSNPs (3.4-fold enrichment, FDR-adjusted P value = 2.6 x 10-24) and
also highly enriched for pathways related to mitochondrial function (8.6-fold enrichment, FDR-adjusted P value = 4.5
x 10-72). Genes containing allergic rhinitis-associated eSNPs are marked in brown, with those containing eSNPs with
lowest P-value for association between genotype and gene expression marked with greatest brown saturation. Genes in
pathways related to mitochondrial function are marked by diamonds with blue outline. Higher correlation between gene
expression is shown with thicker and darker edges. (From Bunyavanich S, Schadt EE, Himes BE, Lasky-Su J, Qiu W, Lazarus
R, et al. Integrated genome-wide association, coexpression network, and expression single nucleotide polymorphism analysis
identifies novel pathway in allergic rhinitis. BMC Med Genomics 2014;7:48.)

It is quite likely that the next steps
here are further integrative Omics
studies of AR using GWAS, gene
expression, microRNA, and me-
tabolomics. If these studies are
performed on subjects before and
after allergen exposure using the
subject as his or her own control,
it is likely that even a small sample
size will yield positive results and
further refine the biology of the
disease.
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EPIGENETIC MECHANISMS
IN ALLERGIC RHINITIS

Colm E. Nestor

The modest effects of genetic var-
iants and increasing prevalence of
common diseases like asthma and
seasonal allergic rhinitis (SAR) sug-
gest the pathogenic importance
of environmental factors and the
involvement of epigenetic mech-
anisms. Epigenetic mechanisms
include DNA methylation, which
in general inhibits MRNA expres-
sion and modifications of chro-
matin structure, such as histone
proteins, which may either deny
or facilitate binding of transcrip-
tion factors to promoter regions.
Several studies have shown the
importance of DNA methylation
in T-cell differentiation as well
as indifferent T-cell subsets from
asthmatic patients, as recently re-
viewed.

SAR is an excellent model to study
such mechanisms, because the
main environmental trigger, pol-
len, is known and the effects of
allergen exposure can be studied
in vitro by allergen challenge of pe-
ripheral blood mononuclear cells
(PBMCs) from patients outside of
the season. Moreover, changes
during tolerance induction by al-
lergen immunotherapy (3) can also
be studied. However, there are rel-
atively few studies of epigenetic
mechanisms in SAR. One recent

Epigenetic mechanisms in allergic rhinitis

Linkoping University
Sweden

KEY MESSAGES

Mikael Benson

e Genetics alone cannot explain the increasing prevalence of

allergic rhinitis (AR)

e Epigenetics is likely to be involved in the pathology of AR
e DNA methylation patterns differ between patients and healthy
individuals, and between patients before and after allergen

immunotherapy

e DNA methylation may be a useful predictive marker and

therapeutic target in AR

study suggests that the beneficial
effects of AIT may be due to in
part to reduced DNA methylation
of the FoxP3 promoter region in T
regulatory cells. Several studies in
mouse models of SAR have also
observed changes in DNA meth-
ylation as key regulatory of genes
expression in CD4* T-cells (Figure
1).

To identify changes in DNA meth-
ylation in SAR patients, we gener-
ated genome-wide DNA methyla-
tion and gene expression profiles
of ex vivo CD4* T-cells from SAR
patients and healthy controls.
DNA methylation profiles clearly
separated SAR patients from con-
trols, during and outside the pol-
len season. Moreover, a significant
correlation between symptom
scores and DNA methylation was
found. Conversely, gene expres-

sion profiles of the same samples
failed to separate patients and
controls. Separation by methyla-
tion but not by gene expression
was also observed in an in vitro
model system in which purified
PBMCs from patients and healthy
controls were challenged with al-
lergen. These findings highlight
the potential of DNA methylation
as a biomarker useful for the strat-
ification of SAR. DNA methyla-
tion has also diagnostic potential,
since it's more stable and easy to
measure than mRNA and perhaps
proteins.

Finally, unlike genetic changes,
epigenetic enzyme activity and
epigenetic profiles are readily al-
tered by several approved drugs
and nutrients, such as vitamins C
or D. Thus, epigenetic alterations
in immune disease may not only
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Figure 1 DNA methylation dynamics in CD4* T-cells. (A) Several key loci undergo loss of promoter DNA methylation

during CD4* T-cell differentiation. Naive CD4* T-cells (NTs) can be differentiated in vitro into several T effector (T-helper
type 1, type 2, and type 17) and T regulatory (Treg) cell types; an in vitro polarisation assay. Changes in locus specific or
genome-wide methylation can then be assessed during this process. (B) Increased promoter DNA methylation in allergic
rhinitis patients are partially reversed after allergen immunotherapy (AIT). SAR = seasonal allergic rhinitis.

serve as predictive markers, but
also as potential targets for novel
epigenetic-taregeted therapies.
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FROM GENE EXPRESSION

Caroline Roduit

Zurich University Children’s

Hospital
Zurich, Switzerland

MEASURING GENE
EXPRESSION

Gene expression measurements
became an attractive tool to as-
sess biological responses in epide-
miological studies, as they might
reflect both genetic and environ-
mental influences. However, col-
lection of blood samples for gene
expression assessment poses var-
jous technical pitfalls. Collecting
blood samples into tubes contain-
ing an RNA-stabilizing solution in-
creases RNA yield and reduces its
variability. Long-term storage of
samples may lead to RNA degra-
dation, requiring special attention
in longitudinal studies.

THE HYGIENE HYPOTHESIS
AND GENE EXPRESSION

In epidemiological studies, immu-
nological mechanisms underpin-
ning the hygiene hypothesis have
been extensively studied using
gene expression (Figure 1). The
hygiene hypothesis states that
environmental exposures to high
levels of microbial components,
such as occurring in the tradition-
al farming setting, are one of the
major preventive factors for the
development of allergic diseases,
such as allergic rhinitis (AR) and
or for the sensitization to inhalant
allergens. In fact such environ-

MEASUREMENTS TO

Remo Frei
Swiss Institute of Allergy
and Asthma Research,
Davos, Switzerland

KEY MESSAGES

EPIDEMIOLOGIC STUDIES

Roger Lauener
Children’s Hospital of
Eastern Switzerland,

St. Gallen, Switzerland

e Measuring gene expression, RNA stability and quality require

special attention

e Expression of pattern-recognition receptors and regulatory
cytokines might play a role in the immunological mechanisms

of the hygiene hypothesis

e Gene- environment interaction deserves particular attention in
the context of the epidemic rise of allergic diseases

e Geneexpressionmeasurementsinthe contextofepidemiological
studies are a useful tool to reproduce in humans the findings
from cell cultures and from mouse models

ments up-regulate the expression
of pattern-recognition receptor
genes such as Toll-like receptors
(TLR) and the expression of genes
of their signaling cascade. Fur-
thermore, the gene expression of
regulatory cytokines such as IL-10
and TGF-B in blood leukocytes is
strongly induced among farmers’
children (Figure 2).

There are evidences that the pro-
tective effect of farm exposures
against the occurrence of allergic
diseases could already be effec-
tive during pregnancy. Exposure
of pregnant mothers to farm sta-
bles is associated with an increase
of gene expression of receptors of
the innate immunity, TLR2, TLR4
and CD14 (Figure 2). Results from
a birth cohort show that an in-

From gene expression measurements to epidemiologic studies

creased gene expression of innate
immunity receptors at birth is pro-
tective against the development
of atopic dermatitis.

CHRONIC RHINOSINUSITIS
AND GENE EXPRESSION
Evidence for a defective barrier
function is shown in patients with
chronic rhinosinusitis (CRS). Bi-
opsies of patients with CRS have
a decreased gene expression of
tight junction (TJ) genes occludin
and zonula occludens 1 that is as-
sociated with a disruption of the
epithelial integrity. The relative
importance of primary (genetic) vs
secondary (inflammatory) changes
in TJ gene expression needs fur-
ther study.

77

51039€} 3jsu pue ASojojwapida - sy 21813] 1 - g NOILDIS



GLOBAL ATLAS OF ALLERGIC RHINITIS AND CHRONIC RHINOSINUSITIS

IL-4

Co-stimulatory and
MHC class Il molecules

Pattern recognition receptor

IgE response of
B cells

Microbes

Treg cell:

IL-10
TGF-B

\fignaling +/-

FOXP3

\ IL-12

BAFF/APRIL

Immunoglobulin class

B e 1gG response of
switching recombination

B cells

CD40 ligand

IFN-y

Figure 1 T helper cell differentiation and B cell activation by the innate immune system. Schematic overview showing
how microbes activate the innate immune system leading to T helper cell differentiation and proliferation and how
immunoglobulin class switching recombination is induced via a T helper cell-dependent and independent pathway.

In red, genes whose expression levels have been intensively studied in the context of epidemiological studies. APC,
antigen-presenting cell; red, gene expression of these marker molecules was measured in this study. Abbreviations: APC
= antigen presenting cell; APRIL = a proliferation inducing ligand; BAFF= B cell activating factor; CCR = CC-chemokine
receptor; IL= interleukin; TGF=transforming growth factor; Th = T helper cell. (From Frei R, Roduit C, Bieli C, Loeliger
S, Waser M, Scheynius A, et al. Expression of genes related to anti-inflammatory pathways are modified among farmers'
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GENE-ENVIRONMENT
INTERACTION

The levels of expression of certain
genes are not influenced by envi-
ronmental exposures alone, but
they depend also on the type of
alleles interacting with the envi-
ronment. As shown by farm stud-
ies raw milk consumption is asso-
ciated with increased expression
of the CD14 gene only if a certain
polymorphism of the CD14 gene
is present.

CONCLUSION

Gene expression measurements
in the context of epidemiological
studies are a useful tool to repro-
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children. PLoS One 2014;9:e91097.)

duce in humans the findings from
cell cultures and mouse models.
The availability of new technolo-
gies such as RNA sequencing will
boost the findings in this research
area.
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PERINATAL INFLUENCES
ON THE DEVELOPMENT OF

ALLERGIC RHINITIS

Bianca Schaub

University Children s Hospital Munich

DEVELOPMENT OF ALLERGIC
RHINITIS IN CHILDHOOD
Allergic rhinitis (AR), one of the
most common allergic diseases in
childhood, shows a shift of onset
to younger ages with further in-
creasing prevalence until adoles-
cence. AR has an impact on qual-
ity of life, performance at school/
work and socioeconomic burden.
The onset of this IgE-mediated
disease in children usually suc-
ceeds the development of atop-
ic dermatitis (AD) and childhood
asthma, being often related to
one or both. Different phenotypes
were described differentiating be-
tween local and systemic AR.

EARLY LIFE DETERMINANTS OF
ALLERGIC RHINITIS

While several studies have shown
that perinatal influences alter
immune regulation early in life
and subsequent development of
allergic diseases such as child-
hood asthma, studies on early life
mechanisms for AR alone are rare.
This is due to its interrelation with
AD and asthma, to partly shared
mechanisms, and to its’ later on-
set mostly succeeding AD and
asthma. A variety of underlying
factors are relevant during a peri-
natal “window”, where disease de-
velopment may be originated with
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e Parental atopy, genetics and epigenetics influence development
of allergic rhinitis (AR) in childhood

e Early life exposure to a farming environment protects against
development of atopic diseases including AR later in life

e Microbial and nutritional diversity are associated with a lower
risk of developing AR.

symptoms succeeding later in life.
In the following, primarily studies
on early life determinants of AR
are included (Figure 1).

Role of family history, infections
and environmental exposure for
AR development

A family history of atopy is a known
risk factor for AR development. In
two German studies (Multicenter
Allergy cohort with 820 children,
PAULA study with 526 children),
parental hay fever or maternal at-
opy, infections, and bacterial expo-
sure, respectively, were related to
higher risk of AR in the offspring,
importantly before the onset of
symptoms, potentially acting as
immunomodulators enhancing or
inhibiting the development of AR.
Farm exposure early in life protect-
ing from AR is certainly one of the
strongest factors shown repetitive-
ly, similar to asthma prevention.

Recent studies on the microbiome
indicate that reduced bacterial
diversity of the infants’ intesti-
nal flora was associated with in-
creased risk of AR, but not with
asthma or AD.

Genetics and epigenetics in the
development of AR

Genetics are partially impor-
tant in AR development, how-
ever not necessarily sharing the
same susceptibility loci. Despite
the high prevalence of AR, only
three GWASs of AR have been
reported identifying key genes
such as MRPL4, BCAP, C110rf30/
LRRC32 and FERDS3L (Table 1).
C110rf30/LRRC32 was relevant
in GWAS for AR, asthma and AD.
While overlapping loci may in-
dicate a progression of allergic
diseases from childhood AD to
AR and asthma (“atopic march), a
close relationship between AR and

Perinatal influences on the development of allergic rhinitis
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Figure 1 Early life determinants of AR. (Adapted from Raedler D, Schaub B. Immune mechanisms and development of
childhood asthma. The Lancet Respiratory medicine. 2014;2(8):647-56.)

asthma may indicate the concept
of ,united airways" from early life
onwards. Certainly, epigenetic ef-
fects, gene-gene interactions and
gene-environment interactions
have to be investigated in future
genetic studies on AR.

Epigenetics, namely acquired
and potentially reversible modi-
fications that do not include al-
terations in the primary DNA se-
quence, comprise regulation via
DNA methylation, histone modifi-
cation, and non-coding RNAs and
are likely to contribute to the en-

vironmental origins of asthma and
its phenotypic variability. For AR
alone, very few studies have been
reported, with one differentiating
AR vs controls by epigenetics fo-
cusing on promoter CpGs of PIE-
Z01, RPP21 and HLA-DMA.

Early life nutrition and supple-
mentation

Maternal vitamin D intake during
pregnancy increased the risk for
asthma and had no effect for AR
in the offspring. Early introduc-
tion of fish has repetitively been

Perinatal influences on the development of allergic rhinitis

shown to decrease the risk of AR,
and also of asthma, besides other
foods (e.g. wheat, rye, oats, barley
cereals, egg). A murine birch pol-
len allergy model suggests that
administration of L. paracasei, a
probiotic bacteria during pregnan-
cy/lactation protects the offspring
against airway inflammation via
TLR2/4-signalling. Human studies
are controversial, lately showing
no effect of probiotic mixtures for
AR incidence until age 5, solely in
the group of offspring delivered
via caesarian section.
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SECTION B - Allergic rhinitis - epidemiology and risk factors

1. Kurukulaaratchy RJ, Zhang H, Patil

V, Raza A, Karmaus W, Ewart S,
et al. Identifying the heterogene-
ity of young adult rhinitis through
cluster analysis in the Isle of Wight
birth cohort. J Allergy Clin Immu-
nol 2015;135:143-150.

. Raedler D, Schaub B. Immune

mechanisms and development of
childhood asthma. Lancet Respir
Med 2014;2:647-656.

82

neit J, Schierl R, Strunz-Lehner C,
et al. Perinatal influences on the
development of asthma and atopy
in childhood. Ann Allergy Asthma
Immunol 2014;112:132-139.e1.

. Lluis A, Schaub B. Lesson from the

farm environment. Curr Opin Aller-
gy Clin Immunol 2012;12:158-163.

. Li J, Zhang Y, Zhang L. Discov-

ering susceptibility genes for al-

Allergic rhinitis  Chromosome Gene Possible allergic mechanism
19p13 MRPL4 Involved in inflammatory adhesion
process
Involved in activation, development and
Genetics 10924 EEA maturation of B cells
(GWAS)
11913 C110rf30/ Epithelial barrier function/regulatory
q LRRC32 T-cell functions and immune tolerance
7p21 FERD3L Unknown
Selection of relevant CpGs confirmed by pyrosequencing: Function
Epigenetics
PIEZO1 promoter CpG, RPP21 promoter CpG, HLA-DMA promoter CpG
KEY REFERENCES 3. llli S, Weber J, Zutavern A, Genu- lergic rhinitis and allergy using a

genome-wide association study
strategy. Curr Opin Allergy Clin Im-
munol 2015;15:33-40.

. Nestor CE, Barrenas F, Wang H,

Lentini A, Zhang H, Bruhn S, et al.
DNA methylation changes separate
allergic patients from healthy con-
trols and may reflect altered CD4+
T-cell population structure. PLoS
genetics 2014;10:e1004059.

Perinatal influences on the development of allergic rhinitis



GLOBAL ATLAS OF ALLERGIC RHINITIS AND CHRONIC RHINOSINUSITIS _

THE FARM EFFECT AND
ALLERGIC RHINITIS

Donata Vercelli
University of Arizona

The association between expo-
sure to a farming environment
and protection from allergic dis-
ease (among which allergic rhini-
tis/hay fever is paradigmatic) has
proven extremely robust across
studies, countries and continents,
especially in work focusing on
truly traditional farms. A recent,
large (>8,000 children) study that
sought to identify distinct expo-
sures that account for the protec-
tive effect of farming found that
children living on a farm were at
significantly reduced risk of hay
fever (@aOR, 0.43; 95% ClI, 0.36-
0.52; P< .001) and atopic sensiti-
zation (aOR, 0.54; 95% ClI, 0.48-
0.61; P< .001) compared with
nonfarm children. Of note, where-
as this overall farm effect could be
explained by specific exposures
to cows, straw, and farm milk for
asthma, and exposure to fodder
storage rooms and manure for at-
opic dermatitis, the farm effect on
hay fever and atopic sensitization
could not be completely explained
by the questionnaire items them-
selves or their diversity. Therefore,
the link for hay fever and atopy is
still missing. Interestingly, a high
number of siblings, especially old-
er siblings, reduces hay fever risk
in childhood, and farming families
are typically larger in size. Howev-

The farm effect and allergic rhinitis

USA

KEY MESSAGES

The association between exposure to a traditional farming
environment and protection from allergic disease is extremely
robust across studies, countries and continents

Exposure to cows, straw, and farm milk explains the farm effect
for asthma, and exposure to fodder storage rooms and manure
explains it for atopic dermatitis. However the farm effect for
hay fever and atopic sensitization could not be completely
accounted for by these exposure and remains partially

unexplained

e The relationship between farm exposure and allergy/hay fever
prevalence is extremely dynamic over time, pointing to the
impact of rapidly changing environments on allergy risk

e Continued exposure might be a critical component of the

protective effects of farming

er, an inverse association between
farm exposure and hay fever was
found in all sizes of family, with
no substantial tendency to satu-
ration or synergism. This suggests
that these two protective factors
may act through distinct biological
mechanisms.

How strikingly dynamic the rela-
tionship between prevalence of
allergy and farming can be is elo-
quently illustrated by the results
of two surveys performed in 2003
and 2012 in lower Silesia, Poland
(Figure 1). In 2003, among those
living in Sobdtka (a town of just
4000 inhabitants) the prevalence

of atopy was 20%, that is, similar
to that observed in the United
Kingdom and similar to Europe-
an countries. In contrast, among
those living in any of seven small
villages, each no more than 10 km
from the town, the prevalence of
atopy was just 7%, that is, lower
than any recorded elsewhere in
Europe. At that time, 55% of vil-
lagers (but <1% of those living in
Sobdtka) described themselves
as living on farms. A quarter had
regular or occasional contact with
cows, a third had regular or occa-
sional contact with pigs, and 35%
reported that they drank unpas-

83

51039€} 3jsu pue ASojojwapida - sy 21813] 1 - g NOILDIS



_ GLOBAL ATLAS OF ALLERGIC RHINITIS AND CHRONIC RHINOSINUSITIS

SECTION B - Allergic rhinitis - epidemiology and risk factors

n.. |1p:|
¥
<

L
.
s;
AW e sobétka
2
k4

N o 1
£ T
LS J_[""‘M.\_,_‘_/_\__.-" i

Prevalence (%)
(8]
o

& @ W GS*

B
& & ¢ ¢
x, (o o N
Ko R
& &£ & v
® (&) \)(\Q

30
- 25 | |
15
10 '
5
f 0

= 2012
= 2003
& O & &
& NN
B \:‘\ \‘:\'\
& AY e
& K&
2 L
‘%0
‘b\e}

Figure 1 Effects of changing environments on the prevalence of atopy and allergic rhinitis: Results from the 2003 and

teurized cow’s milk.. In 2004, Po-
land joined the European Union
and consequently adopted the
Common Agricultural Policy. As a
result, it immediately became une-
conomic for village farmers in Sile-
sia to keep small numbers of cows
or other large farm animals. The
number of cows and pigs kept by
households in the seven villages
decreased by 80%. When, in 2012,
a second survey of the same area
was undertaken, the results were
impressive. Far fewer villagers had
contact with cows (4% vs 24.3%
in 2003) or pigs (14% vs 33.5%),
milked cows (2.7% vs 12.7%), or
drank unpasteurized milk (9% vs
35%). In parallel, the prevalence
of atopy significantly increased
among the villagers (7.3% vs
19.6%, P < .0001) but not among
the townspeople (20% vs 19.9%).
Hay fever increased over 2-fold in
the villages (3.0% vs 7.7%) but not
in the town (7.1% vs 7.2% (Figure
1). It is especially noteworthy that
increased allergy prevalence was
detected across all ages.
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2012 Sobotka studies.

