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Rhinitis describes a pattern of symptoms as a result of nasal inflammation and/or dysfunction of the nasal mucosa. It is an
umbrella entity that includes many different subtypes, several of which escape of complete characterization. Rhinitis is
considered as a pathologic condition with considerable morbidity and financial burden on health care systems worldwide.
Its economic impact is further emphasized by the fact that it represents a risk factor for other conditions such as sinusitis,
asthma, learning disabilities, behavioral changes, and psychological impairment. Rhinitis may be associated with many
etiologic triggers such as infections, immediate-type allergic responses, inhaled irritants, medications, hormonal
disturbances, and neural system dysfunction.
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| 1. Introduction

Rhinitis is an entity that includes many different subtypes and is mainly used to describe a pattern of nasal symptoms
such as nasal congestion/obstruction, rhinorrhea, sneezing and pruritus that appear as a result of inflammation and/or
dysfunction of the nasal mucosa RIZIEI4 There are three distinct rhinitis subgroups that are widely accepted: allergic
rhinitis (AR), infectious rhinitis, and non-allergic, non-infectious rhinitis (NAR) El. These phenotypes, however, are
dynamic and may develop into one another. Therefore, caution against oversimplification should be advised since an
overlapping or combined phenotype may exist in several patients BI8l. For phenotype classification, various criteria may
be used, including the severity of disease (mild, moderate/severe), pattern of symptoms (seasonal/perennial or
intermittent/persistent), predominant symptom (runners/blockers), possible triggering factor (allergens, infectious agents,
etc.) and response to treatment (controlled/uncontrolled) [EIEILA Recently, another disease categorization has been
proposed based on endotype, and grouping rhinitis depending on the specific pathophysiological pathway 2,

The prevalence of allergic rhinitis in the United States of America ranges from 9% to 42%, which is translated to
approximately 58-million people, when the prevalence of non-allergic rhinitis appears to be 19 million and mixed rhinitis
26-million people . In the UK, the prevalence reaches 26% in adults, with an observed peak in the third and fourth
decades of age 1112 Rhinitis is considered one of the most common medical conditions, with significant impairment of
quality of life. Apart from upper airway symptoms, sleeping and psychological disturbances, decreased work productivity
and school performance impairment must be taken under consideration 28, Rhinitis is also associated with a
considerable financial burden [, All of the above constitute the indirect costs of rhinitis, but there also exist direct costs
such as physician office visits, lab tests and medication [,

| 2. Allergic Rhinitis

Allergic rhinitis is a well-defined endotype according to ARIA. It is defined as an IgE-mediated, type 1 hypersensitivity
response to a spectrum of inhaled environmental allergens BI3I14ILS] - Ajlergic rhinitis is characterized by anterior or
posterior rhinorrhea, nasal congestion/blockage, itching of the nose, and sneezing occurring for more than one hour on
two or more consecutive days [8. According to ARIA, allergic rhinitis is categorized based on symptom duration,
intermittent and persistent, and severity, mild-moderate and severe. Allergens associated with allergic rhinitis are proteins
that come from airborne particles including pollens, dust mites, insect feces, animal dander, and molds (SIL31[141[15] The
common comorbidities associated with allergic rhinitis are asthma and conjunctivitis. Its strong correlation with asthma
may be explained by the theory of the unified airway, which dictates that the upper and lower airway inflammation share
common pathophysiologic mechanisms, coexisting and communicating via the systemic circulation LEILALEILI - Clinjcal
expression of the disease is a result of a cascade of immunological and biochemical events. Allergens are inhaled,
superimposed to nasal mucous, and diffuse into nasal tissues. Then, antigen-presenting cells (APCs) break antigens into
antigenic peptides and migrate to lymph nodes to present the peptides to naive CD4+ T lymphocytes (T cells) 123,



The process of activation of CD4+ T lymphocytes includes the interaction of specific surface T-cell receptors with allergen
MHC class Il complexes on the APCs 1829 pendritic Cells (DCs) and signals from antigen presentation assist the
differentiation of naive T helper cells to Thl or Th2. Th2 lymphocytes activate the production of specific cytokines which
cause the synthesis of IgE antibodies from B-cells. IgE antibodies have the ability to bind to high-affinity receptors on the
surface of dendritic cells, on low-affinity receptors on monocytes-macrophages and B-lymphocytes and on high-affinity
tetrameric receptors FceRl on mast cells and on basophils 231211221 The [atter interaction induces the cellular allergic
reaction and the activation of several signaling cascades. One of these leads to granule exocytosis and release of
preformed or newly created inflammatory mediators (such as histamine, leukotrienes, prostaglandins, platelet-activating
factor, etc.).

The nasal allergic reaction is distinguished in early and late phases. The symptoms of early phase begin almost
immediately after exposure to the responsible allergen, arrive at a peak in a few minutes, and subside within one to
several hours &l within minutes from the exposure, the interaction between IgE and allergen leads to degranulation of
mast cells and release of inflammatory mediators such as leukotrienes, prostaglandins, cytokines, and histamine. These
molecules are responsible for symptoms such as sneezing, itching, rhinorrhea, and nasal congestion 23l Histamine
binds on the H1 receptors and provokes virtually all of the early phase symptoms. During the late phase, the most
dominant symptom is nasal congestion. The release of mediators that has taken place in the early phase leads to
infiltration of nasal mucosa by basophils, eosinophils, neutrophils, mast cells and mononuclear cells. The mast cells have
been found to play a prominent role not only in the allergic response but also in sustaining the allergic response
chronically. This is mainly related to the fact that mediators produced by the degranulation of mast cells and histamine
play an important role in the recruitment of Th2 lymphocytes to target organs 23124l The cysteinyl leukotrienes are mainly
responsible for the activation of eosinophils. Eosinophils are predominant in the late phase response and are associated
with the progression of allergic symptoms 23, Proinflammatory mediators, cationic proteins, eosinophil peroxidase, and
cysteinyl leukotrienes are released from eosinophils 124,

