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Section | pg. 113 Infroduction

» There is a wide variety in the type and quality of the growing literature on
allergic rhinitis (AR)

» The International Consensus Statement on Allergy and Rhinology: Allergic

Rhinitis (ICAR:AR) was developed to summarize the best evidence relating
to AR.

» More than 100 international authors evaluated the evidence using a
stfructured review process.
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Intfroduction

» This document summarizes findings of meta-analyses and other

systematic reviews to provide recommendations based on the best AR
evidence

High value placed on strength of evidence

» Similar to the 2016 International Consensus Statement on Allergy and

Rhinology: Rhinosinusitis (ICAR:RS), this is not a clinical practice guideline
or meta-analysis

» Practitioners are able to use this evidence-based knowledge to provide
support for treatment
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Section Il Methods

ILA. pg. 114 Topic development

» The 2011 Rudmik and Smith evidence-based review with
recommendations (EBRR) method was utilized as the foundation
for ICAR:AR

» AR was divided into 103 topics/content areas

» Section topics were assigned to senior authors who reviewed the
literature using the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) standardized guidelines
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Topic development

» An aggregate level of evidence was produced for each topic
guidelines from the American Academy of Pediatrics Steering

Committee on Quality Improvement and Management (AAP
SCQIM)

» Arecommendation using the AAP SCQIM guidelines was then
produced
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Topic development