The dramatic increase in the prev-
alence of allergies observed in
Poland within 9 years, and similar
findings from urban Germany af-
ter reunification (where the prev-
alence of atopy doubled within
3 years), suggest that the atopic
state is more plastic than many
believe in both childhood and
adulthood, and highlight the im-
pact of rapidly changing environ-
ments on allergy risk. They also
suggest that continued exposure
might be a critical component of
the protective effects of farming.

KEY REFERENCES

1. von Mutius E, Vercelli D. Farm
living: effects on childhood asth-
ma and allergy. Nat Rev Immu-
nol 2010;10:861-868.

2. Holbreich M, Genuneit J, Weber
J, Braun-Fahrlaender C, Waser
M, von Mutius E. Amish children
living in Northern Indiana have
a very low prevalence of allergic
sensitization. J Allergy Clin Immu-
nol 2012;129:1671-1673.

3. llli S, Depner M, Genuneit J, Hor-
ak E, Loss G, Strunz-Lehner C,
et al. Protection from childhood

asthma and allergy in Alpine farm
environments-the GABRIEL Ad-
vanced Studies. J Allergy Clin Im-
munol 2012;129:1470-1477.

4. Strachan DP.Hayfever, hygiene,and
household  size. BMJ 1989;299:
1259-1260.

5. Genuneit J, Strachan DP, Buchele
G, Weber J, Loss G, Sozanska B, et
al. The combined effects of family
size and farm exposure on child-
hood hay fever and atopy. Pediatr
Allergy Immunol 2013;24:293-298.

6. Sozanska B, Macneill SJ, Kajde-
rowicz-Kowalik M, Danielewicz H,
Wheatley M, Newman Taylor AJ,
et al. Atopy and asthma in rural Po-
land: a paradigm for the emergence
of childhood respiratory allergies in
Europe. Allergy 2007;62:394-400.

7. Sozanska B, Btaszczyk M, Pearce
N, Cullinan P. Atopy and allergic
respiratory disease in rural Poland
before and after accession to the
European Union. J Allergy Clin Im-
munol 2014;133:1347-1353.

8. von Mutius E, Weiland SK, Fritzsch
C, Duhme H, Keil U. Increasing
prevalence of hay fever and ato-
py among children in Leipzig, East
Germany. Lancet 1998;351:862-
866.

The farm effect and allergic rhinitis



GLOBAL ATLAS OF ALLERGIC RHINITIS AND CHRONIC RHINOSINUSITIS _

VITAMIN D AND

ALLERGIC DISEASES

Catherine M. Hawrylowicz

Environmental factors, such as vi-
tamin D deficiency, are proposed
to contribute to the increase in al-
lergic diseases reported in the last
half-century. Vitamin D is synthe-
sized following exposure of skin to
UVB radiation, and is also present
in certain foods and dietary supple-
ments (Figure 1). Vitamin D status
is assessed as circulating levels of
the major metabolite, 25-hydrox-
yvitamin D3 (Table 1). Vitamin D
deficiency has increased dramat-
ically in recent decades related to
changes in lifestyle, including re-
duced sun exposure.

Vitamin D deficiency, particular-
ly in pregnancy and childhood,
is associated with increased al-
lergic sensitization and levels of
aeroallergen specific IgE, as well
as increased incidence of atopic
dermatitis (AD), allergic rhinitis
(AR), food allergy (FA) and asthma.
However, these data remain con-
tentious since examples of lack,
or even inverse correlations, also
exist. A non-linear relationship
exists between vitamin D status
and IgE levels, which may partially
explain this discrepancy.. In preg-
nancy vitamin D assessments are
variously made by food-frequency
questionnaire, or by single meas-
urements of serum 25-hydroxyvi-

Vitamin D and allergic diseases

King’s College London

London, United Kingdom
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e Vitamin D is synthesised following sunlight exposure, but small

quantities can be ingested

e Vitamin D deficiency is a global problem and has increased

markedly in recent decades

e Observational studies highlight an association between vitamin
D deficiency and increased incidence of allergic sensitization

and disease

e Effects of vitamin D on airways and immune cells are likely
to underpin associations between low vitamin D status and

allergic sensitization

e |nterventional studies are needed to determine whether
restoring vitamin D sufficiency improves disease management
and reduces the incidence of disease

tamin D3 in late pregnancy or in
cord blood. The associations are
strongest with food-frequency
questionnaire, which may repre-
sent a more accurate measure of
long-term dietary intake.

Vitamin D classically mediates cal-
cium homeostasis and bone me-
tabolism.

Thevitamin D receptoris expressed
essentially by all immune cells. Fur-
thermore, innate immune cells (e.g.
epithelial cells, macrophages, den-
dritic cells) can convert the precur-
sor 25-hydroxyvitamin D3 to the
active metabolite 1a,25-dihydrox-
yvitamin D3 (Figure 1), supporting

a role for extra-renal synthesis of
vitamin D and regulation of im-
mune function.

Vitamin D modulates many as-
pects of immune function (Figure
2). Vitamin D enhances innate
antimicrobial mechanisms that
aid pathogen clearance, increas-
es the frequency of CD4+IL-10+
and CD4+Foxp3+ regulatory T cell
subsets, and inhibits pro-inflam-
matory Th1l and Th17 responses,
both directly and via effects on
antigen presenting cells. How-
ever, vitamin D can enhance al-
lergy-associated Th2 responses
experimentally, even though ob-
servational studies demonstrate
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Figure 1 Scheme of the vitamin D metabolic pathway. Vitamin D3 is obtained from dietary sources, or more commonly
metabolized following ultraviolet B (UVB) irradiation (from sunshine) of 7-dehydrocholesterol in skin. The enzyme
25-hydroxylase (CYP27A1) in the liver converts vitamin D3 to the major circulating metabolite 25-hydroxyvitamin

D3 (25(0OH)D3), and then 1a-hydroxylase (CYP27B1), in the kidney and locally in tissues, to the active moiety 1a,25-
dihydroxyvitamin D3 (1a,25(0H),D3). 1a,25-dihydroxyvitamin D3 binds to the vitamin D receptor (VDR), which forms

a heterodimer with members of the retinoic acid (RXR) family; this complex translocates to the nucleus and engages the

vitamin D response element (VDRE) to mediate gene transcription. 1a,25-dihydroxyvitamin D3 is rapidly inactivated by

CYP24A1 to 1,24,25(0H),D3 and calcitroic acid.

TABLE 1 Vitamin D status is measured as circu-
= lating levels of the major metabolite,
Vitamin D status 25-hydroxyvitamin D3. Levels below

S50nmnl/L (<20ng/ml) are commonly

Vlt::mtun D ng/m'lt25-'hyggox- nmol/.lt. 25:hy|l)d3['ox- Clinical associations considered as deficient, 50-75nmol/L
status yvitamin yvitamin (20-30ng/ml) insufficient, and between
Deficiency  Less than 20 Less than 50 Rickets, osteomalacia 75-120nmol/L as sufficient. There is an

ongoing debate about the precise levels
that constitute sufficiency, however there
is consensus that a high prevalence of
deficiency and insufficiency exists glo-
bally. Vitamin D status is also influenced
by skin colour, obesity, season and

Sufficiency  Greater than 30 Greater than 75 lifestyle, as well as by genetic diversity.

Wide range of im-
mune-mediated  condi-
Insufficiency 20-30 50-75 tions including allergic
sensitization, allergic rhi-
nitis & asthma
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an inverse association between
vitamin D status and Th2-associ-
ated allergic diseases. The capac-
ity to enhance regulatory mech-
anisms, including Th2-specific
inhibitory pathways such as solu-
ble ST2, may explain this apparent
paradox. Vitamin D also enhanc-
es the effects of corticosteroids,
which are a primary treatment for
many allergic conditions.

Interventional studies are be-
ginning to emerge, and although
highly variable in design and out-
comes measured, will be essen-
tial in evaluating the potential of
vitamin D to prevent and control
allergic disease.

Vitamin D and allergic diseases
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PATHOGEN-HOST AXIS IN

ALLERGIC RHINITIS

Claudia Traidl-Hoffmann

Institute for environmental medicine, UNIKA-T

ALLERGIC RHINITIS: THE MOST
COMMON MANIFESTATION OF
ATOPY

According to WAO estimates, the
incidence of allergic rhinitis (AR)
ranges from 10-30% worldwide.
The tremendous rise in incidence
during the last decades emphasiz-
es the importance of environmen-
tal factors in the manifestation of
the disease. In order to develop
prevention measures for people at
risk, effort has been put into the
identification of genetic and envi-
ronmental risk factors.

GENETIC PREDISPOSITION

In genome-wide association stud-
ies (GWAS), single nucleotide
polymorphisms (SNPs) associat-
ed with AR were identified. The
respective genes - among them
IL-18, LRRC32, TLRé6, TSLP and
NOD1 - govern mechanisms in-
volved in innate immunity, im-
mune regulation and crosstalk of
epithelial cells and immune cells
(fAigure 1). Epithelial barrier genes
were not identified. This implies
that they might play a more prom-
inent role in atopic eczema and
in asthma than in AR. In contrast
to other atopic traits, the genet-
ic susceptibility to AR seems less
clear. This is likely due to fact that
patients with AR often develop
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KEY MESSAGES

e Allergic rhinitis (AR) is the most common clinical manifestation

of atopy

e Development of AR is controlled by a complex interaction of
genetic, environmental and life-style factors

e Environment-environment interactions and climate change
related effects are likely to result in higher prevalence of AR

e Early life crosstalk of innate immune receptors with pathogens
and the body’s own microbiome contribute to the decision

between tolerance and disease

asthma, resulting in an overlap
of phenotypes. In line with this,
some results were not replicated
in meta-analyses.

ANTHROPOGENIC
ENVIRONMENTAL FACTORS
Anthropogenic environmental
factors, such as air pollutants, can
impact directly on human health,
but can also indirectly influence
patients via their interaction
with allergens (environment-en-
vironment interactions) (figure
2). For the direct effects, popula-
tion-based studies show relation-
ships between allergic sensitiza-
tion/AR symptoms and long-term
exposure to traffic-related air
pollutants, such as Diesel exhaust

particles, fine particulate matter,
NO, and ozone. However, a re-
cent meta-analysis did not show
any clear correlation between AR
and anthropogenic pollutants.
These inconsistencies likely re-
flect methodological differences.
in study design, measurement of
pollutant exposure or differences
in outcome between short-term
and long-term exposure. For the
indirect effects on human health,
ozone was shown to enhance
the allergenicity of birch pollen,
a highly relevant allergen for AR.
Moreover, prolonged flowering
seasons and increases in pollen
load as a consequence of global
warming might increase AR bur-
den.

The environment-pathogen-host axis in allergic rhinitis
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Figure 1 Genes associated with the allergic rhinitis phenotype. Genome-wide association studies identified
polymorphisms in several genes that may be linked to allergic rhinitis (AR). These genes are involved in different steps
of the pathomechanism of AR, i.e. recognition of pathogen-associated molecular patterns, epithelial cell-immune
cell crosstalk, T helper cell differentiation and immune cell chemotaxis. Legend for figure 1: CTLA4 = cytotoxic
T-lymphocyte-associated protein 4; CXCL= the CXC-chemokine ligand; IL = interleukin; LLRC = Leucine-Rich Repeat-
Containing Protein 2; NOD = nucleotide oligomerization domain; RANTES = Regulated on Activation, Normal T Cell
Expressed and Secreted; Th = T-helper cell; TLR = Toll-like receptor; Treg = T regulatory cell; TSLP = Thymic stromal

BIOGENIC ENVIRONMENTAL
FACTORS

The world-wide rise in allergic
diseases parallels the “western-
ized” life-style, characterized by
increasing urbanization, smaller
family sizes with fewer siblings,

lymphopoietin.

improved hygiene standards, in-
creasing numbers of cesarean
sections, changed dietary habits
and excessive use of antibiotics.
This association gave birth to the
“hygiene hypothesis”, which states
that early life exposure to certain

The environment-pathogen-host axis in allergic rhinitis

environmental microbes or path-
ogens confers protection against
allergic diseases later in life. How-
ever, to be protective, an environ-
mental factor has to encounter
a susceptible genotype (figure
3). This is exemplified by a study
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Environment -
environment
interactions
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BIOGENIC FACTORS
* Pollen
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Figure 2 Effect of anthropogenic air pollution and climate change on allergic rhinitis. Traffic-related air pollutants
associated with the development of AR include particulate matter (PM), Diesel exhaust particles (DEP), nitrogen dioxide
(NO,), and ozone (O,). These pollutants have a direct effect on asthma and cardiovascular diseases. Their effect on AR
remains ambiguous. However, air pollutants enhance the expression of allergenic proteins and adjuvants in pollen, and
can therefore influence AR patients indirectly. Global warming might contribute to the rising trend in allergies due to
increases in allergenic pollen load. Legend figure 2: DEP = Diesel exhaust particle; PM = particulate matter.

demonstrating that the protective
effect of early life farm milk con-
sumption on allergic diseases was
stronger in children carrying a cer-
tain allele for the innate immune
receptor CD14.

90

CONCLUSIONS

Like other diseases linked to atopy,
AR is caused by genetic as well as
environmental and life style factors.
By revisiting the “hygiene hypoth-
esis”, it becomes increasingly clear
that the developing immune system

is shaped by pre-natal or early life
exposure to pathogens and coloniz-
ing microbiota. In genetically pre-
disposed individuals, disturbance
of this intricate crosstalk causes
immune dysregulation, resulting in
autoimmunity or allergy.

The environment-pathogen-host axis in allergic rhinitis
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Figure 3 Harmful and protective environmental factors for the development of allergic rhinitis. AR is a complex disease

triggered by genetic and environmental factors. Protection is conferred early in life when a favorable genetic background

encounters protective environmental factors, such as an intact microbial flora and certain microbial pathogens. In

contrast, allergen exposure induces allergic disease if an unfavorable genetic background meets harmful environmental

factors, such as an imbalanced microbial flora. Cesarean section delivery and excessive antibiotic use can alter the
body s microflora and might therefore cause immune dysregulation.
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THE NASAL
MICROBIOME

SECTION B - Allergic rhinitis - epidemiology and risk factors

THE “HUMAN
SUPERORGANISM”

Microbes reside in  niches
throughout our body (Figure 1),
and host-microbe interactions
play a fundamental role in im-
mune and disease development.
Indeed, the ‘human superorgan-
ism’, consists of 1% human DNA
and 99% microbial DNA. The
nasopharyngeal microbiota has
been well described, is considered
distinct from other body sites,
and amongst its constituents are
bacteria that are considered path-
ogens, for example, Streptococcus
pneumonia, Haemophilius influen-
za, Staphylococcus aureus and Mo-
raxella catarrahlis. However, overt
disease is typically not evident
unless these bacterial species be-
come dominant at the expense of
other resident microbes. This is
a state of ‘dysbiosis’ and is often
associated with inflammation. The
factors that allow this microbial
dysbiosis to develop could be key
to a deeper understanding of dis-
ease aetiology, susceptibility and
future therapeutic or prevention
strategies.

FACTORS SHAPING THE
CONSTITUENTS OF THE
MICROBIOTA

Many factors can modulate the
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KEY MESSAGES

e Microbes start to colonize all of our body surfaces after birth

e Themicrobiotachangeswith age andis shaped by environmental
exposures, lifestyle and inflammation

e Many bacterial ‘pathogens’ are normal components of the
microbiota, which under certain circumstances outgrow and

can cause disease

e New approaches that target

interactions between the

microbiota and host inflammatory pathways could help reduce
the global burden of allergic diseases

composition of the nasopharyn-
geal microbiota, such as vacci-
nation strategies and exposure
to microbes present in different
environments/ climates/ sea-
sons. As examples, studies have
shown that respiratory tract viral
infections can profoundly impact
on local bacterial populations,
and that the microbiota is differ-
ent between summer and winter.
Recently, the development of the
upper respiratory tract microbiota
was tracked over the first 2 years
of life, and found to develop and
cluster into certain groups. For ex-
ample, breast-feeding was associ-
ated with a more stable microbiota
with high abundance of Moraxella
and Corynebacterium/ Dolosigran-
ulum, and lower incidences of pa-
rental-reported respiratory infec-

tions. Comparatively, less stable
microbial profiles were linked with
high abundance of Haemophilus or
Streptococcus. Studies of the na-
sal microbiota of individuals with
or without allergic rhinitis have
clearly showed that this disease
is associated with changes in mi-
crobial diversity and constituents.
Is this cause or effect? Do certain
microbes predispose to allergies,
or do allergies create tissue envi-
ronments suitable for these mi-
crobes?

OUTLOOK

Further studies are required to
distinguish cause-and-effect from
simple associations, however an
emerging theme is that bacteria,
classically considered pathogens,
are normal residents of the res-

The nasal microbiome
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Figure 1 Microbes colonize
all body surfaces starting from

Composition

on body part

birth. (Reprinted from Marsland BJ,
Gollwitzer ES. Host-microorganism
interactions in lung diseases. Nat Rev

Immunol 2014;14:827-835.)
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Figure 1 Cross-talk between inflammatory pathways and microbes can create a tissue environment suitable for
outgrowth of resident pathogens that further increase inflammation and disease pathology. (Adapted from Marsland BJ,
Gollwitzer ES. Host-microorganism interactions in lung diseases. Nat Rev Immunol 2014;14:827-835.)

piratory tract and that certain
events may change this habitat
allowing for them to expand and
promote disease. There is clear
crosstalk between microbes and
inflammatory pathways (Figure 2);
a greater appreciation and under-
standing of the interactions be-
tween the tissue environment, mi-
crobes and inflammation may lead
us to approaches that will reduce
the global burden of allergies.
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UPPER RESPIRATORY TRACT INFECTIONS
IN CHILDHOOD ARE LINKED TO THE
DEVELOPMENT OF ALLERGIC RHINITIS IN

Alalia Berry

Many clinicians and parents ques-
tion whether frequent upper res-
piratory tract infections (URTIs) in
early childhood can increase the
risk for the development of aller-
gic rhinitis (AR). Frequent URTIs
are defined as viral infections of
the nose or ears occurring more
then six times per year. AR is a
combination of congestion, sneez-
ing, and rhinorrhea with associat-
ed pruritus of the nose and eyes
due to demonstrable aeroallergen
sensitivity.

The link between infection and
the development of AR is com-
plex, exemplified by the incon-
sistent and conflicting results of
various epidemiologic studies.
These observed discrepancies
appear to be due to variability of
host factors. Some studies show
an inverse association between
URTIs and AR, while others show
no association. Interestingly, any
observed association or increased
risk appears to be greater in chil-
dren with a family history of atop-
ic disease. Indeed, these children
show increased rates of atopy if
they experience early URTls.

In observations supporting the
hygiene hypothesis, Svanes et al
found the number of siblings at
home and day care enrollment

ATOPIC CHILDREN

Robert F. Lemanske, Jr
University of Wisconsin School of Medicine and Public Health

Madison, USA

KEY MESSAGES

e Upper respiratory tract infections in early childhood may be
protective against the development of allergic rhinitis (AR) in

the general population

e However, upper respiratory tract infections are associated with
the development of AR in children with atopic family histories

e Children with an atopic phenotype have decreased virus-
induced interferon-alpha production. This reduction in innate
immune anti-viral responses may predispose them to develop
AR that results from frequent URTIs

was inversely proportional to the
risk of AR development. Assuming
that the number of siblings and
day care could be surrogate mark-
ers for URTI frequency, this study
suggested that frequent URTIs in
childhood are inversely related to
the development of AR.

However, a more recent pro-
spective birth cohort study by
Balemans et al found no associa-
tion between recurrent URTIs in
childhood and the development
of AR. The authors concluded that
URTI in childhood do not reduce
the risk of AR in young adulthood.
Conversely, Lee et al found that
high-risk children with a family
history of asthma or atopic sen-
sitization have increased rates of
AR when exposed to parainflu-

enza virus and picornavirus in the
first year of life.

The discrepancy in research find-
ings among the various studies
may be due to differences in im-
munologic response profiles in the
children experiencing these viral
illnesses. For example, children
with an atopic phenotype have
been shown to have decreased vi-
rus-induced interferon (IFN)-alpha
production compared to healthy
controls. Since IFN-alpha is both
antiviral and immunoregulatory,
any observed differences could be
attributed to differences in these
host response patterns. Thus, if
a child has an atopic phenotype,
their innate immunoinflammatory
responses may predispose them
to the development of AR.

Upper respiratory tract infections in childhood are linked to the development of allergic rhinitis in atopic children 95
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Figure 1 the complex interplay between the host and viral infections is modulated by host factors such as atopic status
and by several environmental factors.
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THE COMMON COLD IN
ALLERGIC INDIVIDUALS
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The common cold is a pre-em-
inent phenotype of infectious
rhinitis with high incidence and
prevalence, associated with con-
siderable burden and socioec-
onomic costs. Numerous virus-
es manifest with common cold
symptoms, the most prominent of
which is human rhinovirus (HRV),
a heterogeneous virus segregated
in three groups (HRV-A, B and C)
and with over 100 serotypes (Fig-
ure 1).

Allergic rhinitis (AR) is often con-
trasted to infectious rhinitis/
common cold, as a rhinitis entity
whose pathophysiological mech-
anism is driven by atopy instead
of infection. Although the under-
lying pathophysiology of common
cold and AR is viewed as radically
different, their clinical manifes-
tations do not differ much and it
is often challenging to set apart
these two conditions by clinical
criteria. In addition, it appears that
allergen-driven and virus-driven
inflammation considerably over-
lap (Figure 2).