Section assigned to
1° Section author

Step 1 = PE assigns section topic to 1°
Section author +/- co-author

|

Recommendation
Development

|

Finalize First
Draft

Step 2 = Systematic Review using PRISMA
Guidelines

Step 3 = Evidence-based recommendations
developed using the AAP guidelines

~~~~~~~~ * Proceed to Iterative Review Process
(Stage 2)
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Section |l Methods
II.B. pg. 115 Iterative review

» Each section underwent a two-stage online iterative review
process using two independent reviewers

» The purpose was to evaluate the completeness of the identified
iterature and ensure any EBRR recommendations were
appropriate

» The first draft was reviewed by a first reviewer and changes were
agreed upon by the author and first reviewer

» The same process was employed with the revised section and a
second reviewer

» All changes were then agreed upon by the initial authors and
both assigned reviewers
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ITerative review

» | 1° Section author(s)

Step 1 = Section manuscript developed
(Outlined in Stage 1)

Send to PE

Step 2 = First Draft reviewed by
2° Author

2° Author
(Reviewer)

Step 3 = Comments / Edits from 2° Author
sent back to 1° Section author(s) for

Step 4 = 1° author(s) develop the
revised manuscript

Step 5 = Revised manuscript sent
back to 2° Author for approval

Step 6 = Revised ‘section’ manuscript
sent to 3° Author for final review

3° Author

revisions /\
W

(Reviewer)
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Section Il Methods

II.C. pg. 115 ICAR statement development

» After each topic’s content was reviewed and consensus was
reached amongst the author and two iterative reviewers, the
principal editor compiled all topics into one ICAR:AR statement

» The first draft underwent additional reviews by 6-8 authors
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ICAR statement development

First Draft ICAR:AR
Manuscript Compiled

|

/ ICAR:AR Draft #1 Review \

|

L ICAR:AR Draft #2 Review \I

!

FINAL ICAR:AR Manuscript

Step 1 = PE compiles ALL ‘sections’ into one
single ICAR:AR draft #1

Step 2 = ICAR:AR draft #1 reviewed by the first
group of 6 - 8 authors

Step 3 = PE develops ICAR:AR draft #2 using
comments / edits from step 2

Step 4 = ICAR:AR Draft #2 Iterative Review

(All authors review ICAR:AR draft #2 to provide final

revisions)
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Section Il Methods

I.D. pg. 116 Limitations of methods and data
presentation

» Search results by each individual author may
demonstrate some variability despite specific and
detailed search instructions

» This document may not present every study published
on every topic

» Only high quality studies or systematic reviews are listed,
especially for topics with extensive literature
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Section lll Definition and differential diagnosis:

LA, pg. 117 Allergic rhinitis definition

» AR is an immunoglobulin E (IgE)-mediated inflammatory nasal

condition resulting from allergen introduction in sensitized
individuals

» AR includes the following 3 cardinal symptoms defined in 1929
sneezing, nasal obstruction, and mucus drainage

» AR results from an overactive response of T helper (Th) 2
lymphocytes which may initiate a systemic, IgE-driven reaction
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Section lll Definition and differential diagnosis:

LA, pg. 117 Allergic rhinitis definition

» In atopic individuals, exposure to allergens may prompt
anfigen-specific IgE production

» Re-infroduction of the allergen triggers early and late-
stfage reactions

» Early stage »>within minutes. nasal itching, nasal congestion,
and rhinorrhea

» Late stage -2 4-8 hours later; nasal blockage, hyposmia,
increased secretions, and nasal hyper-responsiveness

6  ICAR
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Section lll. Definition and Differential Diagnosis

II.B pg. 117 Allergic rhinitis classification

» Allergic Rhinitis Classification

» ARIA proposed classification - can be confusing
» Seasonal Allergic Rhinitis (SAR)
P Perennial Allergic Rhinitis (PAR)

» Recommended Update:
P Intermittent Allergic Rhinitis (IAR) (<4 days/week or <4 consecutive weeks)
P Persistent Allergic Rhinitis (PER) (>4 days/week or >4 consecutive weeks)

» Severity
» Based on disturbances in quality of life (QOL), sleep, exercise tolerance, productivity, and
social functioning
» Mild or Moderate-Severe
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Sensitization vs clinical allergy

» Monosensitization3! P Polysensitization
» Sensitization to 1 allergen » Sensitization to 2 or more allergens
» Monoallergy » Polyallergy
» Single sensitizing agent causing clinical » Affirmed clinical symptoms to 2 or
allergy symptoms more sensitizing allergens

» In vivo and in vitro results must be carefully
interpreted in the context of patient symptoms
» Component-resolved diagnosis testing (in
Vvitro)
» More objective means of identifying
clinically relevant allergens
» Better distinguishes true co-sensitization from
A A polysensifization due to cross-reactivity
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Section Il Definition and Differential Diagnosis

II.C. pg. 118 Allergic rhinitis differential diagnosis

» Drug-induced rhinitis » NARES

» Rhinitis medicamentosa » Vasomotor rhinitis (nonallergic

» Occupational rhinitis rhinopathy)

» Chemical rhinitis » Age-related rhinitis (ie, elderly)

» Smoke-induced rhinitis » Empty nose syndrome

» Infectious rhinitis » Atrophic rhinitis

» Rhinitis of pregnancy and hormonally- » Autoimmune, granulomatous, and
induced rhinitis vasculitic rhinitis

» Food- and alcohol-induced rhinitis » Rhinosinusitis
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Section lll. Definition and Differential Diagnosis

II.C.1 pg. 118 Drug-induced rhinitis

Neurogenic/
Neuromodulator

» o antagonists » Psychotropics
» a-1: doxazosin, silodosin, prazosin, > NSAlDS' ASA' Ketorolac » Chlorpromazine
tamsulosin, alfuzosin, indoramin; . . .
thioridazine, amitriptyline,

Local Inflammatory  Idiopathic

» a-1, a-2: phentolamine

» Presynaptic a-2 agonists

» Clonidine, methyldopa, guanfacine,

llicit intranasal drug use alprazolam, reserpine,

risperidone, mianserin
» Immunomodulators

privedl » Cocaine, narcotics, ,
» pB-antagonists g ; » Cyclosporine
» B-1: metoprolol, atenolol, bisoprolol; anfiagepressants,
» - B-1, B-2: pindolol; _I_ h | . > Hormones
» - B-1,B-2, a-1: carvedilol, labetalol anticnolinergics, » Estrogen, oral
» Presynaptic depletion psychostimulants _confracepfives
norepinphrine stores » Antihypertensives
» Guanethidine » Amiloride, chlorothiazide,
» Phosphodiesterase Inhibitors hydralazine, o
» PDE-3 - Cilostazol hydrochlorothiazide
» PDE-5- Sildenafil, tadalafil, > O-l-her

vardendafil . . .
» Gabapentin, gingko biloba

» Non-specific - Pentoxyfylline

A » ACE inhibitors
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Section lll. Definition and Differential Diagnosis

11.C.2 pg. 120 Rhinitis medicamentosa

Rhinitis Medicamentosa (RM)

P Induced by prolonged use of topical infranasal decongestant (IND) -
exact mechanism unknown

» Triad

» Prolonged IND use
» Constant nasal obstruction
» Poor shrinkage of nasal mucosa

» Physical exam
» Mucosal edema, erythema and hyperemia

P Studies suggest IND use should be discontinued after 3 days to avoid RM
» Intranasal corticosteroids - only treatment with demonstrable
improvement in rebound symptomsé276.77
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Section lll. Definition and Differential Diagnosis

.C.3 pg. 121 Occupational rhinitis

Occupational Rhinifis (OR)

» Inflammatory condition of the nasal mucosa
» Intermittent or persistent nasal congestion, sneezing, rhinorrheq,
itching, and/or hypersecretion
P Attributable to a particular work environment
» not encountered outside the workplace
» typically involves occupational exposure to high molecular weight
(HMW) (more common) or low molecular weight (LMW) agents
» HMW-associated occupational rhinitis
» 3x more prevalent than occupational asthma
» often precedes asthma onset
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Occupational rhinifis

» Diagnosis

» Clinical and occupational history, identify high risk occupational exposures

» Examination, including anterior rhinoscopy and nasal endoscopy

» SPT and/or in vitro sIgE assessment for suspected HMW agent if available

» Nasal provocation test (NPT) with suspected agent in lab setting = gold
standard

» Suggestive history + exposure to HMW agent(s) + negative immunologic
tests + positive NPT may suggest local allergic rhinitis (LAR)

» Unified airway theory - testing including spirometry, measurement of
nonspecific airway hyperresponsiveness, and measurement of bronchial
inflammation by exhaled NO
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Occupational rhinifis

» Treatment
» Early identification and prevention reduces risk of
development of occupational asthma
» Avoidance or reduction of exposure
» Nonspecific allergic/nonallergic rhinitis pharmacotherapy
» Specific immunotherapy may be available (HMW agents with
available extracts)
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Section lll: Definition and differential diagnosis

1.C.4. pg. 122 Chemical rhinitis

» Some chemical exposures can cause congestion, rhinorrhea, nasal
discomfort, post nasal drainage, headache or epistaxis

» Can be occupational, household, or leisure (ie pool chlorine)

» Generally caused by larger particles, as smaller parficles pass through
nasal passages

» Not IgE related in general

» Some chemicals can cause immunologic sensitization (diisocyanates,

acid anhydrides, some platinum salts, reactive dyes, glutaraldehyde,
plicatic acid, and chroamine)
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Section lll: Definition and differential diagnosis

I1.C.5. pg. 122 Smoke-induced rhinitis

» Environmental smoke exposure is associated with chronic rhinitis
symptoms

» Serum cotinine levels can correlate with symptoms
» Noft IgE mediated

» Can be neurogenic and irritant components in the
pathophysiology

» Noft all patients react but those who do can have subjective
symptoms (congestion, rhinorrhea, sneezing), and objective
iIncreases in nasal resistance

» Nasal symptoms after exposure may last hours to days
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Section lll: Definition and differential diagnosis

I1.C.6. pg. 123 Infectious rhinitis

» Infectious rhinitis can be acute or chronic, viral or bacterial
» Sneezing and itching are indicative of non-infectious etiologies

» Mucosal inflammation, purulent rhinorrhea, cervical
lymphadenopathy or pharyngeal erythema are associated with
infectious rhinitis

» Children average 6 episodes of rhinitis a year while adults have 2-3

» Symptoms persisting beyond 10 days may be attributable to
bacterial infection
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Section lll: Definition and differential diagnosis

II.C.7. pg. 124 Rhinitis of Pregnancy and Hormone-Induced Rhinitis

» Defined as nasal congestion and rhinorrhea that lasts for 6 weeks of pregnancy and
resolves within 2 weeks of delivery

Affects up to 22% of pregnancies
Typically starts in the 219 trimester
Can be an exacerbation of pre-existing rhinitis (allergic or non)

Etiology thought to be due to hormones or physiologic pregnancy-related changes

vV v. v v Vv

Treatment has limited evidence
» Head of bed elevation, exercise, and nasal dilator strips have been recommended
» Hypertonic saline effective

» Little evidence for intfranasal corticosteroids

» Any condition that affects hormone levels can causes similar symptoms (puberty,
menarche, perimenopausal)
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Section lll: Definition and differential diagnosis

II.C.8. pg. 124 Food and alcohol induced Rhinitis

» Food induced rhinitis is low In prevalence (<1% of population), but involves
symptoms after ingestion of triggers

» Food induced rhinifis is a nonimmunologic reaction

» Generally considered a reflex response from a cholinergic and adrenergic

response of the nose
> Gustatory rhinitis

» Rarely the only manifestation of a food allergy

» May predate the development of other sensitivities, and associated with
elevated total IgE

(S
0
>
Py

\
American

7}
International Consensus i Rhlno/ogl(

Society




Food and alcohol induced Rhinitis

» Pollen food allergy syndrome (oral allergy syndrome)- oropharyngeal swelling, itching,
tingling after eating certain raw fruits/vegetables

» Prevalence- 5-17% and up to 50% of the pollen allergic patients

» Occurs due to cross reactivity between aeroallergens inhaled and cross reactive heat labile
food proteins of plant origin

» Antigens are heat labile, patients usually can tolerate the cooked version of the causative
fruit/vegetable
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Alcohol induced Rhinitis

» Alcohol induced rhinitis is more common in women than men
» Characterized by nasal congestion

» Most common with red wine ingestion

» Direct alcohol consumption has been associated with a frend toward
developing SPT positivity and with increased serum total IgE levels
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Section lll Definition and differential diagnosis

[11.C.9 pg. 125 Non-allergic Rhinitis with Eosinophilia Syndrome (NARES)

» Syndrome with symptoms consistent with perennial allergic rhinitis, but
negative atopic testing and eosinophilia present on nasal cytology

» Patients have congestion, rhinorrheq, sneezing, pruritis, and anosmia
» On nasal smear often have 10-25% eosinophilia

» Pro-inflammatory cytokines are elevated in this disease (tryptase, ECP, Th2
cytokines)

» May be associated with aspirin exacerbated respiratory disease and
obstructive sleep apnea

» Treatment is typically with intranasal corticosteroids, and may also utilized
topical antihistamine sprays
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Section lll Definition and differential diagnosis

[11.C.10 pg. 126 Vasomotor rhinitis (non-allergic rhinopathy)

» Most common type of non-allergic rhinifis

» “Rhinopathy” is used to distinguish the fact that this is not an inflammatory