HRV infections often interact with
AR, or -more appropriately- with
the atopic state that underpins
AR. Indeed, viral infections can
trigger bronchial - and apparent-
ly nasal - hyperresponsivenes

The common cold in allergic individuals

George V. Guibas

UK
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Numerous viruses manifest with common cold symptoms, the
most prominent of which is human rhinovirus (HRV)

Allergic rhinitis (AR) and the common cold in allergic individuals
have in common their symptoms and their pathophysiologies
are interconnected

HRV infection is often more severe in atopic individuals, as
infection-induced, interferon-mediated innate responses are
differentially regulated and viral replication is increased ina Th
environment

Conversely allergen exposure concurrent to infection can lead
to an exaggerated allergic reaction

2

Figure 1 Human rhinovirus type 16. (Accesed from http:/www.virology.wisc.
edu/virusworld/ICTV8/r16-human-rhinovirus-16-ictv8.jpg on May 11, 2015.)

97

51039€} 3jsu pue ASojojwapida - sy 21813] 1 - g NOILDIS



_ GLOBAL ATLAS OF ALLERGIC RHINITIS AND CHRONIC RHINOSINUSITIS

SECTION B - Allergic rhinitis - epidemiology and risk factors

= IFN-3: IFN-). CcCLS

IL-1; IL-6 ccL10

IL-8; IL-18 CCL11

INFLAMMATORY  TpFoo cCL24
RESPONSE GM-CSF CXCL10
cyfokines chemokines

o 0
%
0 Q MUCuUS
PRODUCTION

l ICAM-1

IL-12

i ] )
$v > -jﬁ%‘-:
o i\
%}. € neutrophil

TLR3

&

IFN-a

FGF-2
VEGF

growth factors

r L aN® o
®

;,_ - fibroblast

.o"l
—{_‘\_{_.\ f_

_{} Q e

AWy smooth musche

Figure 2 Mucosal response following Rhinovirus (RV) infection. (Reproduced from Papadopoulos NG, Xepapadaki P, Mallia
P, et al. Mechanisms of virus-induced asthma exacerbations: state-of-the-art. A GA2LEN and InterAirways document. Allergy
2007;62:457-470, with permission from Wiley-Blackwell.)

and increased recruitment and
activation of eosinophils in at-
opic subjects. HRV in particular,
causes both bronchial and nasal
eosinophilia, which - important-
ly - is prolonged in asthmatic and
rhinitic patients (Figure 3). HRV
infection is often more severe in
atopic individuals, as infection-in-
duced, interferon-mediated in-
nate responses are differentially
regulated in these patients and
viral replication is increased in a
Th, environment. Also, the de-
gree of antibody-mediated pro-
tection from HRV infection may
be suboptimal in atopic subjects.
In fact, it appears that the interac-
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tions between HRV and the atopic
state could be so robust that the
actual presence of allergen is not
required for the increased sever-
ity of the symptoms of infection.
Nevertheless, if a sensitized indi-
vidual is exposed to the allergen in
the context of an HRV infection,
an augmented reaction could en-
sue. Indeed, in AR patients, aller-
gen challenge after an HRV infec-
tion leads to increased bronchial
eosinophil accumulation and en-
hanced and persistent release of
histamine.

In all, atopy appears to be a risk
factor for increased severity of the

common cold infection. Inversely,
allergen exposure concurrent to
infection can lead to an exagger-
ated allergic reaction. These are
important interactions between
two pathophysiological mecha-
nisms that, at first look, appear to
be different.

AR and the common cold in aller-
gic individuals have more in com-
mon than initially meets the eye:
their symptoms tend to overlap
(as is especially true for rhinor-
rhoea and sneezing and less so for
obstruction and itching) and their
pathophysiologies, albeit didacti-
cally distinct, are interconnected.

The common cold in allergic individuals
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Alexander J. Schuyler

The significance of skin tests or IgE
antibodies for cat or dog allergens
has been appreciated by physicians
who were interested in allergic dis-
ease for many years. However, the
relationship between exposure
to animal allergens and sensitiza-
tion has been less clear. For many
years, it was assumed that cat or
dog ownership was the prima-
ry factor in specific sensitization.
Many allergists in practice went
further and say that a positive skin
test for cat was only relevant to
asthma or allergic rhinitis (AR) if
the patient had an animal at home.
It was therefore a surprise when
Hesselmar et al. reported that sub-
jects living in a house with a cat
were less likely to become sensi-
tized to cat allergens. Subsequent
studies rapidly confirmed this find-
ing for cats and dogs (Figure 1). At
the same time, it became clear that
animal dander allergens not only
remained airborne in the home but
were present in homes without a
cat as well as in schools, offices and
other public places.

One of the problems with assess-
ing the role of cat allergens in AR
is that exposure is perennial and
that there are very few studies that
have successfully decreased expo-
sure sufficiently to answer ques-
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FURRY ANIMALS - RISK OR
PROTECTIVE FACTOR FOR

ALLERGIC RHINITIS?

University of Virginia
Charlottesville, USA
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Thomas A. E. Platts-Mills

e Tolerance to animal dander can be seen either as lack of IgE
production or as progressive decrease in symptoms with

prolonged exposure

e Community prevalence of animal ownership is an important
determinant of the levels of cat allergen in schools and homes

without a cat

e The impact of a dog in the house is complex because they
introduce a wide range of bacteria into the house as well as

being a source of allergen

tions about the role of cat allergens
induced-symptoms. In addition,
controlled trials of cat allergen
immunotherapy (AIT) for AR have
generally not been carried out on
allergic subjects who do not have
an animal in their house. Investiga-
tion of the effects of animal own-
ership has given different results
in different communities. In some
studies, the protective effect of cat
ownership appeared to be at least
partly explained by the removal of
pets by families with allergic chil-
dren. However many studies have
confirmed a strong protective ef-
fect of early dog or cat ownership.

Since it is clear than many patients
who do not live in a house with a
cat become sensitized it is impor-
tant to consider what influences
the quantity of cat allergens in

schools or homes without a cat.
The best data comes from schools
in Stockholm, where it has been
clearly shown that the quantity of
cat allergen in a room is directly
related to the number of children
in the class who have a cat at
home. The obvious implication is
that the quantity of cat allergen in
homes without a cat is likely to be
influenced by the number of the
homes in the community where
animals are kept. Indeed, in some
areas of the United States animals
are not kept at all or are kept out-
side only. In these predominantly,
African-American communities,
the prevalence of cat allergy is
generally very low. Equally keep-
ing any animal that is rare in the
community i.e. <2% is not likely to
sensitize a significant number of

Furry animals - risk or protective factor for allergic rhinitis?
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Figure 3 Immune Effects of Furry Animals in the Home and the Community.

children outside the home where
the animals is kept.

CONCLUSIONS

All animals produce allergens and
can induce specific sensitization.
However, a large range of studies
shows that in a community where
20% to 40% of the families have a
cat, those children without a cat at
home are equally if not more likely
to be sensitized. Even if the prev-
alence of sensitization is equal
among children without a cat, 80%
to 60% of the allergic children
will not have an animal at home.
Thus the presence of animals in a
community can be the or a major
risk factor for sensitization even
though children who are exposed
from early childhood are less likely
to become sensitized. By contrast
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for animals such as rabbits which
are much less common in homes,
it is the patients who live with the
animals that have the main risk. It
is clear that the current situation
is not simple and not surprising-
ly it is not easy to make a simple
case about the clinical relevance
of a positive skin test to animal
dander.
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ALLERGIC RHINITIS PREVALENCE
AND CLIMATE CHANGE: A
GLOBAL ECOLOGIC ANALYSIS

Elaine Fuertes

University of British Columbia

A major potential indirect effect of
climate change on public health is
predicted to arise via climate-in-
duced changes in aeroallergens,
the primary risk factor for aller-
gic rhinitis (AR). There is already
a significant body of evidence
indicating that climate change is
measurably altering the timing,
distribution, quality, and quantity
of allergenic plants and aeroaller-
gens. Such changes are occurring
via meteorological factors and
through interactions with green-
house gases and air pollutants,
and may affect both the incidence
and prevalence of AR, as well as
the severity of symptoms.

Despite the strong evidence
demonstrating  climate-induced
changes on allergenic plants and
aeroallergens and the known
causal relationship between aer-
oallergens and AR onset and
prevalence, studies examining as-
sociations between climatic fac-
tors and AR have yielded mostly
inconsistent results. This may be
because climatic effects on aer-
oallergens and thus presumably
on AR are likely to vary by geogra-
phy and vegetation type. Studies
that incorporate data from several
geographical areas and climates
are required. However, to date,

Canada
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e Climate change is measurably altering the timing, distribution,
quality and quantity of allergenic plants and aeroallergens

e These changes may affect the global distribution of allergic
rhinitis (AR) incidence and prevalence as well as symptom
severity, but additional research is needed

e Several spatial associations between climatic factors and the
prevalence of both intermittent and persistent rhinitis symptoms
in children were identified in a recent global ecological study,
providing suggestive evidence that climate influences the
prevalence of rhinitis symptoms

e Furtherlarge multi-country studies that consider climatic effects
on different AR phenotypes, and the potential interacting role

of air pollutants, are needed

only very few studies have exam-
ined associations between climat-
ic factors and AR using data from
more than one country.

The most recent effort utilized
data collected by the worldwide
International Study of Asthma and
Allergies in Childhood survey (3).
In addition to identifying variation
in the global distribution of both
intermittent (Figure 1) and persis-
tent rhinitis symptom prevalences
among children, this ecological
study reported on several spatial
associations between climatic fac-
tors and the prevalence of these

Allergic rhinitis prevalence and climate change: a global ecologic analysis

allergic conditions on a global
scale. Associations appeared most
consistent for intermittent rhi-
nitis symptoms when examining
country-level (between-country,
Figure 2) associations, whereas
associations with persistent rhi-
nitis symptoms were more con-
sistent at the center-level (with-
in-country associations, Figure 3).
The overall trend reported in this
paper was a generally positive as-
sociation between mean monthly
temperature and vapor pressure
(which were highly correlated) and
several measures of precipitation,
with rhinitis symptom prevalence.
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Figure 1 World map showing the center prevalence of intermittent rhinitis symptoms for the centers with 13- to
14-year-olds. (Reprinted from Ann Allergy Asthma Immunol, 113/4, Fuertes E, Butland BK, Anderson HR, Carlsten C, Strachan
DP, Brauer M, Childhood intermittent and persistent rhinitis prevalence and climate and vegetation: a global ecologic analysis,

386-392, Copyright 2014, with permission from Elsevier.)
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Figure 2 Between-country associations for intermittent and persistent rhinitis prevalence with select environmental
factors for the centers with 13- to 14-year-olds. All models were adjusted for center mean exposure of interest, as well
as the center and country mean population density, country gross national income per capita, and climate type. (Created

from values presented in Table 3 in Fuertes E, Butland BK, Anderson HR, et al. Childhood intermittent and persistent rhinitis
prevalence and climate and vegetation: a global ecologic analysis. Ann Allergy Asthma Immunol 2014;113:386-392.e9. Note:

effect estimates in original table are presented per one unit increase whereas effect estimates in the current figure are presented
per one interquartile range increase.)
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Figure 3 Within-country associations for intermittent and persistent rhinitis prevalence with select environmental
factors for the centers with 13- to 14-year-olds. All models were adjusted for country mean exposure of interest, as
well as the center and country mean population density, country gross national income per capita, and climate type.
(Created from values presented in Table 4 in Fuertes E, Butland BK, Anderson HR, et al. Childhood intermittent and persistent
rhinitis prevalence and climate and vegetation: a global ecologic analysis. Ann Allergy Asthma Immunol 2014,;113:386-392.
e9. Note: effect estimates in original table are presented per one unit increase whereas effect estimates in the current figure are
presented per one interquartile range increase.)

Although not conclusive, this eco- 2. D'Amato G, Cecchi L. Effects
logical study represents a first of climate change on environ-
step in investigating how future mental factors in respiratory al-
changes in climate change may af- lergic diseases. Clin Exp Aller-

L. gy 2008;38:1264-1274.

fect rhinitis symptom prevalence

on a global scale. 3. Fuertes E, Butland BK, Anderson
HR, Carlsten C, Strachan DP, Brau-
er M. Childhood intermittent and
persistent rhinitis prevalence and
climate and vegetation: a global
ecologic analysis. Ann Allergy Asth-
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ENVIRONMENTAL RISK FACTORS
FOR ALLERGIC RHINITIS - HOME

ENVIRONMENT

Dan Norbdck

Allergic rhinitis (AR) occurs when
an allergen triggers nasal symp-
toms in a sensitized individual,
while non-allergic rhinitis (NAR)
is triggered by non-allergic and
non-infectious agents. In epide-
miological studies, it is often diffi-
cult to distinguish between these
two types of rhinitis and moreover
non-allergic indoor factors can act
as adjuvant factors for AR. House
dust mites (HDM) allergy is a com-
mon cause of allergic asthma and
AR, affecting 65-130 million per-
sons globally, but the translation
of the silent sensitization into
symptomatic disease is still not
well understood. Allergen sources
are common in the home environ-
ment, including furry pets (cat and
dogs), rats and mice, cockroaches,
house dust mites, tropical storage
mite (Bloomia tropicalis), fungal
allergens (e.g. from Penicillium sp,
Cladosporium sp. and Alternaria sp.)
and allergenic pot plants (e.g. Ficus
benjamina and Yucca elephantipes)
(Table 1). Non-allergic factors in-
cludes particle pollutants (PM10
and PM2.5), environmental to-
bacco smoke (ETS), formaldehyde,
volatile organic compounds (VOC)
from new building materials and
consumer products (Table 1 and
Figure 1).
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Juan Wang

e Allergens from house dust mites and furry pet allergens is

ubiquitous in homes and furry pet allergens can be transported
by clothes and hair from other indoor environments. Cockroach
allergens can be an important risk factors for allergic rhinitis
(AR) in some parts of the world

Cleaning and other hygienic measures can reduce allergen
exposure but it is more unclear if they reduce allergic symptoms
Dampness and indoor mould growth are well-established
risk factors for AR, but the causative factors are not clearly
identified and can differ between different climate zones
Chemical emissions from recent redecoration and new building
materials can be arisk factor for AR but the mechanisms are not
well understood

A sufficient ventilation flow in homes is important to reduce the
exposure to particles and volatile organic compounds and to
reduce the risk for building dampness and indoor mould growth

Building dampness and mould
growth on indoor surfaces or in
the construction are common in
homes and could cause rhinitis in
children and adults. Recently large
studies in children and adults on
AR have been published, e.g. from
Asia. Presence of cockroaches was
associated with AR in studies from
China and France and with current
rhinitis in China. In studies from
China and Korea, recent redeco-
ration and moving to a new home
was associated with AR. However,
one study from France found that

new particle board in the home,
a well-known source of formal-
dehyde emissions, was associat-
ed only with NAR. Windowpane
condensation in wintertime is an
indicator of a combination of poor
ventilation and high air humidity
and has been associated with AR
in China and Sweden. Finally, daily
cleaning of the homes was asso-
ciated with a lower prevalence of
AR in China.

The indoor environment in homes
is complex and contains a large
number of allergens and non-al-

Environmental risk factors for allergic rhinitis - home environment
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Allergenic source

Main allergens

Cats Derp 1

Dogs Canf1

Horse Ecu cx

Rats/mice Musm 1,Ratn 1

House dust mites (HDM) Derp1,Derf1, Derm 1

Tropical storage mite (Bloomia tropicalis) Blo t

Cockroaches

Perai1,Blag1l

Mould (e.g. Penicillium sp. Cladosporium
sp, Alternaria sp.)

various allergens

Pot plants (e.g. Ficus benjamina, Yucca
elephantipes, Dieffenbachia picta and
Euphorbia pulcherrima)

various allergens

Other indoor factors

Type of emissions

New building materials

formaldehyde, various VOC

New chip board

formaldehyde

Environmental tobacco smoke (ETS)

nicotin, aldehydes, particles, VOC

Biomass and wood combustion

aldehydes, particles, VOC

Low ventilation flow (poor ventilation)

Increased levels of all pollutants

Building dampness

aldehydes, VOC, microbial VOC
(MVOC), mycotoxins, endotoxin,
mould, bacteria, microbial compounds

Environmental risk factors for allergic rhinitis - home environment

lergenic factors that can affect
AR. Use of low-emission building
materials and consumer products,
reduction of tobacco smoke and
other indoor combustion sources
and sufficient air exchange is im-
portant, as well as sufficient clean-
ing. Moreover it is important to
construct and maintain buildings
in such a way that building damp-
ness and indoor microbial growth
is avoided to reduce the risk for
AR.
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Figure 1 The complexity of the
indoor environment in homes.
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ENVIRONMENTAL RISK FACTORS
FOR ALLERGIC RHINITIS - WORK

ENVIRONMENT

Roy-Gerth van Wijk

University Medical Center Rotterdam

OCCUPATIONAL AND WORK-
EXACERBATED RHINITIS
Environmental agents at the work
place may lead to work-related
rhinitis. Work-related rhinitis can
be caused by work - occupational
rhinitis (OR) - or exacerbated by
work (work-exacerbated rhinitis).
OR can be divided into allergic
and non-allergic OR.

In general, allergic OR is charac-
terized by a latency period i.e. a
period between the start of expo-
sure and the onset of symptoms
whereas non-allergic OR might
develop shortly after exposure
(fAigure 1). Sensitizing agents - in
most cases high molecular weight
(HMW) allergens and sometimes
low molecular weight (LMW) al-
lergens - may induce an IgE medi-
ated allergic reaction, responsible
for allergic OR. Less frequently,
single or multiple exposures to
irritants will lead to non-allergic
irritant-induced OR. Corrosive rhi-
nitis is considered as the most se-
vere form of irritant induced OR,
characterized by persistent in-
flammation. Ulcerations and per-
foration of the nasal septum may
be attributed to OR, but are more
frequently seen in the context of
cocaine sniffing and/or nose pick-

ing.

108

Netherlands

KEY MESSAGES

e Sensitizers (HMW and LMW allergens) and irritants may lead
to occupational rhinitis (OR). There is an overlap between the
different categories of eliciting agents. Sensitizers may also
have irritating properties. Irritants may lead to new onset OR,
but also to worsening of pre-existing disease

e The level of exposure, atopy and smoking are considered as the
main potential determinants for the development of OR

e ORis arisk factor for the development of asthma. Work-related
ocular-nasal symptoms are also a strong predictor of work

exacerbated asthma

e Occupational exposures may also be involved in more severe

forms of chronic rhinosinusitis

Apart from these occupational
diseases caused by work, environ-
mental stimuli at work may also
lead to worsening of pre-existent
rhinitis.

There is some overlap between
the different categories of eliciting
agents. Sensitizers may also have
irritating properties. Irritants may
lead to OR, but also to worsen-
ing of pre-existing rhinitis. Table 1
shows some examples of allergens
and the corresponding occupa-
tions responsible for OR. The level
of exposure, atopy and smoking
are considered as the main poten-
tial determinants for the develop-
ment of OR.

CHRONIC RHINOSINISITIS
Recent studies provide evidence
that occupational exposures may
also be involved in more severe
forms of chronic rhinosinusitis
(CRS). Exposures at work appear
to be a risk factor for the occur-
rence, recurrence and persistence
of CRS. Moreover, patients with
job exposures appear to be less
satisfied with the outcome of sur-
gical procedures.

WORK RELATED RHINITIS AND
ASTHMA

There is a close relationship be-
tween the presence of OR and
the development of occupation-
al asthma (OA). It has been esti-

Environmental risk factors for allergic rhinitis - work environment
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Work related rhinitis

Rhinitis caused by work:
Occupational rhinitis

Rhinitis exacerbated by work:
Work exacerbated rhinitis

Non IgE
mediated

TABLE 1

|
Non-allergic rhinitis |
Without latency

Irritant induced

Corrosive
rhinitis

type of exposure leading to work-related rhinitis

shoe manufacturing

Agents Occupation Prevalence (%)
High molecular weight agents
Laboratory animals  Laboratory workers 6-33
Citer aitiingl el Swine confinement workers 8-23
rived allergens
Insects & mites Laboratory workers, farm workers 2-60
Grain dust Grain elevators 28-64
Flour Bakers 18-29
Latex Hospital workers, textile factory 9-20
Other plant aller- Tobacco, carpet, hot pepper, tea, coffee,
. ; 5-36

gens cocoa, dried fruit and saffron workers
Biological enzymes  Pharmaceutical & detergent industries 3-87
Fish and seafood Trout, prawn, shrimp, crab & clam work- 5_04
protein ers; aquarists & fish-food factory workers
Low molecular weight agents
Diisocyanates Painters, urethane mould workers 36-42
Arhetits Epoxy resin production, chemical work- 10-48

ers, electric condenser workers
Wood dust Carpentry & furniture making 10-36
Metals (platinum) Platinum refinery 43
Drugs (p'sylhurp,'sp Ira- Health care & pharmaceutical workers 9-41
mycin, piperacillin)

Reactive dye, synthetic fibre, cotton,
Chemicals persulphate, hairdressing, pulp & paper, 3-30

Data from Moscato G, Vandenplas O, Van Wijk RG, Malo JL, Perfetti L, Quirce S, et
al. EAACI position paper on occupational rhinitis. Respir Res 2009;10:16.

Environmental risk factors for allergic rhinitis - work environment

Figure 1 Rhinitis symptoms occurring in the work
place can be induced by substances present in the
work place (occupational rhinitis) or preexisting and

i':geR‘a(gg' aggravated by exposure to substances present in the
work place (work-aggravated rhinitis). (From Moscato
G, Vandenplas O, Van Wijk RG, Malo JL, Perfetti L,
Multiple Quirce S, et al. EAACI position paper on occupational
exposures: | rhinitis. Respir Res 2009;10:16.)

mated that the relative risk of OA
amounts to 4.8 in workers with
OR. Vice versa OR can be found
in three-quarters of the patients
with OA. Work-related ocular-na-
sal symptoms are also a strong
predictor of work -exacerbated
asthma (OR 6.7; Cl 2.4-19.1)

KEY REFERENCES
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Negative impact of occupational
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patients with rhinosinusitis. Aller-
gy 2012;67:560-565.
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nol 2013;13:159-166.
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SECTION B - Allergic rhinitis - epidemiology and risk factors

OUTDOOR POLLUTION

Air pollution and global warming
have significant health and eco-
nomic effects on society. Outdoor
pollution includes gases such as
sulfur dioxide, ozone, nitrogen
species, carbon monoxide, and
particulate matter (PM) (coarse
PM,,, fine PM,,, and ultrafine)
and may contribute to the rising
prevalence of allergic rhinitis (AR)
and asthma in westernized coun-
tries (Table 1). Air pollutants can be
classified as primary/secondary,
indoor/outdoor and as gaseous
particulate (Table Il). Studies have
found that increased outdoor CO,
levels combined with increased
temperatures cause ragweed
plants to grow larger and produce
increased pollen. Diesel-burning
engines emit PM which has been
demonstrated to cause and aggra-
vate asthma and enhance allergic
sensitization in children living in
close proximity to high-traffic ar-
eas. Ozone, a byproduct of die-
sel exhaust, can increase inflam-
mation in the airways of asthma
patients. A study of school-aged
children in Germany found an as-
sociation with atopy but only in
children living in homes exposed
to air pollution from high motor
vehicle traffic and environmen-
tal tobacco smoke. A longitudi-
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Diesel-burning engines emit particulate matter which has been
demonstrated to cause and aggravate asthma and enhance
allergic sensitization leading to allergic rhinitis (AR) in children
living in close proximity to high-traffic areas

Volatile organic compounds are derived from chemical
or microbial sources and at high levels can cause mucous
membrane irritation resulting in non-specific upper respiratory
symptoms as well as fatigue, and difficulty concentrating

Solid biomass fuels are also a major source of indoor air
pollution especially in underdeveloped countries dependent on
this energy for heating and cooking

Polyaromatic hydrocarbons from residential heating and

gas appliances can impact the immunologic development of
newborns and increase the number and duration of respiratory

episodes in infants with prenatal exposure

nal study evaluated the effect of
air pollution in causing atopy and
asthma based on the child’'s geo-
graphic location over seven years
using exposure modeling and
found that PM,, was associated
with asthma, whereas nitrogen
dioxide was associated with ecze-
ma, and living a distance less than
50 m to the nearest road was as-
sociated with asthma symptoms.
In addition, another similar lon-
gitudinal study found that diesel
exhaust particles (DEP) exposure
enhances the risk of early aeroal-
lergen sensitization and was as-

sociated with allergic rhinitis at 4
years of age.

INDOOR POLLUTION

Examples of indoor pollution in-
clude cigarette smoke, carbon
monoxide, carbon dioxide, and vol-
atile organic compounds (VOCs)
(Table 2). VOCs are derived from
chemical or microbial sources.
Chemical VOCs include ketones
and aldehydes like formaldehyde
which emanate from building ma-
terials including adhesives, carpet,
cleaners, linoleum, furniture, paint,
printers, textiles, personal care

Environmental risk factors for allergic rhinitis - indoor and outdoor pollution
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TABLE 1
National Ambient Air Quality Standards (adapted from http:/www.epa.gov/air/criteria.html) *
Pollutant Primary standards Averaging times Secondary standards
co 9 ppm (10 mg/m?) 8-Hour T None
35 ppm (40 mg/m?) 1-Hour t None
NO, 0.053 ppm (100 pg/m3)  Annual (arithmetic mean) Same as primary
PM,, Revokedt Annual # (arithmetic mean) Revokedt
150 pg/m® 24-Hour § Same as primary
PM2.5 15.0 pg/md Annual || (arithmetic mean) Same as primary
35 pg/m? 24-Hour T Same as primary
O, 0.08 ppm 8-Hour # Same as primary
0.12 ppm 1-Hour** (applies only in limited areas) Same as primary
Sulfur oxides 0.03 ppm Annual (arithmetic mean) —
0.14 ppm 24-hour T —
— 3-hour t 0.5 ppm (1300 pg/m?d)

* Primary standards, limits set to protect public health, especially sensitive subpopulations such as patients with asthma, the
elderly, and children. Secondary standards, limits set to protect public welfare such as visibility and damage to crops, animals,
and buildings. Levels for VOCs have not been established.
1Not to be exceeded more than once per year.

fBecause of a lack of evidence linking health problems to long-term exposure to coarse particle pollution, the agency revoked
the annual PM10 standard in 2006 (effective December 17, 2006).

§Not to be exceeded more than once per year on average over a period of 3 years.
|| To attain this standard, the 3-year average of the weighted annual mean PM2.5 concentrations from single or multiple com-
munity-oriented monitors must not exceed 15.0 ug/md.
TTo attain this standard, the 3-year average of the 98th percentile of 24-hour concentrations at each population-oriented
monitor within an area must not exceed 35 ug/m? (effective December 17, 2006).
#To attain this standard, the 3-year average of the fourth-highest daily maximum 8-hour average O3 concentrations measured
at each monitor within an area over each year must not exceed 0.08 ppm.
** (1) The standard is attained when the expected number of days per calendar year with maximum hourly average concentra-
tions above 0.12 ppm is <1. (2) As of June 15, 2005, the Environmental Protection Agency revoked the 1-hour O, standard in
all areas except the fourteen 8-hour O, nonattainment Early Action Compact (EAC) areas.

products, and chemically treat-
ed clothing. High VOC levels (>
3000 pg/m®) can cause mucous
membrane irritation resulting in
non-specific upper respiratory
symptoms as well as fatigue, and
difficulty concentrating.

Use of solid biomass fuels is also
a major source of indoor air pol-
lution. This is especially true in
underdeveloped countries where
heating and cooking depends on
these biomass fuels and when
combined with poor ventilation

results in repeated periods of
emissions that have been asso-
ciated with increased childhood
respiratory infections and devel-
opment of chronic obstructive
pulmonary disease, asthma, and
malignancy.

Studies have also investigated
the health effects of air pollution
during pregnancy and found that
moderate- to long-term high air
pollution exposure can alter T-cell
production in neonates. Polyaro-
matic hydrocarbons (PAHs), emit-

Environmental risk factors for allergic rhinitis - indoor and outdoor pollution

ted from residential heating and
gas appliances, may also impact
the immunologic development
of newborns. Studies have found
that the number and duration of
respiratory episodes were greater
in infants exposed prenatally to
higher levels of PAHSs.

In summary, there is overwhelm-
ing evidence to support the health
effects of air pollution on respira-
tory health. However, many ques-
tions remain unanswered which
require further investigation.
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A. Primary-secondary pollutants

(i) Primary: pollutants emitted directly into the atmosphere (eg, SO2, some NO_ species, CO, PM)

(ii) Secondary: pollutants that form in the air as a result of chemical reactions with other pollutants and gases (eg,
ozone, NO,, and some particulates)

B. Indoor-outdoor pollutants

(i) Indoor pollutants

(a) Sources: cooking and combustion, particle resuspension, building materials, air conditioning, consumer products,
smoking, heating, biologic agents

(b) Products: Combustion products (eg, tobacco and wood smoke), CO, CO,, SVOC (eg, aldehydes, alcohols, alkanes,
and ketones), microbial agents and organic dusts, radon, manmade vitreous fibers

(ii) Outdoor pollutants

(a) Sources: industrial, commercial, mobile, urban, regional, agricultural, natural

(b) Products: SO,, ozone, NOx, CO, PM, SVOC

C. Gaseous-particulate pollutants

(i) Gaseous: SO,, NOx, ozone, CO, SVOC (eg, PAH, dioxins, benzene, aldehydes, 1,3-butadiene)

(ii) Particulate: coarse PM (2.5-10 um; regulatory standard = PM, ), fine PM (0.1-2.5 um; regulatory standard = PM, );
ultrafine PM (<0.1 um; not regulated)

NOx, Nitrogen oxides; SVOC, specific volatile organic compounds.

(Data from J Allergy Clin Immunol, 114/5, Bernstein JA, Alexis N, Barnes C, Bernstein IL, Bernstein JA, Nel A, Peden D, Di-
az-Sanchez D, Tarlo SM, Williams PB. Health effects of air pollution, 1116-1123, Copyright 2004, with permission from
Elsevier.)

KEY REFERENCES 3. Bernstein JA, Alexis N, Barnes children. Am J Respir Crit Care
1. Kim H, Bernstein JA. Air pollution C, Bernstein IL, Bernstein JA, Med 2008;177:1331-1337.

and allergic disease. Curr Allergy Nel A, et al. Health effects of air o Codispoti CD, LeMasters GK, Levin
pollution. J Allergy Clin Immu-

Asthma Rep 2009;9:128-133. nol 2004:114:1116-1123. L, Reponen T, Ryan PH, Biagini My-

2. Bernstein JA, Alexis N, Bacchus H, 4. Morgenstern V, Zutavern A, Cyrys ers JM, et al. Traffic pollution is as-

Bernstein IL, Fritz P, Horner E, et al. J, Brockow |, Koletzko S, Krimer sociated with 'e‘arly'childhood aer-
The health effects of non-industri- U, et al. Atopic diseases, aller- oallergen sensitization. Ann Allergy
al indoor air pollution. JAllergy Clin gic sensitization, and exposure Asthma Immunol 2015;114:126-
Immunol 2008;121:585-591. to traffi c-related air pollution in 133.
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SECTION C - Allergic rhinitis - clinical features and co-morbidities

Megan Motosue

While allergic rhinitis (AR) refers
to an inflammatory process of
the nasal passages, symptoms in-
volve the nose and may extend
beyond to affect the eyes, ears,
sinuses, and lungs. Commonly
reported nasal symptoms include
nasal itching and congestion, run-
ny nose, and sneezing. Patients
may also complain of ear symp-
toms including ear fullness and
popping. Often AR will involve the
conjunctiva and as such patients
may experience itching, burning,
or tearful eyes. Other frequently
associated symptoms are throat
itching and post-nasal drip.

Severe persistent AR may lead
to snoring, mouth breathing, and
sinus pressure symptoms. With
chronic symptoms, children may
often sniff, snort, and repeatedly
clear their throats. While scratch-
ing their itchy palates, children
may also make a clicking sound
called the “palatal click.” Table 1
provides an overview of common
clinical features of AR.

AR is often associated with classic
physical findings as well. On nasal
examination, the nasal cavity lin-
ing will often appear pale or have a
bluish hue in contrast to its normal
pinkish hue. Nasal turbinates may
be enlarged and swollen. Clear
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CLINICAL FEATURES OF
ALLERGIC RHINITIS

James T. Li

e Common symptoms of allergic rhinitis involve the nose and
extend beyond to affect the eyes, ears, sinuses, and lungs
e Nasal symptoms include nasal itching and congestion, runny

nose, and paroxysmal sneezing

e Additional symptoms include ear fullness, itching and tearful
eyes, post-nasal drip, and cough

e Classic physical exam findings include swollen nasal turbinates,
pale nasal cavity lining, and cobblestoning

nasal discharge may also be seen
(Figure 1). Patients may also have
“cobblestoning” on exam, which
refers to the cobblestone-like or
bumps often seen in the back of
the throat.

Other physical features include
lines below the lower eyelid re-
ferred to as Dennie-Morgan lines.
Patients may have dark circles
around the eyes referred to as
allergic shiners (Figure 2). In ad-

Figure 1 Typical
nasal exam findings
of allergic rhinitis
with clear nasal
drainage and swollen
inferior turbinate.
(From Onerci TM.
Rhinitis. Diagnosis in
Otorhinolaryngology.
2010; pp 60-64.)

Clinical features of allergic rhinitis
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TABLE 1
Clinical features of allergic rhinitis

System Symptoms

Nose Sneezing, runny nose, and nasal congestion
Ears Tearful, burning, and itching eyes

Ears Ear popping and fullness

Sinus Pressure over the cheeks and forehead
Throat Itchy throat and post nasal drip

Lungs Cough and symptoms of asthma

Figure 2 Pediatric patient with allergic rhinitis
demonstrating “allergic shiners” and mouth breathing

(source UptoDate)

dition, children will often perform
the “allergic salute,” a rubbing mo-
tion performed by using the palm
of their hand to relieve their nasal
itching (Figure 3). Over time, this
can lead to a transverse crease
along the nose.

Symptoms of AR are caused by
an allergic reaction to allergens in
the air. Depending on the allergen,
symptoms may occur seasonally
or year round. Common seasonal
allergens include grasses, trees,
weeds, and molds. Common year
round or perennial allergens in-
clude animal dander, molds, and

Clinical features of allergic rhinitis

dust mites. While seasonal allergic
rhinitis tends to predominate in
children and perennial in adults,
individuals can have both types.

AR is a global health problem. In
addition to appropriate treatment,
symptom recognition is important
in managing and reducing morbid-
ity in this increasingly prevalent
disease.
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SECTION C - Allergic rhinitis - clinical features and co-morbidities

INTRODUCTION

Inhalant allergens are plant and an-
imal derived proteins that have the
capacity to generate IgE responses
and allergic disease in susceptible
individuals. Sensitization to inhal-
ant allergens is the main risk fac-
tor for allergic rhinitis (AR), asthma
and allergic conjunctivitis. In addi-
tion to the adaptive IgE immune
response, many allergens engage
adaptive immune responses via
proteolytic actions to destroy pro-
tective mucous layers in the air-
ways or activate the protease ac-
tivate receptor PAR2 to contribute
to epithelial inflammation.

CLASSIFICATION

Inhalant allergens were tradi-
tionally classified as seasonal or
perennial, however the allergic
rhinitis and its impact on asthma
(ARIA) report has suggested a
classification that relates to the
duration of impact than an aller-
gen has on allergic disease. For
example grass pollen can be sea-
sonal in a temperate region, but
causes perennial disease in the
tropics and sub-tropics. The pre-
ferred nomenclature for inhalant
allergens is intermittent and per-
sistent.
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e Inhalant allergens are plant and animal derived proteins that
have the capacity to generate IgE responses and allergic disease
in susceptible individuals; they cause rhinitis, conjunctivitis,

e asthma and atopic dermatitis

e Thepreferred nomenclature forinhalantallergensis intermittent

and persistent

e The diagnosis of inhalant allergy requires the presence of
sensitization and timing of disease to exposure to the inhalant

allergens

HOUSE DUST MITES

Two common mites from the Der-
matophagoides (Latin for ‘skin eat-
er') genus can cause allergic dis-
ease: the European house dust mite
(HDM) (Dermatophagoides pteron-
yssinus) (Figure 1) and the American
HDM (Dermatophagoides farinae);
however these are not confined to
their geographic titles and are pres-
ent worldwide. In tropical regions,
the tropical mite Blomia tropicalis is
the major mite allergen. Der P1, a
cysteine protease is the most char-
acterised, and is a digestive enzyme
that is excreted in mite faeces. Mites
inhabit and thrive in conditions
where there is skin and humidity,
particularly bedding, but may in-
habit furniture and carpet. Pillows
can contain up to 2000 mites per
gram of dust. Dust mites require

moulds for digestion. In their life
cycle, mites can lay about 70 eggs
and produce 2000 allergenic faecal
particles. Most mite reduction trials
have methodological issues and a
Cochrane review summarised that
extensive bedroom-based environ-
mental control measures may be
of use in reducing perennial rhinitis
symptoms.

POLLENS

Pollens are the male spores of
plant seeds from trees, grasses and
weeds. Pollen grains have a stur-
dy outer shell and inner spores. As
plants have evolved, pollens have
developed a more complex outer
structure (Figures 2 & 3). Tree pol-
lens (e.g, birch, elm, olive, acacia,
ash, cedar, pine) have a shorter and
earlier duration of pollination and

Triggers of allergic rhinitis: inhalant allergens
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Figure 1 Scanning electron microscopy (false colour) of the common house
dust mite. Dermatophagoides pteronyssinus.

Figure 2 Scanning electron microscopy (false colour) of Bermuda grass
Cynodon dactylon.

Figure 3 Scanning electron microscopy (false colour) demonstrating a
complex sulci (furrow) pattern of acacia pollen grains.

Triggers of allergic rhinitis: inhalant allergens

may release pollen for only a few
weeks in spring. Grasses (e.g. Rye,
Timothy, Orchard, Bermuda) have
late spring and summer peaks and
weeds (Ragweed/Ambrosia, Plan-
tain, Sorrel) follow a similar release
pattern, but also continue pollen
release into autumn. In temperate
zones weeds generally cease pollen
release with the first freeze. Pollens
can travel for miles, although some
pollens (e.g. plantain and birch) are
quite heavy and are not widely
dispersed. Grass pollen release is
increased 8-20 fold with the atmos-
pheric changes of thunderstorms.

MOULD

Moulds are the major component
found in environmental allergen
traps. They thrive and reproduce in
moist, dark environments such as
dirt, wood, food, plant matter and
animal matter. Common inhalant
allergen species include, Alternaria,
Aspergillus, Helminthosporium, Cla-
dosporium and Penicillium. Inhalant
allergic disease has been associated
with fungal dermatophytes includ-
ing Trichophyton spp, Candida albi-
cans and Epidermophyton. Most fun-
gi have branching threads (hyphae,
Figure 4). A mycelium is a cluster
of hyphae. In addition to allergic
disease several moulds (e.g. asper-
gillus) cause invasive disease and
are capable of producing volatile or-
ganic compounds that cause airway
irritation. Moulds are regarded as
persistent allergens however spore
release can increase dramatically
with thunderstorms to produce an
intermittent clinical disease pattern.

DANDER

Domestic cats and dogs are the
most characterized pet allergens,
although dander from a wide range
of animals may cause inhalant al-
lergic disease. The most important
cat allergens are the glycoproteins
Fel d1 (from sebaceous glands)
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SECTION C - Allergic rhinitis - clinic

and Fel d4 (in saliva). Cat allergens
are very pervasive and resistant to
elimination measures. Dog hair and
saliva can provoke allergic symp-
toms in sensitised individuals.

OTHER INHALANT ALLERGENS
A wide range of biological materi-
als including feathers, insect ma-
terials (e.g. cockroach, housefly)
and latex can provoke inhalant
allergic disease.

DIAGNOSIS OF ALLERGY

The clinical diagnosis of allergic
disease requires symptomatolo-
gy in the presence of the allergen
and the presence of IgE on testing
(skin prick, RAST

e

Figure 4 Light Microscopy of Alternaria alternata showing branched acropetal
chains and multicelled, conidia with short conical beaks.

and/or provoca-
tion). Pollen maps
(Figure 5) can
be helpful when
correlating  dis-
ease with posi-
tive tests. Clinical
disease caused by
inhalant allergens
can be enhanced
by the presence
of high ozone lev-
els and pollutants
including smoke
and diesel ex-
haust particles.
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TRIGGERS OF ALLERGIC
RHINITIS - CROSS-REACTIVE

ALLERGENS

Ronald van Ree

University of Amsterdam

Amsterdam, The Netherlands

Allergic rhinitis (AR) is a disease
triggered by the interaction be-
tween mast cell-bound specific
IgE antibodies and inhaled aller-
gens. The most common triggers
are house dust mites, and grass,
tree and weed pollen. In all cases,
multiple species have been impli-
cated, e.g. Dermatophagoides pter-
onyssinus and Dermatophagoides
farinae, and Blomia tropicalis for
mites, a long list of grass species
including Phleum pratense, Lolium
perenne and Poa pratensis, various
trees from the order of the Fagales
to which the Betulaceae (birch,
alder and hazel) and the Juglan-
daceae (walnut) families belong,
and the order of the Lamiales with
the family of the Oleaceae (olive
and ash), and finally a variety of
allergenic weeds such as the As-
teraceae (mugwort and ragweed),
the Urticaceae (Parietaria judaica),
the Plantaginaceae (plantain) and
the Amaranthaceae (Russian this-
tle). Depending on climatic and
socio-economic characteristics of
the domicile of a patient, the ac-
tual combined exposure to these
potential triggers differs widely in
composition.

Establishing the exact composi-
tion of exposure to the level of
individual species is in fact im-

KEY MESSAGES

e Cross-reactivity is common in allergic rhinitis

e Cross-reactivity allows simplification of diagnostic and
therapeutic strategies

e Taxonomic family-specific marker allergens help identifying the
source of primary sensitization

e Pan-allergens can assist in excluding primary sensitization

possible, e.g. because pollen of
different species within plant fam-
ilies can hardly if at all be distin-
guished microscopically. Antibody
responses as a read-out for expo-
sure usually do not really give the
answer either, because there is a
high degree of antibody cross-re-
activity between homologous al-
lergens of different species of pol-
len or of house dust mites, within
a family or even across family (or
even order) boundaries.