condition

» Primary symptom is rhinorrhea, but may be associated nasal congestion, post
nasal drainage, throat clearing, cough, Eustachian fube dysfunction,
sneezing, hyposmia, facial pain and pressure

» Typically elicited by defined triggers, such as cold air, climate changes (ie,
temperature, humidity, barometric pressure), strong smells, fobacco smoke,
changes in sexual hormone levels, environmental pollutants, physical
exercise, and alcohol

» Thought to be due to neurosensory abnormalities
» Typical freatment is intranasal anticholinergics such as ipratropium bromide

A=
Q ) ICAR. A 5

Society




Section lll Definition and differential diagnosis

I11.C.11 pg. 126 Age-related Rhinitis (ie Elderly Rhinitis)
» Multiple age-related changes in the nasal passages

» Rhinorrhea is a common complaint in the elderly
» More than 70% of elderly patients report clear rhinorrhea

» Thought to be due to an imbalance of sympathetic and parasympathetic tone,
leading to increased parasympathetic tone and secretion

» Age related congestion
» Decreased water content leads to thicker mucus
» Loss of cartilage elasticity and nasal tip support
» Decreased mucociliary clearance in the elderly
>

Loss of nasal cycle in the elderly
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Section lll Definition and differential diagnosis

I11.C.11 pg. 126 Age-related rhinitis (ie elderly rhinitis)

» Allergic rhinitis in the elderly
» Rate of allergic rhinitis does not decrease in the elderly

» Likely underdiagnosed in the elderly and should be considered as a
possibility
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Section lll Definition and differential diagnosis

I1.C.12. pg. 127 Empty nose syndrome and afrophic rhinitis

» Empty nose syndrome

» Impaired nasal airflow sensation usually as a result of tissue loss from
turbinate surgery

» Symptoms- nasal dryness, mild crusting, paradoxical nasal congestion
» Differential diagnosis- atrophic rhinitis, sarcoidosis

» Pathophysiology- turbinate resection, loss of nasal mucosa and airflow
sensing thermoreceptors (TRPM8), nerve damage and aberrations in
neurosensory system

» Diagnosis- H&P, PE, cotton test

» Treatment- Moisturizing agents, saline irrigations, surgery with
submucosal expansion of the internal nasal mucosa
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Atrophic rhinitis

» Inflammation and atrophy of the nasal and paranasal
MUCOSA

» Symptoms- thick, adherent nasal crusting, congestion,
foul odor, atrophy of the nasal structures, hyposmia,
saddle nose deformity, septal perforation

» Diagnosis- PE, nasal biopsy, nasal cultures

» Pathophysiology- mucosal injury as a result of from
prolonged microvascular or ischemic injury

» Primary atrophic rhinitis- associated with Klebsiella Ozaenae

» Secondary atrophic rhinitis- direct injury from trauma, irradiation,
surgery, bacterial infection, granulomatous disease
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Comparison of empty nose syndrome and atrophic

rhinitis
_ Empty nose syndrome Atrophic rhinitis

Cause latrogenic removal of tfurbinate Chronic inflammatory process associated
tissue with bacterial infection that progresses to
Not associated with bacterial resorption of turbinate tissue
infection

Crusting Minor or no crusting Heavy crusting

Cause of Loss of nasal mucosa and turbinate  Crusting and subsequent loss of nasal

congestion  fissue structures

Bacteria No association Primary- Klebsiella ozaenae

Secondary- Staphylococcus aureus,
Proteus mirabilis, Escherichia coli
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Section lll Definition and differential diagnosis

II1.C.13. pg. 128 Autoimmune, granulomatous, and vasculitis rhinifis

» Granulomatosis with polyangiitis

» Idiopathic disease with necrotizing and granulomatous inflammation of
the upper and lower airways (85%), glomerulonephritis (75%), and
systemic vasculitis

» Nasal symptoms- obstruction, rhinorrhea, epistaxis, crusting, pain,
anosmia, cacosmia

» Nasal endoscopy findings- Erythematous friable mucosa, crusting,
granulation tissue, septal perforation and loss of nasal structures

» Diagnosis- biopsy, positive c-ANCA
» Treatment- prednisone, cyclophosphamide, methotrexate

» Rituximab, anti-CD20 monoclonal antibody may be effective therapy in
refractory or relapsing c-ANCA vasculitis
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Eosinophilic granulomatous with polyangiitis (Churg Strauss Syndrome)

» Small-sized vessel vasculitis, prevalence 1.3 cases per 100,000
» Symptoms- rhinitis, nasal polyps, anosmia/hyposmia, asthma

» Diagnosis- Asthma, peripheral blood eosinophil count > 10%,
pulmonary manifestation, positive p-ANCA

» Treatment- steroids, immunosuppressants, anti-IL-5 therapy
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Sarcoid

» Chronic multisystem disorder characterized by bilateral hilar
adenopathy, pulmonary infiltration, ocular and skin lesions

» Nasal symptoms- congestion, epistaxis, nasal pain, epiphora,
anosmia

» Physical findings- friable edematous nasal mucosa, submucosal
yellow nodules, septal perforation, saddle nose deformity

» Diagnosis- clinical findings, biopsy (non-caseating granulomas)

» Treatment- steroids, chloroquine, immunosuppressants, lung
transplantation, biologics
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Systemic lupus erythematous

>
>
>
>
>
>

Autoimmune disorder that can affect any body system
Predominately affects women (10:1)

Incidence 5.6 per 100,000 people

Skin of nose and nasal vestibule can be involved in the skin rashes
Mucosal lesions are seen in 9-18% of cases

Diagnosis- history and physical, laboratory tests (ANA, anti-double-
stranded DNA)

» Treatment- corticosteroids, immunomodulators,
Immunosuppressants
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Section lll Definition and differential diagnosis

II.C.14 pg. 129 Rhinosinusitis

» Rhinosinusitis includes diagnoses of acute rhinosinusitis, recurrent
acute and chronic

» Symptoms- nasal obstruction, congestion, facial pain/pressure, nasal
discharge, anosmia/hyposmia for varying durations of time

» Allergic rhinitis- may share several overlapping symptoms mainly
rhinorrhea and nasal congestion with the various subtypes of
rhinosinusitis

» Typically not associated with purulent or unilateral nasal drainage
» Facial pain atypical for AR

» Duration variable often with seasonal or exposure-related fluctuations
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» Acute rhinosinusitis- Sudden onset of sinonasal inflammation lasting
< 4 weeks

» Recurrent acute rhinosinusitis- at least 4 episodes of ARS per year
with disease-free intervals between episodes

» Chronic rhinosinusitis with and without polyps- Inflammatory
condition lasting more than 12 weeks with at least 2 symptoms of
nasal obstruction/congestion, mucopurulent nasal drainage, facial
pressure/pain, anosmia/hyposmia. In addifion patients must have
objective evidence of sinonasal inflammation on either endoscopy
or on CT scan of sinuses
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Section |V Pathophysiology and mechanism of allergic rhinitis

IV.A.1. pg. 130 Systemic mechanism and manifestation

» Immune response leading to AR is often a systemic phenomenon

» Manifestations of systemic atopy in AR
» Cutaneous reaction elicited by skin testing

» Atopic march- temporal relationship between AR and atopic dermatitis, food
allergy and allergic asthma

» Immunologic process underlying IgE-mediated AR involves
activation of the adaptive immune system
» Th1 profile responsible for defense against intracellular pathogens

» Th2 profile responsible for IgE-mediated eosinophilic inflammation of allergy
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Steps for initiation of Th2-predominant response

1.  Exposure of nasal mucosa to inhalant allergens

2.  Epithelial cells secrete inflammatory mediators (cytokines, chemokines,
eicosanoids, endopeptidases), thymic stromal lymphopoietin?/¢

3. Allergens engulfed by dendritic cells and presented to naive T helper cells on
MHC |l molecules?/4

4.  Th2 differentiation occurs

5. Production of IL-4, IL-5, IL-13 which promote IgE-mediated eosinophilic
inflammation and allergy

6.  Differentiation of B cells into IgE secretfing plasma cells
7. B-cells produce IgE under the influence of Th2 effectors cells and IL-4 or IL-13

8. IgE anfibodies bind high-affinity receptors on the surface of mast cells and
basophils280

9.  Crosslinking of IgE- degranulation, release of histamine causing the classic
symptoms of AR
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Section V. Pathophysiology and mechanisms of allergic rhinitis

IV.A.2. pg. 131 IgE-IQE receptor cascade

» IgE plays a central role in AR

» IgE plasma is short lived, IgE receptor bound (mast cells, basophils)
via high affinity receptor Fc<RI- remains attached for weeks/months

» |IgE bound to receptor cross-links antigen

» Release of preformed inflammatory mediators from mast cells/
basophils resulting in clinical manifestations of allergic disease
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IgE-IgE receptor cascade

» LocallgEis produced in the nasal mucosa of patients with AR282-284
» Local IgE upregulates FcsRI expression on mast cells?83-285

» Augmented expression of Fc«RI allows for increased binding of IgE-
anfigen complexes

» Enhances mast cell sensitivity

» Leads to increased production of immunomodulating cytokines/
chemical mediators

» Form positive feedback amplification loop involving the IgE-IQE
receptor cascade perpetuating ongoing inflammation
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Section V. Pathophysiology and mechanisms of allergic rhinitis

IV.A.3. pg. 131 Local IgE production and local allergic rhinitis (LAR)

» LAR-regional inflammatory condition defined by local symptoms and sIgE-
mediated inflammation without evidence of systemic hypersensitivity

» Negative allergy skin test or in vitro test does NOT exclude regional IgE-
mediated sensitivity (LAR)

» LAR- affects more that 47% of children and adults previously thought to
have non-allergic rhinitis

» Diagnosis- positive NPT and/or detection of sigE and/or basophil activation
test in the absence of systemic atopy
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Local allergic rhinitis

» Flow cytometry studies in nasal secretions of patients with LAR

» Th2 inflammatory response with increased eosinophils, basophils, mast
cells, CD3+, CD4+ T cells

» LocalslgEis produced from the respiratory airway mucosa

» Cellular studies confirmed the expression of gene transcripts and
MRNA for the heavy-chain of IgE in nasal mucosal B-cells

» Rate of local IgE production is sufficient to saturate IgE receptors on
local mast cells
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Section V. Pathophysiology and mechanisms of allergic rhinitis

IV.B. pg. 132 Non-IgE mediated inflammation in allergic rhinitis

» The innate immune response appears to conftribute to the
pathogenesis of AR

» Nasal epithelium is the first structure to encounter inhaled allergens

» Proteolytic activity of allergen disrupts epithelial barrier allowing
allergen penetration and chronic inflammation

» Nasal epithelium expresses toll-like receptors

» Allergen activates toll like receptors leading to production of various
mediators which propagate the local inflammatory response

» In allergic disease the nasal epithelium seems to be in a permanently
activated state
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Non-IgE mediated inflammation in allergic rhinitis

» Innate lymphoid cells- key players in pathogenesis of Th2-type
disease such as AR, CRSWNP, asthma

» [LCs do not express anfigen specific T-cell receptors but can react
to “danger signals” by producing cytokines that direct immune
response

» Airway epithelial cells release cytokines which activate ILC2s that
then produce cytokines IL-5 and IL-13

» Allergen challenge in AR subjects induce an increasing number of
peripheral serum ILC2s
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Section V. Pathophysiology and mechanisms of allergic rhinitis

IV.C. pg. 132 Unified airway concept

» The upper and lower airways are linked forming a united airway
system

» Inflammation in one part of the airway influences the other part

» The mucosa is similar of the upper and lower airways-
pseudostratified epithelium with ciliated columnar cells

» Both AR and asthma support a Th2 endotype
» Production of IL-4, IL-5, IL-13, IL-25, IL-31, IL-33, basophils, eosinophils,

mast cells
» Type 2 profile associated with good response to corticosteroid
freatment
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Unified Airway Concept

» Sinonasal inflammation influences the lower airways

» Pulmonary aspiration of nasal contents, nasobronchial reflex, uptake of
inflammatory mediators in the systemic circulation

» Mouth breathing independently associated with asthma morbidity34¢

» Reduced filtration and air conditioning functions of the nose may lead
to increased exposure of the lower airways to allergens

» Small molecules such as molds and cat dander- higher risk for asthma

» Larger molecules such as free/grass pollen- primarily associated with upper
airways symptoms
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Unified airway concept

» Nasal-bronchial crosstalk in allergic airway disease

» Segmental bronchial or nasal provocation can induce allergic
inflammation in both the nasal and bronchial mucosa

» Systemic allergic response is characterized by increased expression
of adhesions molecule on nasal and bronchial endothelium
facilitating migration of inflammatory cells intfo the tissue

» Same mechanisms behind AR may be important in airway
inflammation throughout the respiratory tract
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Section |V Pathophysiology and mechanisms of allergic rhinitis

IV.D. pg. 133 Cellular inflammatory infiltrates

» Pathophysiology of AR orchestrates a type 2 immune responsesse

» Both innate and effector mechanisms play essential roles during the
development of allergic disease

» Effector Th2 cells produce IL-4, IL-5, IL-2, IL-13
» TSLP, IL-25, IL-31, IL-33 contribute the Th2 response

» Cytokines lead to the production of sIgE, eosinophilia, mucus, tissue
migration of Th2 cells and eosinophils, regulation of tight junctions,

epithelial barrier integrity

» Dendritic cells are increased in number in AR and have close contact with
epithelial cells and ILCs and control T-cell and B-cell activation and
differentiation

» Elimination of dendritic cells has been shown to suppress development of AR
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Cellular inflammatory infiltrates

» B-cells and plasma cells are capable of producing IgE in nasal tissue in AR
patients

» Within the nasal epithelium of allergic individuals increased numbers of
major basic protein-positive and EG2+ eosinophils are found during pollen
season

» Mast cells are found within the epithelium and submucosal layer

» Basophils within the lamina propria are increased within 1 hour of allergen
provocation

» Degranulation of mast cells and basophils occurs during the early and late
phases of type | reactions
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Section |V Pathophysiology and mechanisms of allergic rhinitis

IV.E. pg. 134 Cytokine network and soluble mediators

» Type 2 cytokines regulate the allergic inflammatory cascade

» Produced by Th2 cells, mast cells, eosinophils, epithelial cells, type 2
ILCs

» IL-4, IL-5, IL-6, IL-13- increase presence of eosinophils, mast cells,
upregulated IgE production

» IL-5- key role in modulating eosinophil maturation, differentiation and
survival

» Upregulate the production of other cytokines and chemokines from
epithelial cells and fibroblasts leading to influx of inflammatory cells

» Elevated levels of TARC, CCL17, MDC, CCL22, eotaxin, RANTES, MCP-1,
MIP-1a
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Cytokine network and soluble mediators

» Airway mast cells

» Important source of type 2 cytokines, proinflammatory cytokines,
chemokines, TSLP

» Crucial role in mast cell-induced local IgE synthesis by B cellsand
upregulation of FceRl

» Production of TNF-a by mast cells in concert with [L-4 and IL-13
enhances production of TARC, TSLP and eotaxin from epithelial cells

» Chemokines tryptase and chymase upregulate RANTES and GM-CSF
production from epithelial cells

nnnnnnnnnnnnnnnnnnnnnn

B

NS NS
e}
>
P

American
i Rhinologic

Society



Cytokine network and soluble mediators

» Nasal epithelial cells
» Release IL-1, IL-6, IL-8, IL-25, IL-33, TSLP, TNF-a
» Aid migration and activation of eosinophils, basophils, and Th2 cells
» Crucial role in the regulation of allergic inflammatory cascade
» Eosinophils
» Major source of MIF, NGF

» Express 5-lipoxygenase, LTCA4S, CysLT,, CysLT, receptors which play a
role in the arachidonic acid pathway

» Th17 cells- unique subpopulation of CD4+ T cells
» Produce IL-17A, IL-17F, IL-22, TNF-a, IL-21

» IL-17 thought to play a role in AR and found to be in increased in nasal
mucosa of patients with dust mite allergy
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Summary cytokine network and soluble mediators

» AR is atype 2 mediated disease characterized by regulatory
cytokines IL-4, IL-4, IL.-13

» Newer type 2 cytokines have been identified in AR including IL-17
family cytokines

» Type 2 ILCs and epithelial cell-derived cytokines (TSLP, IL-25, 1L-33)
play a crucial role in the regulation of the allergic inflammatory
cascade
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Section V. Pathophysiology and mechanisms of allergic rhinitis

IV.F. pg. 135 Histologic and epithelial changes

» Epithelial remodeling is a key feature in CRS and asthma but less
defined in AR

» Limited studies have found no significant increase in basement
membrane thickness, subepithelial fibrosis, goblet cell hypertrophy,
or blood vessel volume and surface density

» Epithelial inflammatory response over remodeling is a key feature of
AR

» Leads to mucosal edema, autonomic neural stimulation, increased
mucosal secretions

» Manifests as nasal obstruction, pruritis, sneezing, rhinorrhea
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Histologic and epithelial changes

» Penetration of the epithelial barrier leads to allergen sensitization and
local/systemic inflammatory response

» Barrier comprised of mucus and epithelial cells linked by apical junctional
complexes

» Mechanical or infective insults fo the epithelium or defective epithelium leads to
barrier breach and allergen penetration

» Allergens can induce junctional dysfunction and penetration of the epithelial
barrier by allergens

» Proteolytic allergens directly disrupt the apical junctional complex

» APC activation and ensuing Th2 response induces further leakiness of the apical
junctional complex

» Corficosteroids may reverse the barrier impairment
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Section |V Pathophysiology and mechanisms of allergic rhinitis

IV.G. pg. 136 Microbiome

» Human microbiome comprises the complex community of microorganisms
that resides and interacts with the human body

» Changes in the microbiome may influence the development of AR

» Disruption of the gastrointestinal bacteria is thought to alter mucosal
immunological tolerance

» Development of allergy symptoms in children associated with
» Overall lower microbial diversity

» Increased prevalence of Bacteroides, Bifidobacterium adolescentis

» Lower counts of Akkermansia muciniphilia, Faecalibacterium, Clostridium
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Microbiome

» Systematic review by Melli et al 1. Penders et al found presence of
compared intestinal microbiotia of Clostridium difficile at 1T month associated

allergic patients and healthy controls with increased risk for allergic sensitization
until the age 2 years

» 21 studies noted an association
between the intestinal microbiota and
allergic disease

2. Adlerberth et al noted increase ratio of
gram-negative to gram-positive bacteria
at 1 year of age to be associated with IgE

» 4 Studies had specific outcomes levels > 100 kU/L at 1.5 years of age

related to AR or sensitization
3. Bisgaard et al found lower bacterial

» Most of the studies linking microbiome diversity was associated to higher risk of
to the development of atopic disease allergic sensitization and AR

were varied and difficult to interpret
> 4. Johansson et al reported lower

frequency of colonization with Lactobacilli
and Bifidobacterium bifidum in allergic
children

/ A WA ¥ .
\
. *.0 ICAR
/ % \ . /
"‘\ A /_‘:‘x {:2, " International Consensus i RhlﬂO/Ogl(

in Allergy & Rhinology SO(I?')’




Section V. Epidemiology of allergic rhinitis

V.A. pg. 136 Prevalence of allergic rhinitis in adults

» Population studies show an increase in AR in adults in recent
decades

» Lifetime prevalence of allergic rhinitis in the United States can be
estimated between 11% (physician reported) and 33% (self
reported)

» In Europe, prevalence of AR in adults likely ranges between 10%
and 41%

» Surveys involving patient self-reporting AR show 1/3 population
reported “sneezing and/or nasal symptoms in the absence of cold
or flu” with about 24% reporting seasonal symptoms and 10%
reporfing year-round symptoms
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Prevalence of allergic rhinitis in adults

» National Health and Nutrition Examination Survey 2005-2006
presented population figures in which 2/3rds of the patients were

over 20 years of age
» Physician diagnosed hay fever 11.3%

» Reliance of physician diagnosed AR is likely to considerable underestimate the
actual prevalence of AR since patients self diagnose and self treat

» Swiss Study of Air Pollution and Lung Disease in Adults

» Prevalence of self reported nasal allergies in adults was 17.9% and the
prevalence of current symptoms was 14.2%

» Prevalence estimates lower if a positive SPT was included (11.2% for current hay
fever and at least 1 positive SPT)
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Section V. Epidemiology of allergic rhinitis

V.B. pg. 137 Incidence and prevalence of allergic rhinitis in children

» Cincinnati Childhood Allergen and Air Pollution Study- 9% of 12 month-old

children with a parental history of respiratory allergy fulfilled the criteria for
AR

» In Pollution and Asthma Risk: an infant study birth cohort 92.1% of 18-month
old children had AR-like symptoms with strong association with atopy and
sensitization to inhalant allergens

» 23.7% had rhinoconjuntivitis

» In 29,662 US children the incidence of physician-diagnosed AR#¢7
» 1% first year of life
» 3.6-4.5% from 1-5 years of life

» Highest incidence between 2-3 years of age

» In 1,314 German children, incidence of SAR was 3-4% per year from 3-7
years of age
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Incidence and prevalence of allergic rhinitis in children

Longitudinal studies show that AR often occurs first in childhood and
increases in prevalence with increasing age

The International Study of Asthma and Allergies in Childhood

» Estimated prevalence of allergic disease in 2 different age groups 6-7 years and
13-14 years surveyed 1999-2004 through a multicenter global survery

» 6-7 year old age group- current rhinoconjunctivitis 8.3%
» Slightly higher in boys than girls
» 13-14 year age group- current rhinoconjunctivitis 15.1%
» Slightly higher in girls than boys
Meta-analysis of all studies performed according to the ISAAC-protocol

(1,430,329 Children age 0-18 years) found the overall prevalence of AR
12.66%
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Section V. Epidemiology of allergic rhinitis

V.C. pg. 138 Geographic variation of allergic rhinitis

» Prevalence of AR shows marked geographic variation

» Studies suggest increased sensitivities rates in urban settings and colder
climates

» Liet altheorized urban dwellers have indoor activities compared to rural
counterparts leading to increased exposure to perennial allergens (HDM).

» Exposure to urban pollution may be associated with increased risk for
developing AR in children

» Role of lafitude in PAR- prevalence of persistent AR is higher in both
Northern Europe and Northern China compared to their southern
counterparts

» Allergenic plant species may have a propensity to grow in certain geographic
locations

» Colder climates shorten growing season
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Section VI. Risk factors for allergic rhinitis

VI.A. pg. 138 Genetics

» One of the strongest risk factors is the presence of disease in first-
degree family member

» Twin studies show high concordance rates for AR in monozygotic
twins compared to dizygotic twins

» Estimated heritability of AR suggested as high as 70-80%
» Many genes and several variants are believed to contribute to AR

» Strong association between genes involved in T-cell activation
(LRRC32) and innate immunity (TLRS)
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Single-nucleotide polymorphisms associated with AR

» Genome-wide association studies have identified single-nucleotide
polymorphisms (SNPs) associated with AR

» 5 GWASs on AR have been published as of /2016

» SNPs in leucine-rich repeat-containing protein 32 (LRRC32) have
been strongly associated with AR in 3 of the GWAs

» LRRC32- regulated T-cell proliferation, cytokine secretion,
TCF-B activation

» Toll like receptors play a crucial role in immune regulation and SNPs
in different TLRs play a crucial role in immune regulation and SNPs in

different TLRs have been associated with AR GWAs (TLR1, TLRé,
TLR10)
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Gene-environment inferactions and epigenetic effects

» Epigenetics- change in gene expression caused by methylation
with preservation of the underlying DNA sequence

» Possible link between genetic and environmental factors

» DNA methylation in children is strongly influenced by well-known risk
factors for allergic diseases such as maternal smoking during
pregnancy and air pollution

» Small scale studies link methylation profiles 1o AR
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Section VI Risk factors for allergic rhinitis

VI.B. pg. 1392 Inhalant allergens (in utero and early childhood exposure)

» AR is characterized by a loss of immunological and clinical
tolerance toward a specific allergen.

» Involves production of sIgE, hallmark of allergy and its production
defines sensitization

» If asubjectis never exposed to an allergen, sensitization to that
allergen cannot occur

» Without sensitization allergy cannot exist
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» 6 studies on the topic of early mite exposure and the development
of AR

» Most failed to demonstrate an association between early
exposure to mites and the development of AR Studies are
conflicting and additional research is needed

» Marinho et al. reported that early exposure to HDM is not a
protective factor for current AR

» Kim et al. proposed exposure to spider mites as a risk factor for AR
» Petfs may be arelevant source of mites
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TABLE VI.B-1. Evidence for the effects of mite allergen exposure (in utero and early childhood exposure) on the
development of allergic rhinitis”

Study Yoar LOE Study dasign Study groups Type of exposura Conclusion
Schoos etals*® 2016 20 | Prospective birth | 399 chillaren (7-13 | Der p 1 In dust sample at 1 year No association with AR at 7 years (OR
cohort years old) from 0.9;95% 4, 0.7-1.1).
COPSAC study
Derf 1 In dust sample at 1 year No association with AR at 7 years (OR
0.9; 95% 01, 0.7-1.1).
et al 57 2014 20 | Prospective birth | 513 children Mite allergen exposure at 3 monfis | No association with curent AR (OR
cohort (5 years old) (measured as allergen levels inthe | not reported).
from PALLA Iving room fioor and In the
stugy mofer's or child's mattress)
Marinho et al =° 2007 2 815 chilldren Der p exposure at 0-5 years oid Profective factor for current
birth cohort (5 years old) (measured as allergen levels rhinoconjunctivitis (OR 0.8; 95% CI,
from MAAS recoverad from child's bed, chisd's 0.7-0.98). This finding falled to
stuay bedroom foor, parantal bed, and reach significance In mulivariate
lounge fioor) analysis.
Corver et a.5'® 2006 2b | Prospactive birth | 416 children Darp 1and Derf 1 exposwraonthe | No association with minitis In 4th year