The degree of cross-reactivity is
correlated with the percentage of
structural homology, which is de-
termined by adjacency in the fam-
ily tree (genealogical relationship).
Both from a diagnostic and a ther-
apeutic perspective it is important
to be aware of cross-reactivity.
Within a family, cross-reactivity
is usually so extensive that both
for diagnosis and for allergen im-
munotherapy (AIT), a single high

Triggers of allergic rhinitis - cross-reactive allergens

IgE-binding species is sufficient,
e.g. Pheum pratense for grass pol-
len, Betula verrucosa for the birch
family, or Dermatophagoides ptero-
nyssinus for mites. There is no con-
vincing evidence that patients are
selectively allergic to just one spe-
cies of grass or tree pollen or one
species of mites. A mix of allergen
extracts for diagnosis or AIT may
seem more comprehensive but in
fact only complicates production
and standardization.

Cross-reactivity outside gene-
alogical families caused by so-
called pan-allergens may lead
to confusion about the primary
source of sensitization. For pol-
len, profilins and cross-reactive
carbohydrate determinants (CCD),
and for arthropods tropomyosins
are responsible for such broader
cross-reactivity. Molecular aller-
gology now offers the opportunity
to establish whether sensitization
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BIRCH FAMILY

SECTION C - Allergic rhinitis - clinical features and co-morbidities
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is the true primary sensitization or
cross-reactivity that started with
another primary sensitizer. For
allergenically important genealog-
ical families, marker allergens for
primary sensitization have been
identified (Table 1). If these are
negative, and only pan-allergens
are responsible for IgE reactivity,
clinical relevance is unlikely and
AIT not warranted.
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WEED FAMILIES

Figure 1 Cross-reactivities of most dominant allergenic pollen. Arrows indicate cross reactivity. The circular arrows
imply that profilin and CCD are pan-allergens present in all pollen and cause cross-reactivity across family borders. The
major allergens of the weeds essentially do not cross-react.

TABLE 1
Marker allergens for primary sensitization to a member of a genealogical family

GRASS FAMILY
timothy rye meadow

-
Phlpl Lolp1l Poapl

Phlp5 Lolp5 Poap5
EE——

Salk 1

Russian thistle

Dermatophagoides pteronyssinus ~ Derp 1
House dust mite Dermatophagoides farinae Derp 2

Blomia tropicalis Blot5
Grass pollen Gramineae or Poaceae Phlp 1, Phlp 5
Tree pollen Fagales Betv 1

Lamiales Olee 1l
Mugwort pollen Artemisia vulgaris Artv1
Ragweed pollen Ambrosia artemisifolia Amba1l
Pellitory pollen Parietaria judaica Parj1
Plantain pollen Plantago lanceolata Plal1
Russian thistle Salsola kali Salk 1
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Work-related rhinitis (WRR) in-
cludes occupational rhinitis (OR),
that is an inflammatory disease of
the nose due to causes and con-
ditions attributable to a particular
work environment, and work-ex-
acerbated rhinitis, that is pre-ex-
isting or concurrent rhinitis exac-
erbated by workplace exposures
(Figure 1).

OCCUPATIONAL RHINITIS

OR is the most frequent and rec-
ognised form of WRR and can be
allergic, i.e. immunologically medi-
ated, and non-allergic, i.e. mediat-
ed by irritant mechanisms.

Occupational exposures inducing
allergic OR are the same as for
occupational asthma. High-mo-
lecular-weight (HMW) agents
such as glycoproteins from veg-
etal and animal origin (e.g. flours,
latex, animal-derived allergens)
and some low-molecular-weight
(LMW) compounds (e.g. platinum
salts, anhydrides) can cause aller-
gic OR through an IgE-mediated
mechanism. Some LMW agents,
e.g. isocyanates, can act with non-
IgE, cell-mediated immunological
mechanisms, which have not yet
been fully characterized. (Figure 2)

Non-allergic OR is caused by the
work environment throughirritant,

KEY MESSAGES

Research (IdiPAZ), Madrid, Spain

e Work-related rhinitis includes occupational rhinitis (OR), i.e. an
inflammatory disease of the nose due to causes and conditions
attributable to a particular work environment, and work-
exacerbated rhinitis, that is pre-existing or concurrent rhinitis
exacerbated by workplace exposures

e Allergic OR may be induced by high-molecular-weight (HMW)
agents (i.e. glycoproteins from vegetal and animal origin) and by
some low-molecular-weight (LMW) agents acting through an
IgE-mediated mechanism, or can be induced by LMW-agents
acting by non-IgE, immunological mechanisms

e Non-allergic OR is caused by the work environment through
irritant, non-immunological mechanisms

e Simultaneous multiple exposure to irritants and sensitizers can
also induce work-related rhinitis

non-immunological mechanisms.
An acute form of irritant-induced
OR occurring without a latency
period, after a single exposure
to high levels of irritants at work
is called ‘reactive upper airways
dysfunction syndrome’ (RUDS).
Exposure to volatile organic sol-
vents and pesticides has been
associated to the development of
RUDS. Symptoms of rhinitis may
also present in subjects repeat-
edly exposed at work to irritants
(vapors, fumes, smokes, dusts),
without any identifiable exposure
to high concentration of irritants.
This entity is recognized as multi-

Triggers of allergic rhinitis - work-related allergens

ple exposure irritant-induced OR.
A variety of occupational expo-
sures have been associated with
this type of OR, including ozone,
volatile organic compounds, fuel
oil ash, grain and cotton dust, for-
maldehyde, chlorine, wood dust,
thermal degradation products of
polyurethanes, and waste han-
dling. The term ‘corrosive rhinitis’
describes the most severe form
of irritant-induced OR, which is
characterized by permanent in-
flammation of the nasal mucosa,
sometimes associated with ulcer-
ations and perforation of the na-
sal septum, that may develop after
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WORK-RELATED RHINITIS

SECTION C - Allergic rhinitis - clinical features and co-morbidities

Figure 1 Classification
of work related rhinitis.
(Modified from EAACI Task
Force on Occupational Rhinitis,
Moscato G, Vandenplas O,
et al. Occupational Rhinitis.
Allergy 2008;63:969-980.)

s Occupational rhinitis
due to causes and conditions attributable to
a particular work environment
o Allergic (IgE-mediated or non-IgE-
mediated)

o Non-allergic (RUDS, irritant-induced)

+» Work-exacerbated rhinitis

o that is pre-existing or concurrent
rhinitis exacerbated by workplace
exposures

Occupational agents
High molecular weight Low molecular weight
(HMW) compounds (2 5 kDa) (LMW) compounds (< 5 kDa)
« Animal proteins : ﬁh‘t’-‘";‘ica's 5
« Plant proteins *assis '
: » Wood dust e
» Pharmaca ’
Immune No immune sensitization
sensitization
IgE mediated IgE mediated or non- Non-IgE mediated
IgE mediated
HMW allergens LMW sensitizers LMW irritants

Flour, Lab animals, ... Isocyanates, persulphates,...  Chlorine, Ammonia, ...

Figure 2 Occupational agents inducing occupational rhinitis according to their etiopathogenesis. (Reproduced with
permission from Hox V, Steelant B, Fokkens W, et al. Occupational upper airway disease: how work daffects the nose. Allergy
2014;69:282-291, with permission from Willey Blackwell.)
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Occupation

Agents

Cleaners

Various cleaning agents (Chlorine/bleach, dust)

Grape farmers

Various pesticides (Bipyrifyl herbicides -paraquat, diquat-,
dithiocarbamate fungicides, carbamate insecticides)

Greenhouse workers

Inhalant allergens, endotoxins, pesticides

Construction painters

Paints

Automotive piston ring
manufacturing workers

Metal working fluid aerosol (microbes, endotoxins, metals)

Modified from Siracusa A, Folletti I, Moscato G. Nonallergic work-related rhinitis. Review
article. Curr Opin Allergy Clin Immunol 2013;13:159-166.

exposure to high concentrations
of irritating and soluble chemicals
like, for instance, chromium.

WORK-EXACERBATED
RHINITIS

A wide variety of conditions at
work, including irritant agents
(e.g., chemicals, dusts, fumes),
physical factors (e.g., temperature
changes), emotions, second-hand
smoke, and strong smells (e.g.,
perfumes) can trigger or wors-
en symptoms of a pre-existing or
concurrent personal rhinitis.

EXPOSURE TO MULTIPLE
AGENTS

A high prevalence of rhinitis in
working populations that were si-

multaneously exposed to several
potentially irritant and sensitiz-
ing agents, both LMW and HMW
agents, has recently been report-
ed (Table 1). Cleaners, farmers,
greenhouse workers, construction
painters, automotive piston ring
manufacturing workers have been
described.
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Allergic rhinitis (AR) and chronic
rhinosinusitis with nasal polyps
(CRSWNP) are both T helper 2
mediated inflammatory diseas-
es of the nasal mucosa with high
concentrations of IgE. AR affects
30 % of the population and al-
lergen-specific IgE plays a well-
known central role. CRSWNP af-
fects 4% of the population and
is frequently associated with late
onset intrinsic asthma. IgE in AR is
monoclonal allergen-specific and
polyclonal in CRSWNP.. Although
this polyclonal IgE is functional,
it does not point to comorbid al-
lergic disease. The prevalence of
allergy in CRSWNP, diagnosed by
skin prick tests, has been report-
ed to vary from 10 to 54%.. In-
terestingly, allergen exposure in
atopic nasal polyp (NP) patients
does not clearly enhance disease
expression, in contrast to patients
with AR. The monoclonal IgE in
AR reflects the allergic constitu-
tion. The polyclonal IgE in atopic
NP patients however suppresses
atopic symptoms. AR does prob-
ably not predispose to the devel-
opment of NP, as their prevalence
in the atopic population is similar
to the general population, which
in a French study was estimat-
ed 2,11% of the adult popula-
tion. The treatment of NP is still
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e |gE is involved in both AR and CRSwNP, although in AR it is
allergen-specific and in CRSwWNP it is polyclonal
e |tis not clear whether atopy contributes to the development of

CRSwWNP

e CRSwNP are often colonized with S. aureus and IgE to S aureus
superantigens are related to disease severity

e Nasal polyps are frequently associated with (non-atopic, late
onset) asthma and aspirin intolerance

e The treatment of nasal polyps is indispensable in the control of

asthma

problematic because there are
no effective medical treatments
available and because of a high re-
currence rate after surgical NP re-
moval. Anti-IgE treatment appears
to be effective in both atopic and
non-atopic patients with CRSWNP
and comorbid asthma, suggesting
this ‘non-atopic’ IgE plays a pivotal
role in CRSWNP.

CRSWNP is frequently associated
with late onset intrinsic asthma,
and can be associated with aspirin
intolerance. The triad CRSwNP,
asthma and aspirin intolerance
was termed Samter’s triad and is
actually known as aspirin-exac-
erbated respiratory disease.. NP
in Samter’s triad are typically re-
calcitrant and hard to treat, and
asthma is likewise severe. Fur-

thermore, asthma control is un-
likely in uncontrolled CRSWNP. In
contrast to AR associated asthma,
co-morbid asthma in NP disease
is mostly non-atopic and its onset
is generally in the adult life. Thus,
atopy cannot explain the pres-
ence of co-morbid asthma in NP
patients. It is thought that many
factors contribute in the patho-
genesis of CRSWNP, including col-
onization with Staphylococcus au-
reus. Their enterotoxins can act as
superantigens resulting in an im-
mune response of increased mag-
nitude and a massive IgE response
(Figure 1). The overexpression of
IgE and IL5, and the presence of
SE-specific IgE in CRSWNP is as-
sociated with an increased risk of
asthma (Figure 2).

Co-morbidities of allergic rhinitis: nasal polyposis
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Management of Nasal Polyposis following EPOS

SECTION C - Allergic rhinitis - clinical fea

or discoloured discharge
+/- frontal pain, headache
+/- smell disturbance

consider CT scan

2 symptoms: one of which should be nasal obstruction

ENT examination including endoscopy (size of polyps)
consider diagnosis and treatment of co-morbidities

Figure 3 The evidence-based management scheme for nasal polyps in the adult population as described by the EPOS
guidelines. (From Fokkens WJ, Lund VJ, Mullol J, Bachert C, Alobid |, Baroody F, et al. European Position Paper on Rhinosinusitis
and Nasal Polyps 2012. Rhinol Suppl 2012;(23):3 p preceding table of contents, 1-298.)

CRSwWNP and asthma are associat-
ed with high morbidity and socio-
economic cost. Control is essential
in the prevention of exacerba-
tions. Treatment of CRSwWNP fol-
lowing the evidence-based EPOS
management scheme (Figure 3) is
indispensable to achieve control
of co-morbid asthma. Recognition
of aspirin intolerance in patients
with CRSWNP is important to ed-
ucate patients and to prevent life
threatening responses.
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Allergic rhinoconjunctivitis (ARC)
is a very common manifestation
of allergy affecting approximately
10-30% of adults and up to 40%
of children. Allergic conjunctivitis
(AC) is a comorbidity of other al-
lergic diseases in more than 90%
of cases. Specifically, in allergic
rhinitis (AR) sufferers the preva-
lence of AC varies between 50-90
%. As noted by the Phase Il ISAAC
Study the prevalence of ARC in
children is increasing worldwide
and rises through childhood (8.5%
at 6-7 years and 14.6% at 13-14
years). No significant gender dif-
ferences have been described in
the prevalence of ARC. AC can be
seasonal (SAC) or perennial (PAC).
SAC and PAC are the most com-
mon forms of ocular allergy.

AC is characterized by itching, hy-
peremia, watering and chemosis.
Vision is not affected, but symp-
toms can be highly bothersome
with a significant impact on pro-
ductivity and quality of life. AC
is related to both direct allergen
contact with conjunctival mucosa
as well as indirect contact via a na-
sal-ocular reflex. In SAC and PAC
common environmental allergens
lead to an inappropriate immuno-
globulin E production and immu-
nological sensitization. When sub-

CO-MORSBIDITIES OF

ALLERGIC RHINITIS: OCULAR

ALLERGY

KEY MESSAGES

Stefano Bonini
University of Rome Campus Bio
Medico, Italy

e Allergic conjunctivitis is one of the most common comorbidities
of allergic diseases, especially of allergic rhinitis

e Allergic rhinoconjunctivitis can be seasonal or perennial

e Symptoms can considerably affect quality of life

e New therapeutic approaches are improving rhinoconjunctivitis
management

sequently exposed to the allergen,
these antibodies can initiate mast
cell degranulation and the entire
allergic response. SAC and PAC in-
volve an immediate (type I) hyper-
sensitivity response. In SAC mast
cells (MC) are the main infiltrat-
ing cells in the conjunctiva, with
secreted products primarily or-
chestrating the inflammatory re-
sponse. In PAC the inflammation
is more chronic, with involvement
of activated MC, eosinophils, neu-
trophils and some T cells.

SAC (Figure 1) occurs at the same
time each year and recurs season-
ally with the changes in pollens
and allergens present. Symptoms
tend to last a few weeks each
year and may vary with the pollen
count. Grass pollens tend to cause
symptoms in early summer, usual-

Co-morbidities of allergic rhinitis: ocular allergy

ly from April through to July. Oth-
er pollens may cause symptoms
as early as February or March or
as late as September. PAC (Figure
2) persists throughout the year.
It is most commonly due to an
allergy to house dust mite. PAC
is becoming more frequent that
SAC, probably due to new peren-
nial airborne allergens or irritants,
such as pollutants.

Traditional therapy for SAC and
PAC has been topical administra-
tion of antihistamines or mast cells
stabilizers. In the last few years
therapeutic approach has evolved
toward more specific therapies
(allergen immunotherapy, topical
immunosuppressants) improving
its management, especially for se-
vere cases.
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Figure 2 Perennial allergic conjunctivitis
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CO-MORBIDITIES OF
C ALLERGIC RHINITIS:
EOSINOPHILIC OTITIS MEDIA
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Eosinophilic otitis media (EOM)
is a newly recognized middle ear KEY MESSAGES

disease, which was first reported
by Tomioka et al. in 1994. EOM is e Eosinophilic otitis media (EOM) is an intractable otitis media

an intractable otitis media charac- characterized by the presence of a highly viscous yellow
terized by the presence of a highly effusion containing eosinophils. It mainly occurs in patients
viscous yellow effusion contain- with asthma
ing many eosinophils (Figure 1). e High level of eosinophil cationic protein in middle ear effusion
It mainly occurs in patients with and many EG2 immunopositive cells in the middle ear mucosa
asthma and is resistant to conven- are detected in EOM patients, indicating active eosinophilic
tional treatments for otitis media. inflammation

e EOM causes deterioration of bone conduction hearing levels,
PATHOGENESIS particularly for high frequencies
In the middle ear of patients with e Systemic or topical administration of corticosteroids is the most

effective treatment for patients with EOM

EOM, active eosinophilic inflam-
mation appears to be present
because high levels of eosinophil
cationic protein in middle ear effu-
sion (MEE) and many EG2 immu-
nopositive cells in the middle ear
mucosa are detected. EOM pa-
tients show a significantly longer
Eustachian tube opening duration
compared with that of control pa-
tients allowing antigenic materials
to enter the middle ear, causing
eosinophilic inflammation in asso-
ciation with an atopic predisposi-
tion. Antigen-specific IgEs against
inhalant and bacterial antigens
were detected in EOM, suggest-

S313IPIQIOW-02 puUe Sa4Njeay [ealul)d - suiulyd 218

Figure 1 Histological findings of the
middle ear effusion of eosinophilic
otitis media. Numerous eosinophils
are seen in the effusion. ( HE stain)

Co-morbidities of allergic rhinitis: eosinophilic otitis media 129
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Figure 2 Otoscopic findings of EOM, chronic otitis media type (granulation tissue

ing local sensitization (middle ear)
against fungi and bacteria such as
Staphylococcus aureus.

DIAGNOSIS

Diagnostic criteria were estab-
lished in 2011 by the EOM study
group. The major diagnostic crite-
rion is otitis media with effusion
or chronic otitis media with eosin-
ophil-dominant effusion. The mi-
nor criteria are: 1) highly viscous
MEE; 2) resistance to convention-
al treatment for otitis media; 3)
association with asthma; and 4)
association with nasal polyposis
(NP). Definite cases are defined
as the presence of the major cri-
terion plus two or more of the
minor criteria. In addition eosin-
ophilic granulomatous polyangitis
(Churg-Strauss syndrome) and hy-
pereosinophilic syndrome need to
be excluded.

CLINICAL FEATURES

EOM can be roughly divided into
effusion type otitis media and
chronic type otitis media. The lat-
ter is further divided into two sub-
types: simple perforation subtype

130

formation subtype), left ear.

and granulation tissue formation
subtype (Figure 2). About 90 % of
EOM patients have asthma. As-
sociation of chronic rhinosinusitis
(CRS) was also found in 75% of
the patients (2). In these patients,
massive infiltration of eosinophils
is observed in NP or in the sinus
mucosa. This condition is called
eosinophil-dominant NP or eosin-
ophilic CRS.

EOM causes deterioration of
bone conduction hearing levels,
particularly for high frequencies.
The risk factors of deteriorating
bone conduction hearing levels
include high levels of IgE and eo-
sinophil cationic protein in MEE,
male sex, the duration of EOM,
the severity of middle ear mucosa
inflammation, and the presence of
bacterial infection.

TREATMENT

Currently, the most reliable treat-
ment for EOM is systemic and
topical administration of corticos-
teroids. The instillation of triamci-
nolone acetonide into the middle
ear is very effective for the control
of eosinophilic inflammation.

In addition, omalizumab, a recom-
binant humanized monoclonal an-
ti-IgE antibody, has been reported
to be efficacious for some patients
with EOM.

The control of bacterial infection
is also important for the treatment
for EOM superinfected with path-
ogens.
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WHAT IS EOSINOPHILIC
ESOPHAGITIS?

Eosinophilic Esophagitis (EoE) is a
chronic immune and antigen me-
diated disease (Figure 1), which
is characterized by eosinophil in-
filtration into the esophageal epi-
thelium and results in esophageal
fibrosis and dysfunction. EoE af-
fects children and adults through-
out the world, and has been
reported in all continents. The
prevalence of EoE is 56.7/100,000
and is increasing throughout the
world. Current consensus diag-
nostic guidelines for EoE recom-
mend a minimum threshold of 15
eosinophils per high power field
on at least one esophageal biopsy
specimen, with eosinophilia lim-
ited to the esophagus. Common
macroscopic endoscopic findings
include furrowing, white mucosal
plaques, esophageal trachealiza-
tion, esophageal narrowing, stric-
ture, and mucosal tearing.