cohort (4 years old) chisdren’s matiresses (OR 0.9; 95% O, 0.6-1.3).
from PIAMA
stugy
Kulig et a2 2000 20 | Prospective birth | 587 children Mita (Derp 1 + Dar f 1) exposure at | No association with SAR (OR nat
cohort (7 years old) 0-18 months (measured as reporiad).
from MAAS allergen levels obtalned from
stugy carpat dust samples)
KIm at al =21 2002 3 | Cross-sactonal 16,624 chiasdren | History of spider mite exposura ResK tactor for rhinitis (OR 1.3; 95%
(7-18 years oid) o, 1.2-15).
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Pollens

TABLE VI.B-2. Evidence for the effects of pollen allergen exposure (in utero and early childhood exposure) on the
development of allergic rhinitis

Study Year | LOE Study dasign Study groups Type of axposure Condlusion”
Erbasetal**' | 2013 | 2b | Prospectve birth | 620 chllaren (6-7 years old) from MACS RCT | Pollen axposure’ during Risk factor for hay fever (OR
conort (wtth at least 1 first-degree family membar |  Infancy (at 3-6 monfns) 1.1;95% €I, 1.01-1.3)
Wit a history of eczema, asthma, hay
fever, savera food allergy)
Kihistrom 2002 | 3b | Cross-sectional | 583 chilaren with atopic heredity (4-5 years | High-oose exposure tobirch | No association with allergic
etal®"? old) polien at 03 months rhinoconjuncivitis (OR 1.0;
95% Cl, 0.6-1.8)
High-dose axposure fo birch | No association with allergic
pollen at 1 year rhinoconjuncevitis (OR 1.3;
95% Cl, 0.8-2.2)
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Animal dander

» Studies evaluating the association between early exposure to
animal dander and subsequent development of AR are conflicting

» Studies are divided according to three findings

1. Positive studies reporting a protective effect on AR
development

2.  Negative studies showing the early exposure to pets represents
a risk factor for AR

3. Neutral studies reporting that early exposure to animal dander
Is not associated with AR

» Evidence based guidelines regarding having pets at home cannot
be established
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Fungal allergens

» Most studies demonstrate evidence that early exposure to fungal
allergens represents a risk factor for AR development

» 3 studies demonstrated that early exposure to fungal allergens is
not associated with AR

» Aggregate Grade of Evidence: C
» Level 2b: 3 studies
» Level 3 b: 10 studies
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Section VI Risk factors for allergic rhinitis

VI.C. pg. 141 Food allergens (in utero and early childhood exposure)

» Maternal food antigen avoidance
» Does not appear to have a beneficial effect on AR development

» May be associated with a higher risk of preterm birth and a possible
adverse effect on mean birth weight

» No data supports maternal diet as a contributing factor for the
development of food allergy and AR

» Delayed infroduction of solids past 4-6 months of age was not associated
with decreased odds for AR, asthma or food sensitization

» Presence of food allergy during childhood may increase the risk factor for
AR
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Food allergens

TABLE VI.C. Evidence for the effects of food allergen exposure (in utero and early childhood exposure) on the development

of allergic rhinitis

Study Yoar LOE Study design Study groups Clinical endpoint Condusion

Zelger 1095 ib | RCT 1. Infants whose mothars Food allergy, atopic No significant (iffarance between

etal s avolded cow's milk, egg, and cermattis, AR, asthma, treatment groups, though
peanut In the kast trimester of any atopic disaase, chilaran with food aliargy by 4
pragnancy and kactation and lung function, food or years had a higher 7-year
who themselves avolded aercallergan prevalance of AR and asthma.
cow's milk until age 1 year sensitizaion, serum IgE
(caseln hydrolysate level, presanca of nasal
supplamentation bafora age ecsinophlls or
1), g unll age 2 yaars, and basophilic celts at age 7
peanut and fish until age 3 years.
years;

2. Standard feading practices.

Lilja et al 5™ 1089 | 1b | RCT Women with respiratory allergy @ | Incidence of atopic No significant ciffaranca In the
animal danders and/or poliens In diseases at 18 monts distribution of atopic disaase In
the tast 3 months of pregnancy of age retation to the matemal diet
randomized fo: during late pragnancy.

1. Vary low Ingestion of egg and
cow's milk;
2. Dally Ingestion of eqg and
cow's milk.

Fatn- 1087 1b RCT 1. Strictty cow's milk-frea and SKin prick, sarum IgE, Matarnal ellmination diet during

Magnusson egg-frea diat from wesk 28 to atopic manifestations kate pragnancy doas not protect

etal s dallvery; (not AR) tha baby against atopy.
2. Normal diet Inciuding cow's Maternal alimination diet
milk and egg. during kata pragnancy Is

assoclated with low weight
gain and preterm Dirth.
2016 | 2a | Meta-analysis Asthma, AR, aczema or Food sensttization In e first 2
otal® sensitizalion against years of life can ldentity
food allergans childran at high risk of
subsaquant aslargic diseasa,
Including AR.

Zutavem 2008 | 2b | Poputation-based, Asthma, AR, eczema or No evidanca supporting a dalayed

etals? prospactive sensitization against introduction of solids beyond

birth conort food or Inhaant 4-6 months.
study allergens

AR - allergic rhinits; IgE — immunoglobulin E; LOE ~ level of avidence; RCT - randomized controlled trial.
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Section VI Risk factors for allergic rhinitis

VI.D. pg. 146 Pollution and AR

» Most studies looking at the relationship between pollution and AR primarily
focus on particulate matter < 10um, particulate matter <2.5um, nitrogen
dioxide, sulfur dioxide, carbon monoxide and ozone

» Pollutants may potentiate atopy through multiple mechanisms
» Injury to the nasal epithelium

» May damage nasal mucosa and impair mucociliary allowing for
enhanced access of inhaled allergens to cells of the immune

system
» Altering the immune response
» Increasing the allergenicity of certain antigens

» Diesel fuel exhaust is able to carry allergens potentially increasing
the spread of allergens or the duration of their exposure
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Pollution

» 3 prospective cohort studies found no significant correlation between air
pollutants and development of AR

» Several infernational case control and cross-sectional studies have varied
results

» Anderson et al evaluated effect of PM,, on the development of
rhinoconjunctivitis in 322,529 children across 51 countries

» No between-country association of rhinitis with modeled pollution
levels

» Within countries- weakly positive associations between PM,, levels
and rhinoconjunctivitis symptoms in 6-7 year olds and diagnosed
hay feverin 13-14 year olds

» Some pediatric studies identified positive correlation between

increased exposure to various pollutants and an increased diagnosis of
AR during childhood
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Pollution

» Studies show varied results regarding the relationship of pollution
and AR

» Relationship between pollution exposure and development of AR is
currently unclear

» Aggregate Grade of Evidence: C
» Level 2b: 3 studies
» Level 3b: 2 studies
» Level 4: 9 studies
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Section VI Risk factors for allergic rhinitis

VI.E. pg. 147 Tobacco Smoke

» Tobacco smoke exposure » Most studies evaluation AR and
causesDirect surface damage of the tobacco found no correlation
nasal mucosa between active or passive tobacco

smoke and AR. Some studies suggest
tobacco may have a protective
effect against the development of AR

» Epigenetic changes via histone
acetylation and DNA methylation

» Immunosuppressive effect on
allergic disease by suppressing
eosinophil trafficking and Th2
cytokine/chemokine responses

» Tobacco smoke has a positive
association with the development of
non-allergic/chronic rhinitis

» Tobacco smoke does not appear to
influence the efficacy of AR treatment
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Active vs passive

Year | LOE Study design smoke exposure Study groups Clinical endpoint Conclusion

2014 | 2a | SRof cohort, Both 1. Active smoking; Diagnosis of AR No association between active
cross-sectional, 2. Passive smoking; smoking and maternal

TO bo CCO SmOke and case-control 3. No active or passive pre-natal passive smoking and
studies smoking AR. Significant association
between all other passive
smoking and AR.

2010 | 2b | Prospective cohort | Passive 1. Environmental tobacco | Diagnosis of AR by age | Environmental tobacco exposure
study smoke exposure; 3 years has no effect on the

2. No exposure development of AR by age 3
years.

2009 | 2b | Prospective cohort | Passive Matemal smoking vs no | Diagnosis of AR over | There was no association
study smoke exposure with: the first 10 years of between maternal smoking and

1. 2 Allergic parents; life the development of AR
2. 1 Allergic parent; regardless of the allergic status
3. Non-allergic parents of the parents.
2008 | 2b | Prospective cohort | Active 1. Current smoking; Self-reported SAR or | Smoking more than 15
study 2. No current smoking PAR cigarettes/day was associated
with a decreased risk of SAR.
) | 1997 | 2b | Prospective cohort | Active 1. Lifetime nonsmokers; | Chronic rhinitis, SAR, | No association between smoking
study 2. Ex-smokers (=1 or perceived nasal and seasonal AR. Significant
month); hyperresponsive- association between chronic
3. Current smokers ness rhinitis and current smoking.

1994 [ 2b | Prospective cohort | Passive 1. Matemal smoking; Physician diagnosed | No significant association
study 2. No smoking in the first | AR at age 6 years between maternal smoking and

year physician diagnosed AR.

2014 | 3a | SRof predominantly | Passive 1. Exposure to passive Diagnosis of AR Most studies did not show a
case-control smoking; relationship between passive
studies 2. No exposure to passive smoke exposure and AR.

smoking

- [

]

Evidence for the effect of active and passive tobacco smoke exposure on the development of allergic rhinitis

tis:

LOE = level of evidence: PAR = perennial alleraic rhinitis: SAR = seasonal alleraic rhinitis: SR = svstematic review.
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Section VI Risk factors for allergic rhinitis

VI.F. pg. 149 Socioeconomic factors

» Lifetime prevalence of hay fever was historically elevated in
patients of high social economic status (SES) compared to low

» Positive association between hay fever and high social class was
reported in Britain between 1958-1970

» In Western world before 1970 high SES was a risk factor for AR, but
among children in the same regions after 1990 low SES, particularly
early in life, seemed to be a risk factor
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Socioeconomic factors

» Currently there is conflicting evidence regarding the association
between SES and AR

» Most studies show an association between high SES and the
diagnosis of AR

» Overall SES is likely a proxy for various exposures

» Number of siblings, viral infections, exposure to tobacco smoke,
housing conditions and location, allergen exposures, dietary
factors, nutrition including breastfeeding and general diet

» Aggregate Grade of Evidence: C
» Level 2b: 4 studies
» Level 4: 6 studies
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Section VI Risk factors for allergic rhinitis

VI.G.1 pg. 152 Protective factors against allergic rhinitis- breastfeeding

» Breast milk is an immunologically complex solution, containing
multiple compounds that support infant growth and facilitate the
Infant immune response

» Breastfeeding is associated with several beneficial effects on
mother and child health and therefore has been recommended
for all infants
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Breastfeeding

TABLE VI.G.1. Evidence for the effects of breastfeeding on the development of allergic rhinitis’

=

Study
Study Year LOE design Study groups Clinical endpoint Conclusion
Lodge et al 524 2015 3a SR Association between breastfeeding Development of Nonsignificant protective effect
and AR AR overall. Protective benefit for
children under 5 years old, but not
over 5 years old.
Mimouni Bloch 2002 3a SR Prospective studies evaluating the Development of Protective effect close to statistical
etal 52 effects of exclusive breastfeeding AR significance in the general
for the first 3 months on AR population but not in children with
development a family history of atopic disease.
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.,
=B ICAR
)
(O ]
. International Consensus
in Allergy & Rhinology

A5




Breastfeeding

>

Aggregate Grade of Evidence: C (Level 3a: 2 studies)

Benefit: Possible benefit from breastfeeding with reduction in AR, especially
seen in young children.

Harm: None. No studies have shown harm with breastfeeding for 6 months.

v

Cost: Low.
Benefits-Harm Assessment: Possible benefit with no harm.

Value Judgments: There is evidence that breastfeeding may reduce the risk of
AR with no perceived harm. Given the general benefits to the mother and
child, breastfeeding for 4 months and possibly 6 months has been advocated.

» Policy Level: Option for breastfeeding for the specific purpose of AR
prevention, based upon current evidence. In general, breastfeeding has been
strongly recommended due to its multiple benefits.

» Intervention: Breastfeeding is generally encouraged for at least 4 months due
to its multiple benefits. When specifically related to the prevention of AR,
breastfeeding is an option.
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Section VI Risk factors for allergic rhinitis

VI.G.2. pg. 152 Childhood exposure 1o pets

» Early pet exposure may induce immune tolerance and thus reduce the
chance of development of allergic disease

» Systemic review of 62 studies- most showed early exposure to dog
antfigen was protective for sensitization against aeroallergens

» Cross-sectional studies reported inconsistent associations between cat

or dog exposure and sensitization and development of atopic diseases
later in life

» There is no clear evidence that pet avoidance in childhood prevents the
development of AR of sensitization to aeroallergens later in life

» In a pooled analysis of 11 European birth cohorts any furred pet
ownership during the first 2 years was associated with lower risk of
sensitization to aeroallergens, but not decreased prevalence of AR
later in childhood
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Childhood exposure to pets

>
>

Overall, pet allergens are ubiquitous

There is no evidence that pet avoidance in childhood prevents the
development of AR or sensitization of aeroallergens later in life

Alternatively, early exposure to pets may induce immune ftolerance
and thus reduce the chance of development of allergic disease

Protective effect seems to be strongest in non-allergic families with
dog exposure in early childhood

Aggregate Grade of Evidence-: C

» Level 2a: 6 studies
» Level 2b: 2 studies
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Section VI Risk factors for allergic rhinitis

VI.G.3. pg. 153 Hygiene

» Hygiene hypothesis- exposure to frequent infections in large families
is a protective factor in the development of AR¢'8

» Hygiene hypothesis has evolved toward a more contemporary
“biodiversity hypothesis”

» Potential protective effect related to the colonization of mucus
membranes and the skin with diverse environmental microflora
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Section VI Risk factors for allergic rhinitis

VI.G.3. pg. 153 Hygiene

» Siblings- Higher number of siblings is associated with decreased
atopy

» Metanalysis of 53 studies, 38 studies showed that higher number
of siblings was associated with decreased atopy

» Farming- Risk of sensitization was 40% lower among subjects who
had lived on a farm during the first year of life

» The protective farm effect seems to be stronger when exposed

to farm animals and stables and greatest with highest exposure
occurring early in life

» Bacterial endotoxins- Exposure to bacterial endotoxins in infancy
may have a protective effect
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Hygiene- microbial diversity

>

Changes in lifestyle, urbanization, diet, and use of antibiotics have
changed the microbiota of the environment, human skin and
mucosal membranes.

Differences in the microbiota may explain the difference in atopic
disease between rural and urban areas

Urbanization reduces microbial diversity
Skin microbiota may be associated with protection from atopy

Probiotics- meta-analysis of 29 randomized controlled studies show
no significant association of probiotics supplementation with
sensitization or allergic rhinitis
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» Hygiene is important to prevent » Aggaregate Grade of Evidence: B
infections

» Level 2a: 2 studies
> Ul’bCII:WIZCITIOH f|rs’[ N offluen.’r and > Level 2b: 10 studies
later In developing countries has

led to reduced microbial diversity > Level 3a: 2 studies
In the environment » Level 3b: 1 studies

» Large microbial diversity of the
skin, airways and gut in childhood
Is important for the prevention of
sensitization and allergic disease
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Section VII. Disease burden

VII.LA.1 pg. 157 Effect of quality of life

» AR patients suffer from significantly decreased quality of life due to
Impact on both physical and mental health

» The most commonly used general QOL instruments in AR literature

» Short form 12, Short form 36, Rhinoconjunctivitis quality of life
questionnaire

» Extranasal symptoms, particularly ocular symptoms have a
significant impact on QOL and should not be ignored in the
evaluation and management of AR
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Individual burden- effect of quality of life

» Successful freatment of AR with topical nasal corticosteroids,
antihistamines or AIT leads to improvement in symptoms and
QOL

» RCT examined monotherapy vs polytherapy and showed the
combination of mometasone with either levocetirizine or
Montelukast led to greater symptom control and QOL
improvement than mometasone alone

» RCT of acupuncture vs medical therapy showed improvement
in QOL in both groups but degree of improvement larger in the
acupuncture group

» Allergy immunotherapy RCT show improvement in QOL
measures in treatment arm compared to placebo arm
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Individual burden- effect on quality of life

» Aggregate Grade of Evidence: B

» Benefit: Successful management of AR leads to improved overall and disease-
specific QOL.

» Harm: Management strategies for AR are associated with variable levels of
harm and further specified in Section IX.

» Cost: Management strategies for AR are associated with variable levels of cost
and are further specified in Section IX.

» Benefit-Harm Assessment:. The benefits of treating patients with AR to improve
QOL may outweigh risks of treatment.

» Value Judgments: Successful control of AR symptoms leads to important
improvements in generic and disease specific QOL.

» Policy Level: Recommend treatment of AR to improve QOL.

» Intervention: AR patients may be offered various management strategies to
improve general and disease-specific QOL.
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Section VII. Disease burden
VIILA.2. pg. 157 Effect on sleep

» AR negatively impacts sleep and the successful tfreatment of AR
reduces sleep disturbance

» AR has been associated with worse sleep fragmentation and
snoring

» Studies demonstrate that AR patients have improvements in
sleep quality and daytime sleepiness, in addition to sinonasal
symptoms and QOL after treatment with nasal corticosteroids or
a combination of corticosteroids and montelukast
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Effect on sleep and OSA

» Treatment of AR has been suggested to improve CPAP compliance
iIn patients with OSA

» AR patients have worse PSG parameters and sleep disturbance
when their symptoms are present or during peak allergen season

» In children, level 2 and 3 studies suggest AR is associated with sleep
disturbance in the form of increased risk of snoring, sleep
disordered breathing, and OSA

» ARhas been suggested 1o be a risk factor for deterioration of OSA
QOL after adenotonsillectomy
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Effect on sleep

» Agaregate Grade of Evidence: B

Benefits: Successful management of AR leads to decreased sleep disturbance.

Harm: Management strategies for AR are associated with variable levels of
harm and are further specified in Section IX.

» Costs: Management strategies for AR are associated with variable levels of
cost and are further specified in Section IX.

» Benefits-Harm Assessment: The benefits of tfreating patients with AR for
symptoms of sleep disturbance may outweigh risks of freatment

» Value Judgement: Successful control of AR symptoms leads to improvement in
sleep.

Policy Level: Recommend treatment in AR to decrease sleep disturbance.

Intervention: AR patients may be offered various management strategies to
improve sleep.
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Section VII. Disease burden

VII.B. pg. 164 Societal burden

» AR ranks 5" among chronic conditions in the United States
» AR s the most common chronic disorder in the pediatric population
» Estimated annual direct costs of AR is $2-5 billion

» Direct costs include physician appointments, medication, lab fests,
Immunotherapy

» Hidden direct costs include treatment of comorbid conditions that
occur at an increased incidence in patients with AR

» More than 50% of the direct costs come from prescription
medicafion

» Indirect costs make up the majority of the burden of AR

» Indirect costs include absenteeism, presenteeism, impaired
productivity
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Societal burden

» In US AR results in 3.5 million lost workdays, 2 million lost school days
annually

» In asurvey of 8,000 U.S. employees, 55% reported AR symptoms for
an average of 52.5 days/year, missing 3.6 days of work/year
because of AR and reported being unproductive 2.3 hours per

workday when symptomatic

» Blanc et al. reported more than 1/3@ of AR patients with reduced
workplace performance
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Societal burden

» Health impairments associated with AR may effect sleep, result in
daytime sleepiness, impair cognition and memory, may effect the
learning process and impact school/work performances

» AR poses a substantial societal burden to individuals and society

» AR canreduce productivity and QOL and can contribute to
comorbid conditions resulting in a significant impact to the overall
health system
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Section VIll. Evaluation and diagnosis

VIII.A. pg. 165 Clinical examination- History

» History taking includes the type of symptoms experienced, timing/
duration of symptoms, frequency of symptoms, environmental
exposures friggering symptoms, medications or other measures
used to relieve or exacerbate symptoms

» Patients with suspected AR present with multiple complaints with
26% presenting with 2 or more symptoms

» Rhinorrheaq, sneezing, sniffing, hyposmia/anosmia, nasal
obstruction, and itchy nose rank highest for diagnostic utility
among symptoms of AR

» In clinical practice the diagnosis of allergic rhinitis is often made by
history alone
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Classic symptoms of allergic rhinitis- Nasal congestion or
obstruction, nasal pruritis, clear rhinorrhea, sneezing

Associated symptoms of allergic rhinitis- anosmia/hyposmia, post
nasal drip, ocular prurifis, erythema, tearing, oral or pharyngeal
pruritis, sore throat, wheezing, cough, sleep disordered breathing,
aural congestion

PMH- elicit comorbid condition such as asthma, OSA
Family history of atopic disorders

Social history- pets, work exposures, home environment
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Section VIll. Evaluation and diagnosis

VIII.LA. pg. 166 Physical exam

» Physical signs- mouth breathing, transverse supratip crease,
periorbital edema, allergic shiners

» Examination of the ear- retraction of the tympanic membrane,
transudative fluid

» Examination of the nose- inferior turbinate hypertrophy, congested/
edematous nasal mucosa, purplish/bluish nasal mucosa, clear
rhinorrhea

» Examination of the eyes- conjunctival erythema and/or chemaosis

» Physical examination alone is a poorly predictive and more
variable when compared to history taking in the diagnosis of AR
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Evaluation and diagnosis

» Agaregate Grade of Evidence: D

» Benefits: Improve accuracy of diagnosis, avoid unnecessary referrals, testing, or
treatment. Possible improved diagnosis of AR with physical examination findings,
evaluation/exclusion of alternative diagnosis.

» Harm: Possible patient discomfort from routine examination, not inclusive of endoscopy.
Potential misdiagnosis, inappropriate treatment.

» Cost: Minimal

» Benefits-Harm Assessment: Preponderance of benefit over harm, potential misdiagnosis
and in appropriate treatment if physical exam used in isolatfion

» Value Judgement: Making a presumptive diagnosis of AR on history is reasonable and
would not delay tfreatment initiation. Confirmation with diagnostic testing is required for
progression to AlT, or desirable with inadequate response to initial freatment.

» Policy Level: Recommendation.

» Intervention: History taking is essential in the diagnosis of AR. Physical examination is
recommended in the diagnosis of AR, and when combined with patient history, it
increases diagnostic accuracy and excludes alternative causes.
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Section VIl Evaluation and diagnosis
VIII.B. pg. 166 Nasal endoscopy

» Nasal endoscopy is an option for evaluation of suspected AR

» Endoscopic findings with AR inconsistent, however, endoscopy may
aid in the identification or exclusion of other possible causes of
symptoms such as nasal polyps, or CRS

» May aid diagnosis of central compartment atopic disease (CCAD)-
centrally-located inflammation involving the middle/superior
turbinate or superior nasal septum

» Brunner et al evaluated patients with CRSWNP vs isolated
polypoid change of middle turbinate

» Higher prevalence of AR in patients with middle turbinate
polypoid change (83% vs 34%) supporting CCAD as a unique
atopic condition
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Nasal endoscopy

» Aggregate Grade of Evidence: D

» Benefit: Possible improved diagnosis with visualization of turbinate contact
or isolated central compartment edema.

v

Harm: Possible patient discomfort.

v

Cost: Moderate equipment and processing costs, as well as procedural
charges.

Benefits-Harm Assessment: Equal.

Value Judgments: None.

Policy Level: Option.

vV v v Vv

Intervention: Nasal endoscopy may increase diagnostic sensitivity among
children and adults with AR and may aid in ruling out other causes for
nasal symptoms.
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Section VIl Evaluation and diagnosis

VIII.C. pg. 167 Radiology

» Routine radiographic imaging is not recommended for diagnosis of
AR

» May be used to rule in/out other conditions (rhinosinusitis)

» Concerns regarding unnecessary exposure to ionizing radiation,
with the risk for future cancer development, preclude
recommendation for routine use
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Radiology

» Aggaregate Grade of Evidence: Not applicable

» Benefit: none appreciated

» Harm: Unnecessary radiation exposure with concern for tumor
development.

» Cost: High equipment and processing costs.

» Benefits-Harm Assessment: Preponderance of harm over benefit.

» Value Judgments: Long-term risks of unnecessary ionizing radiation
exposure outweigh potential benefit.

Policy Level: Recommend against.

» Intervention: Routine imaging is not recommended in the evaluation of
suspected AR, but may be considered to rule in/out other sinonasal
conditions.
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Section VIl Evaluation and diagnosis

VIII.LD pg. 168 Use of Validated Survey Instruments

» Validated Surveys
» Offer structured way to expose important historical elements
» Particularly helpful when testing or imaging unavailable

» May be useful to determine effectiveness of therapy