EoE is known to be a food anti-
gen-driven, chronic allergic dis-
ease. There are two main cur-
rently accepted clinical treatment
strategies for EoE: dietary elimina-
tion and corticosteroid treatment.
Food avoidance by elemental diet
or specific food elimination diet
leads to resolution of his symp-

CO-MORSBIDITIES OF
ALLERGIC RHINITIS:

Pennsylvania, USA

KEY MESSAGES

EOSINOPHILIC ESOPHAGITIS

Jonathan M. Spergel

University of Pennsylvania

e Eosinophilic Esophagitis (EoE) is a rapidly occurring disease with
symptoms of esophageal dysfunction with isolated eosinophils

infiltrating the esophagus

e The diagnosis of EoE increases during pollen season
e Esophageal eosinophilia is seen in patients with allergic rhinitis
and increases during pollen season to the range seen in food

induced EoE

e Patients with EoE need to be treated for their allergic rhinitis

toms and normalization of esoph-
ageal biopsy.

Patients with EoE often have a
history of atopy, such as elevated
serum IgE, peripheral eosinophilia,
allergic diseases (including asth-
ma, atopic dermatitis, or allergic
rhinitis, IgE mediated foods aller-
gies), and sensitization to foods
and aeroallergens as demonstrat-
ed by a positive skin test result.
Allergic rhinitis (AR) was seen up
to 75% of the patients.

Evidence suggests that aeroaller-
gens may play a causative role in
the development of EoE. Circum-
stantial evidence shows an in-
crease in EoE diagnosis in pollen
seasons. During pollen season,
there is an increased numbers of
eosinophils in esophagus com-
pared to non-atopic controls, al-

Co-morbidities of allergic rhinitis: eosinophilic esophagitis

though the number of eosinophils
observed was lower than values
typically seen in patients who
have EoE. In addition, we have
seasonal variation of symptoms
and eosinophils in esophagus in
about 25% of our patients. Sea-
sonal variation was confirmed in
a case report on one 20 year old,
full disease control was achieved
only during non-pollen seasons.

Additional evidence comes from
trials of allergen immunotherapy
(AIT) as EoE occurred when one
patient started on sublingual im-
munotherapy. Two recent case
reports have show improvement
in EoE with birch pollen and dust
mites subcutaneous immunother-
apy suggesting a role for aeroal-
lergens in a select group of EoE
patients.
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Figure 1 In genetically susceptible individuals, antigens (i.e. foods or aeroallergens) and irritants (i.e. acid reflux) induce
esophageal epithelium to produce thymic stromal lymphopoietin (TSLP) and Eotaxin 3 (CCL26). Eotaxin 3 (CCL26) recruits
eosinophils to the esophageal epithelium, whereas TSLP leads to dendritic cell and basophil activation as well as Th2
polarization. This results in Th2 cytokine ( IL-4, IL-5 and IL-13) secretion and the development of typical Th2 inflammation
characterized by eosinophils, mast cells and T cells. IL-13 further promotes expansion and survival of the recruited
eosinophils. Diet therapy removes the allergen, while swallowed corticosteroids decrease pro-inflammatory cytokines.
(Figure revised from Rothenberg et al, Gastroenterol 2009 and Merves et al, Annual Allergy Asthma Immunol, 2014.)
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The airways start with the nose
and end with the peripheral small
airways. Thus the nose has an im-
portant role as gatekeeper pro-
tecting the lower airways from
exogenous pro-inflammatory trig-
gers. The nose and bronchi form
one respiratory unit (Figure 1).

Anatomically there are both simi-
larities and differences. The nose
is being formed by the ectoderm,
while the lower airways derive
from the mesoderm, with the
paranasal sinuses representing a
mix of these two. Thus the nose
keep some features from the skin
being more resistant to external
stress compared to mucosa of the
lower airways. One common fea-
ture of the facial skin and the nose
and the lung is the innervation.

THE NERVOUS LINK

Both the face and the nose are
sensitive to external stimuli po-
tentially harmful for the lower air-
ways. Koskela described in a study
on cold air sensitive asthmatics
that facial cooling was enough to
induce a bronchial obstruction in
subjects inhaling humidified room
tempered air. The magnitude of
response was the same as when
the subjects inhaled cool dry air
to the lower airways.. However,
not only the face but also the nose

The united airway disease

DISEASE

Leif Bjermer
Lund University
Lund, Sweden
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e The respiratory tract starts with the nose and ends with the
peripheral small airways

e Nervous triggers and inflammatory changes in the upper
airways relate to changes in the lower airways, mediated
through a nervous, direct and systemic route

e Optimal control of asthma involves proper treatment of the
associated rhinitis or rhinosinusitis

share the same pattern with ef-
ferent sensory nerves mediating a
response in the lower airways. In a
study by Millqvist, cold air stimuli
in the nose induced increased re-
sistance of the lower airways. This
naso-bronchial reflex could be sup-
pressed by local anesthesia applied
in the nose. A third evidence of a
nervous link between the upper
and lower airways was the study
by Llttell showing that methacho-
line but not histamine applied in
the nose, increased both nasal and
lower airway resistance.

THE DIRECT AIRWAY LINK

During inspiration the air is fil-
tered, tempered, humidified and
supplied with nitric oxide (NO)
before entering the lower airways.
Thus the nose serve as an impor-
tant conditioner of the air that is
tracked down into the airways.

Nose breathing can prevent bron-
choconstriction induced by inhala-
tion of cold dry air, and increased
mouth breathing due to a blocked
nose is likely to be one reason for
the worsening of asthma. In nor-
mal controls almost all NO found
in exhaled air is derived from the
upper airways, mainly produced in
the paranasal sinuses. During deep
nasal inhalation, NO in physiologi-
cal concentrations is being tracked
down to the lower airways. This is
believed to be an important factor
that helps to improve matching be-
tween ventilation and perfusion.

A SYSTEMIC LINK

Allergen challenge in the nose
is know to induce inflammatory
changes in the bronchi, measured
as increased numbers of eosino-
phils in bronchial mucosa. The final
proof that the reaction was due to
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systemic mechanisms came from
the revert study applying allergens
by endoscopy in the lower airways,
and than 24 hours later, showing
increased inflammation in the na-
sal mucosa. The link between the
paranasal sinuses and the lower
airways is probably even more in-
teresting. Sharing the same germ
layer origin, there are similarities
not only regarding cellular inflam-
mation but also in tissue inflam-
mation and remodelling. A chronic
sinusitis harboring fungal or staph-
ylococcal superantigens has been
associated with a more extensive
and difficult to treat asthma. Also
in other non-asthmatic conditions,
a definite link exist, i.e. chronic
lower airway infection with bron-
chiectasis is associated with an
increased prevalence of chronic
sinusitis with polyps.

IMPLICATION FOR TREATMENT

The link between the upper and
the lower airways is so obvious

134

Direct

Systemic

that it should be regarded as mis-
conduct not to consider both com-
partments as treatment targets in
order to achieve optimal disease
control. Thus patients with asth-
ma and more severe rhinitis or
rhinosinusitis have a greater risk
of worsening asthma control and
getting severe asthma exacerba-
tions. In parallel, severe asthma
barely exists without concomitant
rhinosinusitis. In the traditional
asthma studies, severe rhinitis pa-
tients have been excluded. There-
fore, we need to explore different
treatment alternatives, how to
best treat and control asthma and
rhinitis simultaneously. This can
be done either as optimal local
treatment by the two compart-
ments or by the systemic route. As
new biologics with anti-cytokine
treatment are entering the scene,
it is important that these aspects
are being addressed from the ear-
ly start.

Figure 2 There is a consistent link
between the nose and the lower
airways, forming one functional unit.
A direct link, a systemic link and a
nervous link have been documented.
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ATOPIC DERMATITIS AND
ALLERGIC RHINITIS: WHERE IS THE
EVIDENCE FOR COMORSBIDITY?

Atopic dermatitis (1), allergic rhi-
nitis (AR) and allergic asthma (AA)
(2) represent the three allergic dis-
eases within the context of the at-
opic diathesis. Interestingly, while
the issue of comorbidity between
AD and AA has been analyzed
thoroughly from a genetic, epi-
demiological and clinical aspect,
data related to the comorbidity
between AD and AR are more
scarce. In principle, this could be
mainly due to the fact that the age
of onset of both diseases differs
substantially. Indeed in our clas-
sical view, AD starts rather early
in childhood and typically much
longer before AR and AA emerge.
However, epidemiological studies
seem to show that the combina-
tion of AD and AR is a risk factor
for AA. Moreover, the issue of the
severity of AD and its possible im-
plication for the appearance of AR
has not been studied in detail.

In some epidemiological stud-
ies looking at the prevalence of
AD, AA and AR, the percentage
of subjects with both AD and AR
was about 9%. Interestingly, this
prevalence of comorbidity de-
creased afterwards with age. The
BAMSE cohort reported a high-
er incidence: at 12 years, 58% of
the children had eczema, asthma

Thomas Bieber
University of Bonn
Germany

KEY MESSAGES

e There is clear evidence for comorbidity between atopic
dermatitis (AD) and allergic rhinitis (AR)

e AD usually precedes AR and the association strongly depends
on the stage of the course of AD

e Future early prevention strategies may decrease the incidence
of both AD and AR

and/or rhinitis (Figure 1) at some
time. Disease turnover was high
for all three diseases throughout
the study (Figure 2). Comorbid-
ity increased with age, and at 12
years, 7.5% of all the children
were affected by at least two al-
lergy-related diseases. This fur-
ther illustrates how important it
is to consider the age of the pa-
tients and disease turnover with
regard to this particular kind of as-
sociation. It is well accepted that
patients with AD are significantly
more likely to have other atopic
diseases, compared to patients
without AD (22% versus 17%).
In such studies, which are not
primarily considering the age of
the patients, the comorbidity be-
tween AD and AR was quite high
(76 %). In other studies a higher
percentage of patients with AD
had reported to have rhinitis but
again these studies did not con-

Atopic dermatitis and allergic rhinitis: where is the evidence for comorbidity?

sider differences in terms of age
of the patients. Interestingly from
a genetic point of view, there is
no evidence for a clear overlap in
terms of genetic linkage analyses
or by the means of other genet-
ic investigations such as genome
wide association studies.

Moreover there are no clear-cut
validated biomarkers identified so
far which may predict, that a given
patients with AD will develop AR
in the course of the natural histo-
ry of its skin disease. On the oth-
er hand, it has been reported that
individuals with AD clearly show a
predisposition for allergic comor-
bidities by the age of 3y and that
this seems to correlate with the
severity and poor disease control
of AD.

This is again confirmed by more re-
cent studies looking at the severity
of AD in relationship with other
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Figure 1 Prevalence rates of allergy-related diseases up to 12 years in the BAMSE birth cohort. Twelve-month prevalence

of eczema, asthma, rhinitis and any symptom at age 1, 2, 4, 8 and 12 years. Empty bars show the cumulative prevalence at

12 years (n=2916). (Reproduced with permission from Ballardini N, Kull I, Lind T, et al. Development and comorbidity of eczema,
asthma and rhinitis to age 12: data from the BAMSE birth cohort. Allergy, 2012;67:537-544, with permission from Willey

chronic health disorders including
AA, AR and food allergies. Hence
addressing the question of comor-
bidity of AD and AR seems to be
tightly related to the time point at
which the patients are observed
during the course of AD. Indeed,
beside the real comorbidity, se-
quential association between AD
and AR is probably the more often
situation than the single occur-
rence of both allergic diseases.

The lessons learned from these
observations as 3 fold:

1. The heterogeneity of the clin-
ical phenotype of AD has so
far been underestimated. New
epidemiological studies with
regard to the question of the
comorbidity should consider
this particular aspect.
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Blackwell.)

2. In terms of prevention, there
are currently new develop-
ments aimed to prevent the
appearance of AD as the first
manifestation of the atopic
march by a very early interven-
tion using emollients directly
after birth. Only a few studies
have addressed this key issue
so far and it will be interesting
to see whether a successful
prevention of AD in the context
of this early intervention may
also prevent the appearance of
AR in children with high risk to
develop the atopic march.

3. From a therapeutic point of
view it is well accepted that
- in contrast to AR -antihista-
mines have only poor effects
in the control of AD, particu-

larly with regards to the pruri-
tus. On the other hand, there
is some evidence that allergen
immunotherapy (AIT) targeting
for example house dust mite as
a classical trigger for AR could
be of interest in the context of
the management of the severe
forms of AD. Clearly, for such
studies we needed to explore
the clinical benefit but also the
immunological mechanisms pu-
tatively involved in a positive
clinical respond for both AD
and AR to AIT.
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Figure 2 Disease turnover and persistence up to 12 years of age in the BAMSE birth cohort. Turnover indicates the
percentage in the population (n = 2916) of new and remitting cases at each observation point. New cases were defined
as onset of disease that had not been present at any previous observation point, and remission was defined as not having
a disease that had been present at the previous observation point. Persistence indicates the proportion of children who
had a disease at one, two, three or more observation points among the children who had ever had the same disease.
(Reproduced with permission from Ballardini N, Kull I, Lind T, et al. Development and comorbidity of eczema, asthma and rhinitis to
age 12: data from the BAMSE birth cohort. Allergy, 2012;67:537-544, with permission from Willey Blackwell.)
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Food allergy is an overlooked
co-morbidity of allergic rhinitis
(AR), however the upper respirato-
ry tract can be a target of IgE-me-
diated food allergy. Symptoms
may include nasal congestion, rhi-
norrhoea, sneezing and pruritus.
Although prevalence seems to be
low in clinical presentation, pa-
tients who present with IgE-medi-
ated food allergy have nasal symp-
toms during oral food challenges.

A peculiar form of co-morbid food
allergy, highly prevalent in patients
with pollen-induced AR, is the
so called “pollen food syndrome”
(PFS), which is also termed “oral
allergy syndrome” (OAS). This is
an immediate hypersensitivity re-
action mediated by IgE following
sensitization to pollens. Patients
will experience local oral symp-
toms of pruritus and swelling with
fresh fruits (e.g. apple, pear, peach),
vegetables or spices that cross-re-
act with pollens (Figure 1 and Table
1). The suggested mechanism is IgE
cross-reactivity between the impli-
cated plant-derived food and the
primary sensitizing pollen(s) that
occurs as consequence of common
epitopes between pollen and food
allergens.

The pathogen-related proteins
(PR) are the plant allergens re-
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ALLERGIC RHINITIS
AND FOOD ALLERGY
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Adolescents and adults suffering from allergic rhinitis (AR) can
develop oral symptoms to raw fruits and vegetables. This syn-
drome is called pollen-food syndrome or oral allergy syndrome.
It is characterized by an IgE-mediated, immediate reaction in-
duced by prior sensitization to pollen rather than primary sensi-
tization to a food allergen. Cross-reactivity depends on specific
epitopes shared by food allergens and pollen
Pathogenesis-related proteins (PR) are usually responsible for these
reactions. 17 families of PR have been identified according to their
function. The most relevant to pollen food allergy syndrome are
profilins (PR-10), lipid-transfer-protein (LT; PR-14 and PR-15)
Profilins in birch pollen cross -reacts commonly with foods of
the Rosacee family i.e for fruit: apple, pear, peach, cherry, apri-
cot. Bet v 1 shows homologous protein with Mal d 1, a major
antigenic protein in apple

The clinical manifestations are usually mild and transient (pru-
ritus of the lip, tongue and mouth, throat tightness). Systemic
reactions are uncommon, but may happen depending on the
specific epitope that is involved

Symptoms are triggered by fresh vegetables and fruits. The
cooked forms are usually tolerated

The prevalence is related to sensitivity patterns varying with
exposure and is associated to geographical areas i.e Northern
Europe: birch pollen/apple, Southern Europe: grass pollen/
apricot, pear, apple

sponsible for this peculiar form
of food allergy. Some of them
are heat-resistant and account
for some more severe reactions.
Two main families of heat-labile
PR have been identified as more

prevalent in inducing clinical reac-
tions: the Bet v 1 family (birch pol-
len major allergens that are highly
cross reactive with several plant
food allergens) and the profilins
(which includes the Bet v 2 minor

Allergic rhinitis and food allergy
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Ask about

any oral pruritus, swelling of
lips with symptoms with raw fruit
i.e apples or vegetables i.e celery.
Investigate if symptoms occur with
cooked and frozen foods

(& J

4 )

Skin prick tests

it should be by prick-prick test
with fresh foods and only with the

incriminated fruit as nonclinically
relevant positivity could be elicited

Component-resolved diagnostics
can provide a profile of relevant

\_ sensitizations: profilins, LTP Y,

Figure 2 Recognizing the pollen-food syndrome.

TABLE 1
Cross-reactive pollens and foods

Apple, pear, cherry, peach, nectarine, apricot, tomato, kiwi, car-
Birch rots, potato, parsnip, green pepper, fresh spices, celery, peanuts,
hazelnut, walnut, almond, lentil, beans, peas, soybean
Grass Melon, water melon, oranges, tomato, potato, kiwi, Peanut, carrot
Celery, carrot, spices (parsley, caraway seeds, fennel seed, cori-
Mugwort  ander seeds, aniseed, paprika, garlic, onion) pepper, mango, leek,
mustard, broccoli, cabbage, cauliflower, chamomile, kiwi
Ragweed  Melon, Zucchini, Cucumber, Banana
Pellitory Pistachio, Swiss chard
Olive Pollen Peach, pear, melon, kiwi

birch pollen allergen, also highly
cross reactive with other pollen
and plant derived food allergens).

The prevalence and pattern of the
triggering food can vary widely
in relation to the specific region-
al pattern of sensitization. Oral
symptoms related to birch pol-
len are more prevalent in North-
ern and Central Europe, while in
Southern Europe grass pollen is
the usual trigger.

Diagnosis (Figure 2) relies on a
history of pruritus at the lip and
tongue, sometimes with oral and
facial angioedema and throat
tightness following the ingestion
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of fruit and vegetable. Skin prick
testing with the raw fruit and veg-
etable is more accountable than
using commercial extract, as the
allergens are usually labile and are
easily destroyed by cooking. The
use of component-resolved-di-
agnostics has recently allowed to
better profile the sensitizations of
these patients and to add some
probabilistic information on the
severity of the reactions. The only
treatment is avoidance of the
triggering food; the role of inhal-
ant allergen immunotherapy as
treatment of the clinical reactions
to related foods is still debated.

Prevention of PFS avoiding all the
possible cross-reactive foods in
pollen allergic patients has not be
shown to be effective.
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THE LINK BETWEEN THE
SKIN AND THE AIRWAYS

Clive E.H. Grattan

Norfolk & Norwich University Hospital

The cutaneous mast cell is con-
sidered to be the primary effector
cell in urticaria and histamine to
be the major mediator, although
there is clinical and histological
evidence that other inflammatory
events are important. Histamine
is also considered to be a key me-
diator of allergic rhinitis (AR). Un-
like chronic urticaria (CU), where
IgE-mediated allergy is rarely the
cause, a high proportion of AR pa-
tients are allergic to inhalant aller-
gens and will develop symptoms
on exposure.

It might be anticipated that CU
patients would have features of
generalized mast cell degranula-
tion if the autoimmune hypothesis
of causation is correct. Although
patients with severe urticaria may
complain of non-specific fatigue,
arthralgia and indigestion due to
mediator release into the circula-
tion, it is exceptional for patients
to experience respiratory or gas-
trointestinal symptoms during at-
tacks. A possible explanation for
this is the need for co-stimulation
of cutaneous mast cells by C5a at
the time of activation by function-
al autoantibodes against IgE or
its receptor. By contrast, resident
mast cells of the respiratory tract
do not express the C5a receptor

The link between the skin and the airways

Norwich, UK

KEY MESSAGES

e Non-specific mast cell mediator symptoms, including fatigue,
arthralgia and hyperacidity may be experienced by patients
with severe chronic urticaria, but symptoms in the respiratory
tract resulting from local mast cell degranulation are not usually

described

e By contrast, involvement of the respiratory tract in allergen-
induced anaphylaxis with urticarial rash is well known

e There is limited evidence for bronchial hyperreactivity and
subclinical asthma in patients with spontaneous and inducible
types of chronic urticaria. Studies are required to look for
evidence of subclinical rhinitis in severely affected chronic

urticaria patients

and therefore do not respond to
direct or indirect cross-linking of
the high affinity IgE receptor by
autoantibodies. This is in contrast
to acute urticaria, which may be
caused by immediate hypersensi-
tivity reactions to food or drug al-
lergens with a risk of progression
to anaphylaxis. Symptoms result
from generalized mast cell degran-
ulation, including local release of
histamine and other mediators
in the respiratory tract leading to
rhinitis and/or asthma.