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Use of validated survey

» Aggregate Grade of Evidence: A

» Benefit: Validated surveys offer a simple point-of-care option for
screening and tracking symptoms, QOL, and conftrol of allergic disease

» Harm: Minimal fo none

» Cost: No financial burden to patients. Some fees associated with
validated tests used for clinical research

» Balance of benefit and harm: Preponderance of benefit over harm

» Value Judgments: Level 1 evidence to use validated surveys as a
screening tool and primary or secondary outcome measure

» Policy level: Strong Recommendation

» Infervention: Validated surveys may be used to screen for AR, follow
treatment outcomes, and as a primary outcome measure for clinical

A A trials.
A J/
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Section VI Evaluation and diagnosis

VIII.LE.T pg. 170 Skin prick testing

» Useful to Confirm Diagnosis of AR
» Useful to Direct AIT

» Crosslinks IgE on cutaneous Mast cells resulting in release of
Mediators (histamine et al) which causes wheal and flare within
15-20 minutes

» Rare reports of anaphylaxis; no fatalities

» Confraindications: severe asthma, uncontrolled CV disease, beta-
blocker use, pregnancy

» Sensitivity and Specificity around 80%
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Skin prick testing

» Aggregate Grade of Evidence: B

» Benefit: Supports diagnosis and directs pharmacological therapy while possibly
avoiding unnecessary or ineffective freatment; guides avoidance; directs AIT

» Harm: Adverse events from testing including discomfort, pruritus, erythema,
worsening of asthma symptoms, and anaphylaxis, inaccurate test results, and
misinterpreted test results.

» Cost: Low
» Balance of benefit and harm: Preponderance of benefit over harm

» Value Judgments: Patients can benefit from identification of their specific
sensitivities. SPT is a quick and relatively comfortable way to test several antigens
with accuracy similar to other available methods of testing.

» Policy level: Recommendation

» Infervention: SPT is recommended for evaluation of allergen sensitivities in
appropriately selected patients. Regular use of the same SPT device will allow
clinicians to familiarize themselves with it and interpretation of results may therefore
be more consistent. The use of standardized allergen extracts can further improve
consistency of interpretation.
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Section VIl Evaluation and diagnosis

VIII.LE.2. pg. 173 Skin intradermal testing

Diagnosis of AR

Primary Testing Modality or Secondary following SPT
Determining Starting Point for AIT

Vial Test

Evaluation of Sensitivity to other substances

vV v v Vv VvV

» local anesthetics, neuromuscular blockers, antibiotics, contrast
media

» foods

» use for suspected food or chemical allergies not recommended
in routine practice
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Skin infradermal testing

» Technigque: 0.02mL injected with short bevel needle to produce 4
mm wheal and expanding to 5 mm by hydrostatic force

Positive control: Histamine

Negative control: Phenolated saline and glycerin

Observe 10 minutes

Positive result at least 7 mm (2mm wider than glycerin control)
Technically more demanding than Skin Prick Testing

Difficult to perform in young children

vV v v v v VvV Vv

Adverse events rare (5 fatalities between 1945-1987)
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Skin infradermal testing

» Aggregate Grade of Evidence: B

» Benefit: G.e_n.erallpwell tolerated, easy to perform, and a favorable level of sensitivity
and specificity when used as a stand-alone diagnostic test

» Harm: Very low risk of severe adverse reactions
» Cost: Low

» Balance of benefit and harm: Benefit over harm when used as a stand-alone
diagnostic test. Balance of benefit and harm when used to confirm the results of
SPT, as a quantitative diagnostic test, or as a vial safety test.

» Value Judgments: It is important to determine the presence of IgE-mediated
sensitively for individuals with suspected AR. If SPT is negative, there is imited clinical
benefit to performing infradermal testing for confirmation.

» Policy level: Option for using IT as a stand-alone diagnostic test for individual with
suspected AR. Option for using IT as a confirmatory test following negative SPT for
non standardized allergens. The evidence for quantitative IDT is sparse and prevents
a recommendation for this specific testing technique.

» Infervention: IT may be used to determine specific airborne allergen sensitization for
individuals suspected of having AR.
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Section VIll. Evaluation and diagnosis

VIII.LE.3. pg. 177 Blended Skin Testing Techniques

>
>
>
>

Uses Both SPT and IDT to establish endpoint
Modified Quantitative Testing (MQT)
AIT based on MQT shown successful
Advantage

» Less fime consuming

» Qualitative and Quantitative data

» Disadvantage: Additional risk and time involved in placing
infradermal portion of test

» More Cost effective than IDT and In Vitro testing
» If AR 20% prevalence in population

/ A WA ¥ .
\
N A ﬁ: J I C A R American
/ % \ . /
! / /_‘:‘x {:2, o International Consensus N RhlﬂO/Ogl(

Society




Blended skin testing technique

» Aggregate Grade of Evidence: D
» Benefit: Ability to establish an endpoint in less time than IDT.

» Harm: The additional risks, including systemic or anaphylactic
reactions, of infradermal test; additional time and discomfort.

» Cost: Similar to infradermal testing.
Balance of benefit and harm: Benefit outweighs harm.

» Value Judgement: AIT can be inifiated from SPT results alone;
however, endpoint-based AlIT may decrease time to reaching
therapeutic dose.

v

» Policy Level: Option

» Infervention: MQT is a skin testing technique that may be used to
determine a starting point for AlT.
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Section VIII. Evaluation and diagnosis

VIII.LE.4. pg. 177 Issues that affect the performance or interpretation of skin tests

» Medications
» Antihistamines (H1 and H2 blockers)
» Including topically administered antihistamines
Tricyclic Antidepressants (e.g. Doxepin)
Omalizumab
Leukotriene receptor antagonists do not appear to interfere
Topical Steroids have been shown to suppress wheal and flare

Pojrre Systemic have not been shown to reduce responses on skin
es

Intranasal or Inhaled steroids - No studies examining effect on skin
test results

» Appropriate Positive control (Histamine) helps to mitigate risk of
false-negative result from medications
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Issues affecting performance or interpretation of skin testing

» Skin Conditions
» Dermatitis
» Physical Trauma
» Skin color
» Dermatographism - may have exaggerated responses

» Due to lack of published studies on this topic, an Aggregate
Grade of Evidence and evidenced based recommendations

cannot be made.
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Section VIII. Evaluation and diagnosis

VIII.LF.1. pg. 182 Serum total IgE (tIgE)

» Total IgEis frequently increased in AR
» Modest clinical utility

» Literature presents divergent studies that fail to find consistent role
or value for fIgE in AR management

» Ratio between allergen-specific and tIgE may be useful in
predicting AlT effectiveness
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Serum total IgE

Aggregate Grade of Evidence: C
Benefit: Possibility to suspect allergy in a wide screening
Harm: Low level does not excuse allergy

Cost: Moderate cost of test.

vV v v Vv VvV

Benefits-Harm Assessment: Slight preponderance of benefit over
harm. In addition, the raftio tIgE/sIgE may be useful.

v

Value Judgments: The evidence does not support a routine use.

v

Policy Level: Option.

» Infervention: Total IgE assessment is an opfion to assess atopic
status
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Section V. Evaluation and diagnosis

VIII.LF.2. pg. 185 Serum antigen-specific IgE (sIgE)

» RAST introduced in 1967

» Process:
» Allergens are bound to a substrate
» SIgE from patient’s serum binds to specific allergens
» non-human anti-IgE tagged with marker is added
» Analyzer reads the intensity of the tags

» Intensity of the reaction is proportional to the amount of sIgE in the
patient’s serum

» Benefits:
» Highest Safety Profile
» Noft limited by certain medical conditions or skin conditions
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Serum-antigen specific IgE

» Similarities and Differences between skins testing and
SIgE

» Skin testing allows immediate feedback and visible results
resulting in patient preference

» Neither skin or sIgE testing can definitively predict the severity of
sensitivity to aeroallergen

» Cross-reacting allergens and poly-sensitizations can confound
both leading to false positive results

» sSIgE use more extensively quality-controlled allergens and
defined human serum conftrols
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Serum antigen-specific IgE

» Multiallergen screens: sIgE provides option to rule in or out allergy
as driving factor behind symptoms without subjecting patients to
time and most of full testing battery

» Levels of sIgE correlate with severity of AR symptoms and may help
in selections of candidates for AlT because more severely
symptomatic patients have been shown to respond better to AIT

» In situations with polysensitized patients, sIgE levels can help
discriminate the most relevant allergen and guide AlT
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Serum antigen-specific IgE

vV v v v VvV Vv

Sensitivity 67-96%

Specificity 80-100%

Correlates with NPT and SPT in diagnosis for AR
In many ways, equivalent to SPT

Acceptable alternative to skin testing

Safe in patients who are not candidates for skin testing
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Serum antigen-specific IgE

» Aggregate Grade of Evidence: B

» Benefit: Confirms sensitization in support of AR diagnosis and directs
appropriate therapy while possibly avoiding unnecessary/ineffective
treatment; guides avoidance measures; directs AlT

» Harm: Discomfort from blood draw, inaccurate test results, false-positive results,
and misinterpreted test results

» Cost: Moderate cost of testing
» Balance of benefit and harm: Preponderance of benefit over harm

» Value Judgments: Patients can benefit from identification of their specific
sensitivities. Safe and effective alternative patients who cannot undergo skin
testing

» Policy level: Recommendation

» Recommendation Intervention: Serum sigE sting may be used in the evaluation
of AR. Using standardized allergens and rigorous proficiency testing on the part
of lab may Improve accuracy.
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Section VIll. Evaluation and diagnosis

VIII.LF.3 pg. 186 Correlation between skin and in vitro testing

» Modern Skin Prick Testing (SPT) can be up to 25% more sensitive than sIgE
(Average pooled sensitivity is 856%, which is slightly higher than serum IgE
testing).

» SPT generally costs about one half as much as sIgE

» SPT test measurements are directly observable within 20 minutes (much
faster than lab reports)

» SPTis accurate and combined with a detailed clinical history can confirm
the diagnosis of allergic rhinitis

» Sensitivity and specificity depends on allergen tested, quality of reagents,
methodologies employed and technician expertise and patient
demographics

B

NS NS
e}
>
P

American
International Consensus i Rhinologic

Society



Correlation between skin and in-vitro testing

» In vitro testing:

» Avoids the need to withhold medications that can affect skin
testing

» Allows for testing of individuals with dermatographism or other
widespread skin disorders

» The cutoff for positive tests affects both sensitivity and specificity

» Immunocap was superior to SPT in measuring Dust mite
sensitivity in Korean populations > 50 years old for House Dust
Mites

» Safe (no risk of anaphylaxis)
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Correlation between skin and in-vitro testing

» Skin testing and sIgE serology portend unique biologic functions. The two
tests are not fully inferchangeable

» Serum IgE testing measures circulating IgE that may or may not represent
downstream allergic responses

» SPT and IDT measure end organ pathological mechanisms associated with
sIgE bound to the surface of mast cells

» SPTis often chosen as a first line diagnostic instrument based on accuracy,
convenience, cost and promptness of results

» DT has a higher sensitivity than SPT but lower specificity for all allergens
tested

» |DTis asecond line test that can be ordered to determine reactivity if
clinical suspicion is high
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Correlation between skin and in-vitro testing

Aggregate Grade of Evidence: B

References: 1. Wood RA, Phipatanakul W, Hamilton RG, Eggleston PA. A
comparison of skin prick tests, infradermal skin tests, and RASTs in the diognosis of
cat allergy. J. Allergy Clin Immunol. 1999;103:773-779. 2. Centers for Medicare and
Medicaid Services. Clinical laboratory Fee Schedule.
hitps.//www.cms.gov/Medicare/Medicare-Fee-for-Service-Payment/
ClinicalLabFeeSched/. 3. Nevis IF, Binkley K, Kabali C. Diagnostic accuracy of skin-
prick testing for allergic rhinitis: a systematic review and meta-analysis. Allergy
Asthma Clin Immunol. 2016;12:20. 4. Tversky JR, Chelladurai Y, McGready J,
Hamilton RG. Performance and pain tolerability of current diagnostic allergy skin
prick test devices. J Allergy Clin Immunol Pract. 2015;3:888-893. 5. Choi IS, Koh YI,
Koh JS, Lee MG. Sensitivity of the skin prick test and specificity of the serum-
specific IgE test for airway responsiveness to house dust mites in asthma. J Asthma.
2005;42: 197-202. 6. Jung YG, Cho HJ, Park GY, et al. Comparison of the skin-prick
test and Phadia ImmunoCAP as tools to diagnose house-dust mite allergy. Am J
Rhinol Allergy. 2010;24:226-229. Nelson HS, Oppenheimer J, Buchmeier A, Kordash
TR, Freshwater LL. An Assessment of the role of infradermal skin testing in the
%j(i?%%r;c;si]s]%%c]li%ﬁolly relevant allergy to Timothy grass. J Allergy Clin Immunol.