There is some evidence for bron-
chial hyperreactivity in different
subtypes of CU although overt
asthma is rare. One study con-
cluded that bronchial hyperres-

ponsiveness is a common feature
in patients with active CU. Twenty
six adults with chronic spontane-
ous urticaria were assessed with
respiratory function tests and
methacholine provocation. Two
had asthma on baseline pulmo-
nary function tests and twenty
others (77%) showed bronchial
hyperresponsiveness on metha-
choline challenge. Bronchial hy-
perresponsiveness has also been
demonstrated in patients with
cholinergic urticaria and symp-
tomatic dermographism. A ret-
rospective questionnaire sent to
parents of children presenting to
a paediatric allergy centre identi-
fied respiratory symptoms during
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Gastrointestinal tract

Respiratory tract

Figure 1 Urticaria results from mast cell mediator release in the skin. Systemic features in severe chronic urticaria may
include hyperacidity in the gut and bronchial hyper-responsiveness of the airways. These may result from distant effects of
circulating mediators from cutaneous mast cell degranulation, including histamine, rather than local tissue degranulation in

attacks in 6/45 children (13%) al-
though the authors did not detail
whether they related to the upper
or lower respiratory tract. It seems
possible therefore that evidence
for subclinical upper respiratory
tract involvement in severe chron-
ic urticaria may be found with ap-
propriate studies.
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ALLERGIC RHINITIS
AND ANGIOEDEMA

Peter Schmid-Grendelmeier

Angioedema is often a severe and
potentially life- threatening con-
dition with substantial impact on
the patients’ quality of life. Se-
vere symptoms such as laryngeal
blockage but also disabling swell-
ings or strong abdominal pain due
to intestinal angioedema require
immediate, specific and fast act-
ing therapy. Thus every physician
caring for patients with diseases
in the oro-pharyngeal area should
be familiar with a basic knowledge
on the management of angioede-
ma. There are 2 different forms
of angioedema based on different
mediators and partly also clinical
features: Histamine- mediated
forms and non-histamine, brady-
kinin-mediated diseases (Figure 1).

HISTAMINE-AND OTHER MAST
CELL MEDIATOR MEDIATED
FORMS OF ANGIOEDEMA
Histamine-mediated forms are
mostly associated with urticar-
ial, itch and/or systemic allergic
symptoms such as asthma or an-
aphylactic shock; untreated they
lasts often mostly for a few hours
before spontaneously resolving.
Acute forms are often para-infec-
tious or due to immediate allergic
reactions to causes such as drugs
(aspirin, NSAIDS and others), hy-
menoptera venom (honey bees,

Allergic rhinitis and angioedema

University Hospital of Ziirich

Switzerland

KEY MESSAGES

e Angioedema is a severe and potentially life- threatening

condition

e Angioedema with urticaria is common, mostly histamine-
induced and responds to systemic antihistamines and steroids

e Bradykinin-mediated forms are rare and mosty induced by
hereditary or acquired deficiency in C1-Inhibitor (function) or
by drugs, namely ACE inhibitors. Treatment of acute attacks is
based on C-1 Inhibitors or bradykinin receptor antagonist

e Little is known about mutual between allergic rhinitis and
angioedema; worsening by cumulative effects may occur

wasps) or foods. Accordingly to
the severity treatment is based
on antihistamines (H1-blockers),
steroids and in severe cases in-
tramuscular adrenaline. Chron-
ic forms with a duration of more
than 6 weeks are often so-called
spontaneously with no definite
underlying cause. Treatment is
similar as in chronic spontaneous
urticaria involving updosing 2nd
or 3rd generation antihistamines
(H1- blockers) and in non-re-
sponding cases increasingly also
Omalizumab.

BRADYKININ-MEDIATED
FORMS OF ANGIOEDEMA
Bradykinin-mediated angioedema
are characterized by recurrent ep-
isodes of non-pruritic subcutane-

ous or submucosal edema with no
associated wheals and urticarial
and involving extremities, bowel
or facial-oropharyngeal-laryngeal
region. Hereditary angioedema
(HAE) due to C1 esterase inhibitor
(C1-INH) deficiency and HAE with
normal C1-INH and acquired C1-
INH deficiency are all rare but im-
portant diseases with significant
morbidity and also mortality. The
swelling is induced often by minor
trauma or stress and may wors-
en slowly but often last several
days. HAE has to be separated
from drug-induced angioedema:
frequently by Angiotensin-Con-
verting-Enzyme-Inhibitors (ACE—
Inhibitors), but also by some
glyptins, thrombolytic and immu-
nosuppressive agents ; drug-in-
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Background

Frequency

Skin symptoms

Common

Often with Urticaria/ hives

Itch Present

Duation of swelling

Laboratory

A few hours

As in urticaria limited

(Blood cell count, CRP, evtl Tryptase)

Further assays only based on associated
symptoms and geographic background

Treatment

Antihistamines (po/iv)

Systemic steroids (po/iv)

(Epinephrine im if assoc anaphylaxis)
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Angioedema: Forms and Management

Histamine-induced forms Bradykinin-induced forms

Hereditary forms (HAE Type I-11l)

Acquired forms (AAE)

Drug-induced (ACE-Inhibitors)

Rare

Mostly without skin symptoms

Rarely present, often painful

Often several days

C1-Inhibitor (incl Function)
Complement C4

(Genetic analyses)

C1-Inhibitor (iv)
Bradykinin recept. antagonist (sc)
Stop of potential culprit drug

Figure 1 Distinct forms of angioedema due to different pathophysiologic background. (Adapted from Maurer M, Magerl M,
Metz M, et al. Practical algorithm for diagnosing patients with recurrent wheals or angioedema. Allergy 2013;68:816-819.)

duced forms preferentially involve
the facial-oropharyngeal region.

Diagnosis is based on clinical his-
tory and complement analyses
(C1-INH value and function, Com-
plement C4, genetics). Treatment
of the acute attacks include plas-
ma-derived C1-INH concentrates,
recombinant human C1-INH and a
bradykinin receptor antagonist. All
are highly efficient and fast work-
ing. Typically systemic antihista-
mines and steroids do not work in
bradykinin-mediated angioedema.
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ALLERGIC RHINITIS AND
ANGIOEDEMA AS MUTUALLY
EXACERBATING FACTORS
Mainly acute histamine-mediated
forms of angioedema in patients
with allergic rhinitis e.g. with as-
sociated food allergy can lead to
severe comorbidity and cumula-
tive worsening of both diseases.
Little is known about allergies as
an exacerbating factor of brady-
kinin-mediated angioedema; how-
ever recently a certain exacerba-
tion of ACE-l induced angioedema
during pollen season has been
reported.
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Figure 2 Different manifestations of angioedema with facial involvement (A-C), hand (D) and genitalia (E) due to NSAID
hypersensitivity (A), ACE Inhibitor induced (B) and HAE with C1-Inh deficiency (C, D, E)
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Fulvio Braido
University of Genoa
Genoa, Italy

INTRODUCTION

Nasal obstruction results in patho-
logic changes in airflow velocity
and resistance and has been asso-
ciated with obstructive sleep ap-
nea syndrome (OSAS) as a poten-
tial etiologic factor by promoting
more negative intraluminal pres-
sure in the pharynx predisposing to
pharyngeal occlusion and thus ob-
structive apnea events. Although
clinical research examining the cor-
relation between nasal obstruction
and sleep-disordered breathing is
limited, studies evaluating patients
with either naturally occuring par-
tial nasal obstruction (e.g. allergic
rhinitis, septal deviation) or exper-
imentally induced nasal occlusion
show a clear relationship between
nasal obstruction and nocturnal
appearance of snoring, hypopneas,
and apneas. In a population-based
sample (n=4927), participants who
often or almost always experi-
enced nighttime symptoms of rhi-
nitis were significantly more likely
to report habitual snoring, chronic
excessive sleepiness, or nonrestor-
ative sleep than those who rarely
or never had symptoms.

NASAL RESISTANCE AND SLEEP
APNEA

Rhinitis is a risk factor for
sleep-disordered breathing on the
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ALLERGIC RHINITIS
AND SLEEP APNEA

Hans-Werner Duchna
Hochgebirgsklinik Davos

Davos, Switzerland

KEY MESSAGES

e Allergic rhinitis can contribute to worsening of obstructive
sleep apnea syndrome (OSAS) due to elevated inspiratory

breathing workload

e Nocturnal allergic rhinitis and asthma can mimic symptoms of

OSAS

e Patients with OSAS present with nocturnal snoring, choking,
and stops of breathing. In addition, they suffer from chronic
excessive sleepiness and nonrestorative sleep

e OSAS is diagnosed by polysomnography; a cardiorespiratory
polygraphy can render first information about nocturnal
breathing in patients suspected to suffer from OSAS

e Positive airway pressure therapy applied by a nasal mask is
standard-therapy in OSAS, thus nasal breathing needs to be

optimized

basis of the Bernoulli principle
(stating that the wider the begin-
ning of a duct is, the less the risk
of collapse is and viceversa) and
the Venturi effect (postulating
that air must pass through a small
tube faster than through a large
tube if the passing volume of air
and time remain constant). From
this perspective upper airways
behave like a Starling resistor: the
obstruction at the inlet induces
collapsing forces that manifest
downstream in the collapsible
segment, the pharynx.

SLEEP APNEA AS A
DIFFERENTIAL DIAGNOSIS

TO NOCTURNALALLERGIC
RHINITIS AND ASTHMA

Allergic rhinitis and allergic asth-
ma often show a worsening of
symptoms during sleep, especially
when a house dust mite sensitiza-
tion is present. This leads to a poor
sleep quality and daytime somno-
lence. In contrast to these symp-
toms, patients with OSAS present
with habitual snoring, choking and
stops of breathing (apneas) during
sleep. In addition, patients with

Allergic rhinitis and sleep apnea



GLOBAL ATLAS OF ALLERGIC RHINITIS AND CHRONIC RHINOSINUSITIS _

J Upper airway diIatoAr muscle activity

Splinting of upper airway

A\

f> | suction pressure _g\

AN

J» Hypoxemia

| Diaphragm efficiency

Nasa

| Excessive
J Upper airway daytime
collapse sleepness

| CPAP end é_;(piratory 1 Pharyngeléll Cross- J, snhoring
1 lung volume sectional area
\/

Splir¥ting of upper airway

| Upper airway nlw_'ucosal Edema

Figure 1 Potential physiological effect of nasal CPAP in patients with OSAS. (From Breathing Disorders in Sleep Mc Nicholas
WT and Philipson Saunders Elsevier Science Limited 2002 pag.118)

OSAS suffer from chronic exces-
sive sleepiness and nonrestora-
tive sleep. In most cases, talking
with the patient’s partner can
help differentiating the underlying
diseases. OSAS can effectively be
diagnosed by polysomnography
in a sleep lab. A non-laboratory
monitoring of sleep by cardiores-
piratory polygraphy can render
first information about nocturnal
breathing in patients suspected to
suffer from OSAS.

NASAL RESISTANCE AND CPAP
THERAPY

CPAP (Figure 1) is, the most ef-
fective treatment for OSAS. with
a compliance rate for CPAP of ap-
proximately 60%. Nasal conges-
tion, irritation or runny nose can

Allergic rhinitis and sleep apnea

be caused by the use of CPAP but,
when concomitant rhinitis is pres-

ent, its symptoms may intereferes 3.

with CPAP adherence. Symptoms
can be often alleviated by the use
of a humidifier but a proper treat-

ment of concomitant allergies, 4.

chronic sinus problems or a devi-
ated septum must be considered.
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Allergic rhinitis diagnostic work-up overview Diagnosis of allergic rhinitis - cellular tests
* Diagnosis of allergic rhinitis - rhinoscopy and endoscopy New diagnostic and research techniques in allergic
* Non-invasive evaluation of nasal inflammation (NO, nasal rhinitis and chronic rhinosinusitis
cytology and mediators) Measuring allergen exposure
* Skin testing in the diagnostic workup of rhinitis Diagnosis of allergic rhinitis-measuring health-related
* Provocation tests quality of life
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ALLERGIC RHINITIS

SECTION D - Allergic rhinitis - diagnosis

DIAGNOSTIC WORK-UP

OVERVIEW

Mark S. Dykewicz

Saint Louis University School of Medicine

To correctly diagnose allergic and
non-allergic rhinitis, rhinosinusitis
and other conditions that may af-
fect the nose and sinuses, history,
physical exam and when appropri-
ate, testing should be performed.

Some symptoms of allergic rhinitis
(nasal drainage, nasal congestion,
sneezing, and nasal itching) over-
lap with some symptoms associ-
ated with non-allergic rhinitis, rhi-
nosinusitis, (Table 1) or with other
disorders that may involve the
nose and sinuses. (Table 2).

By history, allergic rhinitis (AR)
is more likely than non-allergic
rhinitis if there are nasal itch-
ing and sneezing, associated eye
symptoms (itchy, watery eyes),
and nasal symptoms that devel-
op or worsen with exposure to
furry pets or seasonally in asso-
ciation with regional allergy pol-
len seasons (Table 1). Year round
symptoms make it more difficult
to distinguish AR from non-AR,
or even chronic rhinosinusitis,
on the basis of history alone. Al-
lergy testing then is needed for a
correct diagnosis. However, the
mere presence of sensitisation as
identified by skin testing or blood
testing is not sufficient and must
be correlated with the clinical his-
tory. Unilateral nasal symptoms
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Saint Louis, Missouri, USA

KEY MESSAGES

e A detailed history is useful in helping distinguish between
allergic rhinitis from different types of non-allergic rhinitis,
but allergy testing is needed to make a reliable diagnosis,
particularly when year round nasal symptoms are present

e Demonstration of sensitisation by testing is not sufficient alone
to make the diagnosis of allergic rhinitis and must be correlated

with clinical history

e Differential considerations for allergic rhinitis include various
types of non-allergic rhinitis, rhinosinusitis and anatomic

problems

suggest that an anatomic issue is
present (Table 2).

Physical examination of the nose
should be performed, in part to
identify complicating or alternative
nasal conditions (e.g, nasal polyps,
septal deviation). In AR, inflamed
mucosa classically has a bluish/
pale hue, but appearance may vary
and may not reliably differentiate
between AR and non-AR.

Rhinosinusitis  (including nasal
polyps) is characterized by two
or more symptoms, one of which
should be either a) nasal block-
age/ obstruction/congestion or b)
nasal discharge (anterior/posterior
nasal drip). Other symptoms may
be c) facial pain/pressure, and/or
d) reduction or loss of smell. Dis-

colored nasal drainage may occur
in AR and some types of non-AR,
so its presence does not necessar-
ily indicate bacterial rhinosinusitis.
The common cold from respirato-
ry viruses has an acute onset of
rhinosinusitis symptoms typically
lasting for less than 10 days or
getting better after 5 days. The
common cold and rhinosinusitis
are not typically associated with
nasal itching or ocular symptoms
that may be seen in AR.

KEY REFERENCES
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Medical History

Physical examination

In vitro - in vivo tests

Allergic
rhinitis

Symptoms:  obstruction/conges-
tion, nasal drainage, sneezing, itch-
ing

Seasonal symptoms may be pres-
ent with prominent nasal itching
and sneezing

Concurrent allergic conjunctivitis
(itchy, watery eyes) common

Early onset (age <20 years) com-
mon

May be associated with atopic der-
matitis, asthma, food allergy, ob-
structive sleep apnea syndrome

Variable appearance
of mucosa: mucosal
pallor, edema, hyper-
emia

Allergic shiners: dark
discolorations of the
periorbital skin
Dennie-Morgan lines:
folds of the low--er
eyelid in children
Allergic crease: hori-
zontal wrinkle near the
tip of the nose

e Skin-prick tests (SPTs)

with allergen

Serum allergen-specific
IgE tests

Nasal smears for eosino-
phils (>10%) (not routine-
ly employed clinically)

Nonallergic
rhinitis &
infectious
rhinosinusitis

Idiopathic rhinitis (IR: sneezing,
pruritus and ocular involvement
uncommon

NARES,C RSWNP, and atrophic rhi-
nitis: Hyposmia/anosmia common
Rhinosinusitis: headache and facial
pain common

NARES, CRSWNP, and IR: usually
adult onset

Gustatory rhinitis: food related
symptoms at any age, but more
likely with increasing age. Sneez-
ing, pruritus, ocular involvement
uncommon.

Rhinitis of pregnancy: mainly con-
gestion during the last 6 weeks
of pregnancy and up to 2 weeks
post-partum

Atrophic rhinitis: mu-
cosal atrophy, foetor,
crusts and perceived
congestion inconsist-
ent with observed na-
sal patency
Rhinosinusitis: Endo-
scopic findings of pol-
yps and/or mucopuru-
lent discharge, edema,
mucosal obstruction
primarily in middle
meatus, are prerequi-
site for diagnosis

CRS: CT findings are a
prerequisite for the diag-
nosis if endoscopic find-
ings inconclusive
NARES: Nasal smears for
eosinophils (any amount
from >5% to >20%) (not
routinely employed)
NARES, atrophic rhini-
tis and rhinoshinusitis:
Objective and subjective
olfactory evaluation to
demonstrate hypoosmia/
anosmia.

AERD: Oral aspirin chal-
lenges to demonstrate
sensitivity

AERD (aspirin exacerbated respiratory disease); CRSWNP (chronic rhinosinusitis with nasal polyps); IR (idiopathic rhinitis), NAR-
ES (nonallergic rhinitis and eosinophilia syndrome)

Modified from Papadopoulos NG, Bernstein JA, Demoly P, Dykewicz M, Fokkens W, Hellings PW, et al. Phenotypes and Endo-
types of Rhinitis and Their Impact on Management: A PRACTALL Report. Allergy 2015;70:474-494.
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Clin Immunol 2010;126:466-476.
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Allergic rhinitis diagnostic work-up overview
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Structural/Mechanical abnormalities
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Systemic disease

e Septal deviation

Unilateral obstruction, sleep apnea, epistaxis

Turbinate hypertrophy
Often contralateral to septal deviation

e Primary ciliary dyskinesia (PCD)
Recurrent respiratory infections; Kartageners syndrome (si-
tus inversus, chronic rhinosinusitis and bronchiectasis), low
nasal and tidally exhaled NO, diagnosis through biopsy and
electron microscopy examination of cilia

Nasal tumors

Epistaxis, hypoosmia/anosmia, facial pain,
otalgia, recurrent ear infections, unilateral ob-
struction

Adenoidal hypertrophy
congestion, mouth breathing, nasal speech and
sleep apneic episodes/snoring

e Cystic fibrosis
Thick, viscous secretions, recurrent infection, often radio-
logic evidence of sinus disease and concurrent nasal polyps.
Diagnosis through genetic and sweat testing

Pharyngonasal reflux

apneic spells, secondary rhinitis (caused by re-
turn of ingested liquids) and recurrent pneumo-
nia due to aspiration

e Churg-Strauss syndrome
Asthma, blood eosinophilia, mononeuropathy/polyneuropa-
thy, migratory pulmonary infiltrates, paranasal sinus disease,
tissue eosinophilia

Choanal atresia
Mild symptoms if unilateral, severe symptoms
if bilateral (often involving generalized cyanosis

e Granulomatosis with polyangiitis
Obstruction, rhinorrhea, crusting, ulcerations and epistaxis,
often secondary bacterial sinusitis

Nasal trauma/foreign object
May present with unilateral obstruction,
epistaxis, olfactory impairment

e Sarcoidosis
Obstruction, nasal crusting, anosmia, epistaxis, lymphade-
nopathy, malaise

Cerebrospinal fluid rhinorhea

Clear watery secretion - often unilateral, head-
aches and olfactory impairment, B-2 transfer-
rin protein elevated in nasal discharge

o Amyloidosis
Obstruction, nasal discharge, epistaxis and post nasal drip

o Relapsing polychondritis
Chondritis (auricular, nasal, and laryngotracheal, including
ocular inflammation, audio vestibular damage, or seronega-
tive inflammatory arthritis.

Modified from Papadopoulos NG, Bernstein JA, Demoly P, Dykewicz M, Fokkens W, Hellings PW, et al. Phenotypes and Endo-
types of Rhinitis and Their Impact on Management: A PRACTALL Report. Allergy 2015;70:474-494.
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DIAGNOSIS OF ALLERGIC
RHINITIS - RHINOSCOPY

Robert Naclerio

One of the great advances in di-
agnosing and understanding nasal
and sinus diseases has been the
ability to visualize the entire na-
sal cavity. The advances primarily
relate to the development of ritig
and flexible endoscopes.

Traditional approaches of using a
nasal speculum and a light source
or an otoscope, referred to as rhi-
noscopy, investigate the anterior
part of the nose prior to the level
of the middle turbinates. Although
the experienced examiner might be
able to visualize the middle turbi-
nate with this technique, the view
is limited. The anterior part of the
nose contains the nasal vestibule,
where the epithelium transitions
from squamous to pseudostrati-
fied columnar ciliated. One can also
easily visualize the anterior septum,
inferior turbinates, and nasal valve.
The nasal valve is formed by the
junction between the anterior na-
sal septum medially and the most
caudal margin of the upper lateral
cartilage of the nose superiorly and
laterally. This valve is the narrow-
est portion of the airway between
the external environment and the
alveoli. Deflections of the anterior
septum have a marked impact on
airflow and can be diagnosed by
anterior rhinoscopy.

AND ENDOSCOPY

University of Chicago
Chicago, USA

KEY MESSAGES

Fuad Baroody

e Visualizing the nasal cavity is an important evaluation in
patients with nasal symptoms

e There are no definitive signs of allergic rhinitis

e Rhinoscopy visualizes the anterior third of the nasal cavity

e Nasal endoscopy visualizes the entire nasal cavity, and allows
the differential diagnosis of mucosal vs structural endonasal
pathology

Other salient findings that can be
visualized by rhinoscopy are hyper-
trophia (Figure 1) or congestion of
the inferior turbinates. Most sep-
tal perforations involve this area.
Large nasal polyps (NP) can also
be seen, but novice clinicians of-
ten mistake the anterior tip of the
middle turbinate or a large inferior
turbinate for a polyp. Eighty-five
percent of nose bleeds occur in the
anterior septum in the area that
is the confluence of the anterior
ethmoid artery, the facial artery,
and the septal artery, which form
a rich plexus of vessels, called the
Keisselbach’s plexus.

There are no definitive signs of al-
lergic rhinitis (AR) on anterior rhi-
noscopy; however, visualization
by rhinoscopy helps to rule out
other causes of similar symptoms
such as nasal congestion due to
anatomic causes.

Diagnosis of allergic rhinitis - rhinoscopy and endoscopy

Although anterior rhinoscopy is
helpful, it does not provide visu-
alization of the entire nasal cavity.
Specifically it does not provide a
good view of the middle meatus,
where the sinuses (which are com-
monly involved in patients with
AR) drain. Adenoid hypertrophy,
NP, tumors, posterior epistaxis,
septal deviations obstructing the
sinus ostia, and sinus infections
are common and form part of the
differential diagnosis of rhinop-
athy. Nasal endoscopy provides
not only visualization to enhance
diagnostic abilities (Figures 2, 3
and 4), but also the opportunity to
work inside the nose under direct
visualization.

Nasal endoscopy can be per-
formed with a rigid or a flexible
endoscope. Both can be attached
to cameras for educating observ-
ers and patients and documenting
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Figure 1 Left panel: Endoscopic view of an antrochoanal polyp (originating from the maxillary sinus and protruding into
the nasal cavity) of the right nostril in a teenage male who presented with a unilateral nasal obstruction. Right panel:
closeup view. One can see the nasal septum (*), the middle turbinate (#), and the polyp (arrowhead).

Figure 2 Anterior rhinoscopy with use of a nasal
speculum and headlight showing a hypertrophied right

inferior turbinate.

the examination. Both examina-
tions are usually performed after
the administration of a topical
decongestant and anesthetic. The
response to the nasal decongest-
ant sometimes provides clues to
the underlying problem. Patients
with AR often decongest well with
oxymetazoline because the con-
gestion of the inferior turbinates
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is caused by inflammatory medi-
ators released during an allergic
reaction that subsequently dilate
the cavernous veins in the inferior
turbinates.

Flexible endoscopy is easier to
perform and can also be used for
visualizing the nasopharynx and
larynx. Rigid endoscopy provides

Figure 3 Endoscopic view showing a small polyp (*)
in the osteomeatal unit.

better image definition, and the
endoscope can be held with one
hand, freeing the other hand to
intervene in the nasal cavity. Such
interventions include lysis of ad-
hesions, obtaining guided cultures
(Figure 5), performing biopsies,
and cauterizing nosebleeds. Di-
rected middle meatal cultures cor-
relate highly with maxillary sinus

Diagnosis of allergic rhinitis - rhinoscopy and endoscopy
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Figure 4 Left panel shows an endoscopic view of a posterior septal deviation impacting the inferior turbinate and heading
to the osteomeatal unit. Right panel is an intraoperative photo following removal of the septal deviation showing multiple
accessory ostia believed to be secondary to prior acute infections.

Figure 5 View of the right middle turbinate (#) and the right
osteomeatal unit (arrowhead) with some purulent drainage. This
view was obtained with the use of a rigid scope, allowing the
introduction of a Calgae swab (*) to obtain a culture.

puncture cultures in patients with
acute bacterial rhinosinusitis.

When should nasal endoscopy be
performed in a patient who has a
nasal complaint? One could argue
that it should be done in every-

one, but that would be too cost-
ly. A more reasonable approach is
to perform endoscopy in subjects
who have symptoms that are not
explained by rhinoscopy and who
did not respond to initial treat-
ment.

Diagnosis of allergic rhinitis - rhinoscopy and endoscopy
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SECTION D - Allergic r

Stephanie Kubala

NON-INVASIVE EVALUATION OF
NASAL INFLAMMATION (NO, NASAL
CYTOLOGY AND MEDIATORS)

Elina Toskala

Temple University School of Medicine

In allergic rhinitis (AR), the ear-
ly-phase reaction due to IgE-me-
diated mast cell degranulation
and mediator release is rapid and
leads to sneezing and rhinorrhea.
The late-phase reaction involves
an eosinophilic infiltrate, leading
to nasal inflammation.

Nasal nitric oxide (nNO) is pro-
duced continuously in the parana-
sal sinuses without inflammatory
stimuli and plays a role in airway
homeostasis. AR may be associ-
ated with elevated nNO levels, by
the increase in inducible nitric ox-
ide synthase (iNOS) expression in
respiratory epithelial cells. While
the level of NNO may be increased
by nasal inflammation, nasal swell-
ing and secretions may occlude
the ostia of the paranasal sinuses
thereby lowering nNO levels. A
high nNO may be a useful mark-
er of eosinophilic inflammation of
the nasal cavity and indicate open
sinus ostia. nNO measurements
may be an alternative to diagnose
AR in patients who are not able to
undergo allergic tests or invasive
procedures.

Infiltrating eosinophils are the
hallmark of nasal inflammation in
AR. Nasal smears for eosinophils
are not recommended for rou-
tine use in diagnosing AR when
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Philadelphia, USA

KEY MESSAGES

Allergic rhinitis (AR) is a complex allergen-driven mucosal
inflammation caused by the interplay between local and
infiltrating inflammatory cells and many vasoactive and
inflammatory mediators

Increased Nasal Nitric Oxide (nNO) levels are associated with
nasal inflammation; however, results should be interpreted
with caution in patients with severe or persistent AR, which
may reduce nNO levels

Nasal cytology is performed to help differentiate AR (predom-
inantly) from infectious rhinitis (predominantly neutrophils), al-
though it is relatively nonspecific and insensitive

Non-invasive sampling of mediators by nasal lavage is an
emerging method to monitor AR

the diagnosis is clearly supported,
but may be a useful adjunct when
there remains a high clinical sus-
picion of allergy in a history-pos-
itive, skin test-negative patient.
Nasal cytology can not only be
utilized to establish the diagno-
sis of AR, but is also useful in the
follow-up of treated patients with
this condition. The technique al-
lows clinicians to detect the cel-
lular modifications of the nasal
epithelium during allergen expo-
sure (Figure 1) and by subsequent
treatment with corticosteroids.

Many different mediators, cy-
tokines, and chemokines have
been measured in nasal lavage (NL)

studies (Figure 2). Certain proin-
flammatory mediators including
eosinophilic major basic protein
and neutrophil elastase have been
identified in allergic mucin. Eosin-
ophil cationic protein (ECP) is one
of the most studied inflammatory
markers and is considered a gen-
eral marker of mucosal inflamma-
tion, both in processes of eosin-
ophil and neutrophil activation.
Another key feature of mucosal
inflammation is the exudation of
plasma proteins such as albumin,
a2-macroglobulin, and others,
which can be monitored by analy-
sis of plasma proteins in NL. While
histamine is rapidly degraded by

Non-invasive evaluation of nasal inflammation (NO, nasal cytology and mediators)



GLOBAL ATLAS OF ALLERGIC RHINITIS AND CHRONIC RHINOSINUSITIS _

lumen X

Early Allergic Response

dendritic
cell
Thi-cell

IL-12
— @

[ g,

Th2-cell 01/6.-10

IL-4, IL-13

B-cell

Key mediators Effect in upper ainway

« histamine » congestion

* proteases = rhinorrhea

o leukotrienes - itching

« TSLP Effect in lower ainway

 bradykinin = acute broncho- ILS

* PAF constriction

EAR

Late Allergic Response
Key mediators Effect in upper airway
L4, IL-5, IL-13 » congestion | release of
‘= eotaxin = nasal hyperreactivity inflammatory
 RANTES Effect in lower ainway Ut
# leukotrienes = prolonged LAR
« TNFa L constriction
- = increased airway y s I
ot sy (i oo
o neuropeptides = airway remodeling . -
- m MB release of inﬂammatory
«TGFa and toxic mediators

Figure 2 Biomarkers of allergic rhinitis. (Reprinted from Pulm Pharmacol Ther,
23/6, Diamant Z, Boot JD, Mantzouranis E, Flohr R, Sterk PJ, Gerth van Wijk
R. Biomarkers in asthma and allergic rhinitis, 468-481, Copyright 2010, with

permission from Elsevier.)

Non-invasive evaluation of nasal inflammation (NO, nasal cytology and mediators)

Figure 1 Nasal inflammation
occurring in seasonal allergic rhinitis.
(From Gelardi M, Luigi Marseglia
G, Licari A, Landi M, Dell'Albani |,
Incorvaia C, et al. Nasal cytology
in children: recent advances. Ital J
Pediatr 2012;25;38:51.)

histaminases and N-methyl trans-
ferase, the more stable mast cell
degranulation products, tryptase
and prostaglandin PGD2 are rec-
ommended as markers of mast cell
activation. The choice of which
inflammatory marker to probe in
AR depends on the purpose of the
investigation and the manner of
monitoring therapy.
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SKIN TESTING IN THE
DIAGNOSTIC WORKUP OF
RHINITIS

Thomas Werfel

Hannover Medical School
Hannover, Germany

Skin testing is well established in
the diagnostic work-up of aller-
gic rhinitis (AR) to demonstrate
IgE mediated sensitizations. It is
mainly performed with protein al-
lergens and only rarely with small
molecules. A positive skin test
usually indicates sensitization but
not necessarily clinically relevant
allergy. The latter has to be proven
either by a very convincing history
or with further steps in the algo-
rithm of in vivo diagnosis (i.e. nasal

KEY MESSAGES

e Skin testing with allergen extracts or small molecules is well
established in the diagnostic work-up of allergic rhinitis (AR) to
demonstrate IgE mediated sensitizations

e The quality of allergen extracts is critical. False negative results
can occur if minor allergens or instable allergenic proteins are
underrepresented in an extract

e Well-standardized allergen extracts are available for many
inhalant allergens

e The best established skin test is the skin prick test (SPT).
The more sensitive intradermal tests are recommended after
negative SPT in some situations, but can lead to false positive

SECTION D - Allergic r

challenge tests).

SKIN PRICK TEST

The skin prick test (SPT) is the
best established skin test and rec-
ommended as first diagnostic test
in patients with AR. SPT can be
performed in patients of any age
although the reactivity may pos-
sibly be lower in the elderly. The
quality of allergen extracts used
for SPT is critical. False negative
results can occur if minor allergens
or instable allergenic proteins are
underrepresented in an extract.
However, well-standardized al-
lergen extracts are available for
many inhalant allergens. EU leg-
islation makes it currently difficult
to have new and optimized diag-
nostic products approved due to
very high standard requirements.
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reactions and are associated with a higher risk of systemic side

effects

The major advantage of SPT as
compared to an in vitro measure-
ment of specific IgE antibodies is
the fact that the test can be inter-
preted within 15 to 20 minutes
(Figure 1). A further advantage
is that the test gives a visual in-
dication of the sensitivity to the
patient which may have impact
on the patient’s behavior. Usual-
ly prick tests are performed with
panels of allergens of interest; a
standard set is proposed for inhal-
ant allergens (Table 1).

Some studies show discordances
between serum-specific IgE and
SPT results. In a recent meta-anal-
ysis on studies with SPT with in-

halant allergens, every fourth sen-
sitized patient would have been
misdiagnosed as non-sensitized
for a particular allergen if only
serum specific IgE testing had
been done. This has leads to the
suggestion that the two methods
complement each other and can-
not be used interchangeably.

OTHER SKIN TESTS

Intradermal tests are recom-
mended after negative SPT in
some clinical situations. They are
considered to be more sensitive
than the SPT but can lead to false
positive reactions and they are as-
sociated with a higher risk of sys-

Skin testing in the diagnostic workup of rhinitis
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NaCl 0,97

Roggen

Figure 1 SPTis usually performed on the forearm
with a negative (saline 0.9%) and positive (histamine
10mg/ml) control. A reaction is considered to be

positive with a wheal diameter = 3mm after 15

minutes.

temic side effects. Therefore ex-
tracts utilized for intradermal skin
testing are less concentrated than
those utilized for SPT.

Patch testing is the mainstay in
the diagnosis of allergic contact
dermatitis - it is not recommend-
ed for the diagnosis of AR.
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Hazel Corylus avellana
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Parietaria
Cat
Dog
Dermatophagoides pteronyssinus,
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Cockroach Blatella germanica
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SECTION D - Allergic rhinitis - diagnosis

Guy Scadding

Imperial College

London, UK

Nasal provocation testing is the
use of various stimuli - typical-
ly specific allergen(s), but also
non-specific triggers including
irritants, chemicals and physical
stressors - to elicit a measurable
response from the nose. Out-
comes include symptom scores,
measures of nasal airway patency,
cellular influx and inflammatory
mediators in nasal fluid.

Applications of provocation tests
are outlined in Table 1. In clinical
practice, provocations may help
differentiate between sensitisa-
tion and allergy, and identify indi-
viduals with local allergic rhinitis
(AR). In research settings, prov-
ocations have demonstrated the
efficacy of pharmacotherapies
including anti-histamines and in-
tranasal corticosteroids, and iden-
tified basic immunological and
neural mechanisms.

A reliable, reproducible means of
delivering allergen to the nasal
mucosa is required. Various deliv-
ery systems used are outlined in
Table 2, alongside different provo-
cation protocols. The latter include
up-dosing/titration provocations,
providing dose-response profiles
and allowing tailoring of future
doses to each individual. Repeat
challenges, usually every 24 hours
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PROVOCATION TESTS

Glenis Scadding
Royal National TNE Hospital

London, UK

e Nasal provocation involves a controlled exposure of the nasal
mucosa to allergen(s) or non-specific triggers in order to elicit a

measurable response

e Provocations have been essential

in delineating patho-

mechanisms of (allergic) rhinitis

e Applications in clinical

practice include identification of

predominant allergens in polysensitised patients, proof of
causation of symptoms for novel or occupational allergens, and
investigation of local allergic rhinitis

e Several different approaches to provocation exist, universal
consensus on optimal methods is lacking

for several days, may provide an
approximation to real-life allergen
exposures and allow investigation
of ‘priming’ of the mucosa.

For research, participants are se-
lected on the basis of typical al-
lergic symptoms and evidence of
systemic sensitisation to the aller-
gen in question. Allergen provoca-
tions are usually performed out-
side of usual seasonal exposure
and in the absence of symptoms
induced by alternative/perennial
allergens, infection, nasal polyps
or structural pathologies. Whilst
provocations are extremely safe,
individuals with poorly controlled
asthma or FEV1 <70% predicted
should be excluded; other con-
traindications include pregnancy

or a history of anaphylaxis to the
allergen in question. Anti-allergic
medications need to be stopped
for a sufficient wash-out period
prior to provocations.

Clinical and laboratory outcomes
of nasal provocations are given in
Table 3. Typically, provocation is
preceded by nasal lavage to pro-
vide a clean baseline. An example
of the time-course of symptom
and peak nasal inspiratory flow re-
sponses to a single dose nasal al-
lergen challenge is given in Figure
1. In contrast to bronchial allergen
provocation, a distinct late phase
response is seldom seen, although
nasal obstruction typically persists
for some hours after provocation.
Conversely, clear immunological

Provocation tests
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TABLE 1

Clinical and research uses of nasal provocations

Clinical Practice

Research

polysensitisation to aeroallergens

Confirmation of clinical relevance in cases of

Assessment of mechanisms of (allergic)
rhinitis:

(e.g. for house dust mite)

Selection of patients for allergen immunotherapy e Cellular influx

Early and late phase mediators

allergic rhinitis)

Investigation of symptoms in the absence of
evidence of systemic allergen sensitisation (local

Neural pathways
Gene expression
Naso-ocular, naso-bronchial interaction

occupational allergens

Proof of symptom causation for novel and

Assessment of therapeutic interventions:
e Efficacy

Investigation of aspirin hypersensitivity

e Onset

Assessment of non-specific nasal hyperreactivity

e Duration

TABLE 2

Methods of nasal allergen provocation

Delivery System

Challenge Protocol

Allergen in aqueous solution, administered by
nasal spray, drops, pipette

Filter discs with adsorbed allergen, placed
directly onto nasal mucosa

Up-dosing/titration  protocol - half-log
increments, every 10 minutes, ending at
maximum dose or threshold response

Allergen as dry powderinsufflated or nebulised

Single fixed dose challenge (standard or
determined by titration challenge)

Allergen administered in high volume nasal
lavage

Repeat dosing, usually daily, to mimic seasonal
priming effect

TABLE 3

Clinical and laboratory outcome measures of nasal provocation.

Clinical Outcomes

Laboratory Outcomes

Total nasal symptom score: 0-3 for each of
sneezing, rhinorrhoea, itching, blocking/
congestion; maximum score 12.

Visual analogue scale (0-100mm; none -
maximal symptoms)

Collected secretion weight

Nasal airflow/patency:
e Peak inspiratory flow
e rhinomanometry

Nasal mucosal fluid, collected by lavage
or direct absorption (synthetic filters,
polyurethane sponges), immunoassay for:

e Early phase mediators, e.g. tryptase,
histamine, leukotrienes

Cytokines and chemokines
Allergen-specific antibodies

Eosinophil products, e.g. ECP
Neuropeptides

Vascular, glandular proteins

Nasal cross-sectional area:
e acoustic rhinometry

Nasal brushings for cytology, mRNA

Eosinophilic inflammation:
e nasal FeNO

Nasal (turbinate) biopsy for
immunohistochemistry, in situ hybridisation

Nasal lavage for cytology

Provocation tests
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Total nasal symptom score : time course
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Apeak nasal inspiratory flow: time-course

Figure 1 Time course of total nasal symptom score (0-12) and change from baseline peak nasal inspiratory flow (L/min) in
19 cat-allergic individuals after single dose cat allergen challenge and diluent-only challenge. (Adapted from Scadding GW,
Eifan A, Penagos M, et al. Local and systemic effects of cat allergen nasal provocation. Clin Exp Allergy 2015;45:613-623.)
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SPECIFIC Ige AND DIAGNOSIS
OF ALLERGIC RHINITIS

Reto Crameri

Swiss Institute of Allergy and Asthma Research
Davos, Switzerland

Allergic rhinitis (AR) is a very com-
mon inflammatory chronic condi-
tion affecting the upper airways. It
occurs in predisposed individuals
when allergens such as pollens,
dust, or animal dander are inhaled.
Its incidence is rising in parallel
with other IgE-mediated diseas-
es, affecting 10 to 30% of adults
and up to 40% of children in in-
dustrialised countries. Seasonal
AR is mainly elicited by exposure
to pollens during the pollination
period, while perennial AR is elic-
ited by allergens present in the
environment throughout the year
like those from house dust mite
allergens or fungal spores. The
disease is often associated with
other IgE-mediated diseases like
allergic asthma, or atopic derma-
titis. The characteristic symptoms
of AR are excess nasal secretion,
itching, sneezing, nasal conges-
tion and obstruction associated
with eosinophilic inflammation of
the mucosa. To confirm the diag-
nosis of AR, sensitisation (specific
IgE reactivity) needs to be record-
ed and should be concordant with
the clinical history.

The prototype for the in vitro
detection of serum IgE (the radi-
oallergosorbent test, RAST) first
described in 1967 used a paper

Specific IgE and diagnosis of allergic rhinitis

KEY MESSAGES

Elevated allergen-specific IgE serum levels are indicative for an
allergy

Determination of allergen-specific IgE in serum allows rapid
screening of the sensitization spectrum of a patient

Screening panels of allergen-specific IgE without previous
consideration of the history of the patient is not recommended
A negative skin prick or serum IgE test does not entirely
exclude a diagnosis of AR especially if they are in contrast with
a convincing clinical history

The diagnosis of AR with discordant clinical history and elevated
allergen-specific serum IgE levels needs to be confirmed by

provocation tests

disc as a solid phase to covalently
immobilize the allergen followed
by the addition of patient’s serum.
After different washing proce-
dures to remove unbound serum
proteins and antibodies, bounded
IgE was detected with 125I-la-
belled polyclonal anti-human IgE
(Figure 1). Modern assays for the
detection of allergen-specific IgE
have undergone impressive im-
provements including the calibra-
tion against the WHO Standard
72/502, allowing quantitative de-
terminations, and the implemen-
tation of fully automated devices
(Figure 2). To date the most com-
monly used system to determine
allergen-specific IgE is the Immu-

noCAP system (Thermo Fisher
Scientific, Uppsala) considered as
the “gold standard” for the in vit-
ro diagnosis of allergic conditions.
More recently, novel diagnostic
tests based on allergen microar-
rays have been introduced both
in research and clinical practice.
Multiplex-based in vitro tools for
allergy diagnosis allow a compo-
nent resolved diagnostics of the
atopy status of a patient in a cost
effective way.

In vitro tests for allergen-specific
serum IgE are excellent for iden-
tifying a sensitization state of a
patient and can be recommended
at any age and without wash-out
for antiallergic medication. How-
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SECTION D - Allergic rhinitis - diagnosis

Allergen-non-specific
IgE washed away
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Excess anti-lgE-tracer
washed away

F/N MODIFIED RAST
SCORING SYSTEM

CLASS COUNTS

0 Less than 500

on 500-749

Gamma I 750-1600
sl I 1601-3600
11} 3601-8000

v 8001-18000

v 18001—40000

Vi 40001+

Figure 1 Mechanism of the first radioallergosorbent assay (RAST).
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Figure 2 Example of a fully automated device
for the dete