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Section VIII. Evaluation and diagnosis

VIIl. F.4. pg. 190 Nasal specific IgE

» Many patients with allergic rhinitis have local allergic phenomenon
(LAR) in the nasal mucosa with

» sIgE in the nasal mucosa

» Class switching and antfibody production in the nasal mucosa

» Some patients with a clinical history of AR have negative SPT and/
or sIgE testing

» Given diagnosis of idiopathic rhinitis, vasomotor rhinitis or Non allergic
rhinitis
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Nasal specific IgE

» Many of these patients have local allergic phenomenon or LAR.
» LAR may affect > 45% of patients otherwise categorized as NAR

» LAR may be present in up to 25% of patients referred to allergic
clinics with suspected AR

» LAR can be seasonal or perennial
» Low rate of conversion of LAR to AR

» The incidence of LAR in Elderly patients with rhinitis has been
reported as high as 21%
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Nasal specific IgE

>

>

The diagnosis of LAR is confirmed by positive response to NPT and
evidence of sIgE in the nasal secretions

The local production of nasal mast cells, eosinophils and sIgE

rapidly increases after allergen specific stimulation in the nasal
mMucosa

Different methods of identifying nasal sigk have been reported but
no gold standard has been agreed on

Normative data for nasal sIgk levels and their clinical correlations
have yet to be agreed upon
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Nasal specific IgE

» Aggregate Grade of Evidence: C

» Value judgment: Standards for abnormal levels of nasal IgE have not been established nor
correlated with clinical outcomes

» Policy level: Option

» References: 1. Platts-Mills TA. Local production of IgG, IgA and IgE antibodies in grass
pollen hay fevere. JImunol. 1979;122:2218-2225. 2. Takhar P, Smurthwaite L, Coker HA, et
al. Allergen dries class switching to IgE in the nasal mucosa in allergic rhinitis. J Immunol.
2005;174:5024-5032. 3. Rondon C, Campo P, Togias A, et al. Local allergic rhinitis:
concept, pathophysiology, and management. J Allergy Clin Immunol.
2012;129:1460-1467. 4. Rondon C, Campo P, Zambonino MA, et al. Follow-up study in
local allergic rhinitis shows a consistent entity not evolving to systemic allergic rhinitis. J
Allergy Clin Immunol. 2014; 188:1026-1031. 5. Rondon C, Campo P, Galindo L, et al.
Prevalence and clinical relevance of local allergic rhinitis. Allergy. 2012;67:1282-1288. 6.
Rondon C, Dona |, Lopez S, et al. Seasonal idiopathic rhinitis with local inflammatory
response and specific IgE in absence of systemic response. Allergy. 2008;63:1352-1358. 7.
Bozek A, Ignasiak B, Kasperska-Zajac A, Scierski W, Grzanka A, Jarzab J. Local allergic
rhinitis in elderly patients. Ann Allergy Asthma Immunol. 2015;114:199-202. 8. Rondon C,
Fernandez J, Lopez S, et al. Nasal inflammatory mediators and specific IgE production

/ / after nasal challenge with grass pollen in local alleraic rhinitis. J Allergy Clin Immunol.
LA LA 2009;124:1005-1011. el. :
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Section VIll. Evaluation and diagnosis

VIIILE.5. pg. 193 Basophil activation test (BAT)

» An ex vivo peripheral blood test shown to be useful in the diagnosis
of allergy to food and drugs and hypersensitivity syndromes

» Useful when first line tests are discordant with clinical history
» Useful for monitoring of allergen immunotherapy

» BAT is useful in defining the allergen responsible for LAR in patients
with high false negative results using first line tests

» The basophil sensitivity or elicitating concentration (EC-50) can be
used to monitor the tfreatment affect of AlIT and anti-IgE therapy
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Basophil activation test

» Small scale trials performed evaluating utility and reliability of BAT
testing for

» Specific allergens related to the AR symptoms
» Monitoring therapy
» Methodology was heterogeneous between trials

» BAT is rarely required but has been shown to be comparable with
traditional allergen testing methods
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Basophil activation test

» Aggregate Grade of Evidence: B (Level 1b: 2 studies;
» Level 2b: 2 studies; Level 3b: 8 studies; Level 4: 3 studies;
» Table VIILE.5).
» Benefit: Ex vivo test, patient discomfort minimal, less
» time consuming than nasal provocation and SPT for patient,
» reliable correlation between clinical symptoms and
» basophil sensitivity when measuring response to therapy,
» no risk of anaphylaxis compared to provocation testing.
» Harm: None known.
» Cost: Requires proximity of laboratory trained in basophil
» testing. Cost of testing.

> Benefits-Harm Assessment: Balance of benefit over harm.
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Basophil activation test, cont.

Value Judgments: Basophil sensitivity may be a useful

marker for following response to immunotherapy. Differences
in BAT methodology for diagnosis of AR and

rare need for laboratory tests to diagnose AR make it

likely to be implemented for diagnosis in tertiary care

centers only.

Policy Level: Option.

Intervention: BAT is an option for AR diagnosis when

first-line tests are inconclusive or for measuring response

to AlT. Many small-scale studies have been completed.
There is scope for meta-analysis and for larger trials to

be completed.

> eB iég; ) C American
/J:‘:v g / !1 (((((( ionemagsus ( ‘ ; Rh’n0/()gl(

Society

vV Vv vV v v vV VvVvVvVvYVvy YV Yy




Section VIll. Evaluation and diagnosis

VIIl. F.6. pg. 193 Component resolved diagnosis

» Used to define allergen sensitization of a patient at the individuadl
protein level

Allows identification of the potential disease eliciting molecules
Can improve diagnostic accuracy
Distinguish cross reactivity phenomenon from co-sensitization

Resolve low risk markers from high risk markers of disease activity

vV v v VvV VY

Improve the indication and selection of suitable antigens for AlT
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Component resolved diagnosis

» Demonstrated to be cost effective in some scenarios

» Certain patterns of sensitization may identify patients with higher
risk of adverse reaction during AlT

» Allin vitro testing should be evaluated along side the clinical history
(sensitization doesn’t always equal clinical responsiveness)
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Component resolved diagnosis

» Measured using a fluorescence enzyme immunodassay
» Singleplex and multiplex platforms are available

» Sensitivity of the multiplex platform is lower than that of the
singleplex platform

» Multiplex platforms with 112 allergens are available
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Component resolved diagnosis

» Can better define the sensitization to inhalant allergens in patients that
are:

» Polysensitized

» Have unclear symptoms and/or sensitization patterns

» Not responding to freatment

» Remains a 3@ level approach (not a screening method)
Evidence Grading is not available.

References: 1. Sastre J. Molecular diagnosis in allergy. Clin Exp Allergy. 2010;40:1442-1460.
2. Canonica GW, Ansotegui IJ, Pawankar R, et al. A WAO-ARIA-GA-LEN consensus document
on molecular-based allergy diagnostics. World Allergy Organ J. 2013;6:17. 3. Sastre J, Sastre-
lbanez M. Molecular diagnosis and immunotherapy. Curr Opin Allergy Clin Immunol.
2016;16:565-570. 4. Sastre J. Molecular diagnosis and immunotherapy. Curr Opin Allergy Clin
Immunol. 2013;13:646-650. 5. Sastre J, Rodriguez F, Campo P, Laffond E, Marin A, Alonso MD.
Adverse reactions to immunotherapy are associated with different patterns of sensitization to
/ A grass allergens. Allergy. 2015;70:598-600.
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Section VIll. Evaluation and diagnosis

VIILLG. pg. 196 Sensitization vs. clinical allergy

» IgE mediated sensitization is a risk factor for rhinitis
» The strength of this association is not constant

» Patients are diagnosed as being sensitized based on a positive SPT (> 3 mm
wheal) or a positive specific serum IgE (> 0.35)

Both tests can be positive in the absence of symptoms

» Neither positive SPT nor IgE can confirm the expression of rhinitis upon
allergen exposure

» Clear distinction has to be made between sensitization and clinical allergic
disease

» Quantification of blood or skin tests using sIgE titer and SPT wheal size
increases the specificity of the allergy tests with regards to the presence
and severity of allergic rhinifis
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Sensitization vs. clinical allergy

» Whole allergen extract vs individual allergenic molecules

» Positive test to whole allergen extract may reflect sensitization to
A Cross reactive components.

» Measuring sensitization to individual allergen molecules (CRD)
may be more informative than standard tests using whole

extracts.

» Distinct patterns of IgE responses to different families are
associated with different clinical symptomes.

» The risk of allergic disease increases with increasing sensitizations
to individual allergenic proteins.

» Age of onset of sensitization is crucially important.
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Sensitization vs. clinical allergy

» Disaggregating atopic disease

>

Atopic sensitization is an umbrella term for several different atopic vulnerabilities which
differ in their association with rhinitis and asthma.

» BeyondIgE

>

>

A decreasing ratio of grass allergenic specific IgG/IgE antibodies is associated with
increasing risk of symptomatic SAR.

The IgG/IgE ratio may help distinguish between benign sensitization and pathologic
sensitization.

Measurement of allergenic specific IgG cannot as yet be recommended in a routine
clinical practice.

References: 1. Marinho S, Simpson A, Lowe L, Kissen P, Murray C, Custovic A. Rhinoconjunctivitis in a 5-year old children: a population-based birth cohort study.
Allergy. 2007;62L385-393. 2. Carroll WD, Lenney W, Child F, et al. Asthma seerity and atopy: how clear is the relationship? Arch Dis Child. 2006;91:405-409. 3.
Dreborg S, Frew A. Position paper: allergen standardization and skin tests. Allergy. 1993;48:49-82. 4. Roberts G, Ollert M, Aalberse R, et al. A new framework for
the interpretation of IgE sensitization tests. Allergy. 2016;71:1540-1551. 5. Marinho S, Simpson A, Soderstrom L, Woodcock A, Ahlstedt S, Custovic A.
Quantification of atopy and the probability of rhinitis in preschool children: a population-based birth cohort study. Allerg. 2007;62:1379-1386. Treudler R, Simon
JC. Overview of component resolved diagnostics. Curr Allergy Asthma Rep. 2013;13:110-117. 7. Valenta R, Lidholm J, Niederberger V, Hayek B, Kraft D,
Gronlund H. The recombinant allergen-based concept of component-resolved diagnostics and immunotherapy. Clin Exp Allergy. 1999;29:896-904. 8. Simpson
A, Lazic N, Belgrave DC, et al. Patterns of IgE responses to multiple allergen components and clinical symptoms at age 11 years. J Allergy Cllin Immunol.
2015;136:1224-1231. 9. Posa D, Perna S, Resch Y, et al. Evolution and predictive value of IgE responses toward a comprehensive panel of house dust mite
allergens during the first 2 decades of life. J Allergy Clin Immunol. 2017;139:541-549.e8. 10. Custovic A, Sonntag HJ, Buchan IE, Belgrave D, Simpson A, Prosperi
MC. Evolution pathways of IgE responses to grass and mite allergens throughout childhood. J Allergy Clin Immunol 2015;136:1645-1652.€8. 11. Lazic N, Roberts
G, Custovic A, et al. Mulfiple atopy phenotypes and their associations with asthma: similar findings from two birth cohorts. Allergy. 2013;68:764-770. 12. Holt PG,
Strickland D, Bosco A, et al. Distinguishing benign from pathiologic TH2 immunity in atopic children. J Allergy Clin Immunol. 2016;137:379-387.
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Secftion VIII Evaluation and diagnosis- sensitization vs clinical allergy

VIII.G pg. 197 Disaggregating atopic sensitization

» Atopic Sensitization” is not a single phenotype, but an umbrella
term for several different atopic vulnerabilities

» Different subtypes of atopy are characterized by a unique pattern
of the responses to different allergens and the timing of onset of
allergen- specific sensitization.
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Section VIII Evaluation and diagnosis- sensitization vs clinical allergy

VIII.G pg. 197 Beyond IgE

» Data suggest the decreasing ratio of allergen- specific IgG/IgE
anfibodies is associated with increasing risk of symptomatic SAR

» |gG/IgE ratio may help distinguish between “benign” sensitization
(sensitization with no symptoms) and “pathologic” sensitization

» But measurement of allergen- specific IgG cannot as yet be
recommended in a routine clinical practice
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Section VIII Evaluation and diagnosis- allergen challenge testing

VIII.H.1. pg. 198 Allergen challenge chambers (ACCs)

» Environmental exposure chambers (EECs) - used for decades for controlled
exposure of subjects to a well- defined atmosphere of a variety of substances

such as allergens, parficulate and gaseous air pollutants, chemicals, or
climate conditions.

Limited number of EECs world- wide.

Currently 15 adllergen challenge chamber (ACC) facilities around the globe
Contributed to our understanding of the pathophysiology of allergic diseases
Allergen exposure exacerbates atopic dermatitis

Pollen allergen fragments impact AR symptoms

vV v v v v Vv

Used in clinical drug development to study pharmacological properties of
new drugs during phase Il trials, such as dose-finding, onset of action, and
duratfion of action
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Section VIl Evaluation and Diagnosis

VIll. H.2. pg. 198 Local Allergen Challenge Tests

» Challenging the target organs of respiratory allergy (ie, nose,
bronchi, eye) with a suspected allergen is aimed at demonstrating
the actual clinical reactivity when the results of the initial allergy
tests (skin tests, in vitro measurement of sIgk) are inconclusive

» NPT nasal provocation test designed for AR

» CPT conjunctival provocation test for rhino-conjunctivitis or AR
alone
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