A thorough medical history and a detailed clinical examination may lead to the suspicion of allergic rhinitis. The diagnostic
tests for allergic rhinitis are separated into in vivo, which are percutaneous skin tests (skin prick tests); and in vivo,
including the radioallergosorbent test (RAST), multiple antigen simultaneous testing (MAST), fluoroallergosorbent test
(FAST), and immunoassay capture test (ImmunoCAP). The most common diagnostic tests for allergic rhinitis are
percutaneous skin test (skin prick test) and the allergen-specific immunoglobulin E (IgE) antibody test (RAST), which
recently has been replaced with ImmunoCAP tests. Skin prick testing involves introducing controlled amounts of allergen
and control substances into the skin. Skin testing provokes both types of responses, early and late; however, the main
goal is detecting the immediate allergic response caused by the release of mast cell or basophil IgE-specific mediators,
which create the classic wheal-and-flare reaction within fifteen minutes 22, A positive result is defined as a wheal 23 mm
diameter 251 Allergen-specific IgE antibody testing (radioallergosorbent testing [RAST]) is useful in primary care if
percutaneous testing is not practical (e.g., problems with reagent storage, expertise, frequency of use, staff training) or if it
is contraindicated (e.g., medication such as tricyclic antidepressants, antihistamines) MI25, Even if RAST is highly
specific, it is costly, time-consuming as to the results and not as sensitive as skin testing. Although the available
commercial RAST products are generally reliable, they do not always provide reproducible, accurate data. The
ImmunoCAP system is an in vitro test using three-dimensional cellulose solid allergen phase in order to detect specific
IgE to allergen components. It has been found that ImmunoCAP tests have similar sensitivity for house dust and lower
sensitivity for pollen, dog dander and Candida compared to skin prick tests [28l. The MAST test uses no radioactive agents
and allows simultaneous examination of multiple antigens. The MAST system provides similar information as the CAP
system [28127](28] However, the CAP system seems to have better sensitivity 28, The FAST is a method that measures
specific serum IgE by a chemical-radiating method such as MAST and was first used as an inhibition assay in order to
determine cross-reaction activity between aeroallergens (28129 |n comparison with MAST, FAST requires less time to be
analyzed and less serum quantity to be used 28129,

Medical therapy includes intranasal corticosteroids, which are safe in administration to adults and children and are
superior to the combination of oral antihistamines and leukotriene receptor antagonists (LTRAs) WY, First-generation
antihistamines are no longer recommended due to their side effects, while second generation oral antihistamines have
strong H1 receptor selectivity and weak anticholinergic action. Intranasal corticosteroids show efficacy in controlling
allergic rhinitis symptoms and are found to be more effective than intranasal antihistamines. The combination of intranasal
corticosteroids and intranasal antihistamines has been shown to be even more effective than each agent alone [E3132],
Nasal irrigation is widely used in all types of rhinitis with isotonic or hypertonic saline and helps in the removal of mucous
and the clearance of inflammatory medication. It remains unclear if hypertonic saline has a better effect compared to
isotonic saline B3l Intranasal cromolyn/nedocromil are used prophylactically in AR because of their inhibitory activity on
mast cells degranulation through stabilizing the membrane of mast cells B4l Even though their use is safe, it seems that



their action is less effective compared to topical corticosteroids/antihistamines because they have no action in already
released inflammatory factors B4, Omalizumab is an anti-lgE humanized monoclonal antibody which is approved for
chronic urticaria and severe allergic asthma 2. It has been found that it reduces nasal and ocular symptoms in AR but
has not been approved for treatment of AR yet LI38l Specifically, a randomized placebo control, double blinded trial was
conducted which proved that omalizumab prevents and controls nasal and ocular symptoms in moderate—severe
seasonal allergic rhinitis to pollen in Japan BZ. However, it has not been approved for seasonal allergic rhinitis yet &7,
Mepolizumab, reslizumab and benralizumab are humanized mAbs against II-5 which have an effect on eosinophilic
asthma; the effects are even promising in AR, and are still under further investigation [LI38],

Individuals with allergic rhinitis (AR) are positive for the skin prick test and/or serum-specific (s)IgE/RAST. However, some
patients with seasonal or perennial rhinitis have negative SPT and RAST and a positive nasal provocation test (NAPT) for
specific allergens. This phenotype has been termed local allergic rhinitis (LAR) and is not included in AR or NAR groups
[361138][39] | AR is characterized by nasal mucosa localized allergic response type 2 19 with the presence of nasal-specific
IgE (NsIgE). The typical profile of patients with LAR includes mostly young women, non-smokers with moderate/severe
rhinitis, with persistent/perennial clinical behavior, and with conjunctivitis and asthma 8. House dust mites are the most
common allergic triggers in LAR. Apart from mites, the mold alternaria is an allergen more often found in LAR, while pollen
and animal dander appear more often in patients with AR 2238 The diagnosis of LAR begins with clinical history, family
history of atopy/asthma, and exclusion of CRS with nasal endoscopy and/or CT scan 28, If the SPT and sIgE are positive,
the diagnosis of AR is made. In case these are negative, the response of the target organ to an allergen challenge must
be evaluated 2. The gold standard in LAR diagnosis is the nasal allergy provocation test (NAPT), and alternatively the
detection of sIgE in nasal secretions or a positive basophil activation test (BAT) . It is worth mentioning that there are
patients with persistent symptoms of rhinitis who are positive only to seasonal allergens on SPTs. Some of these patients
are positive to NAPT to perennial allergens with their rhinitis phenotype characterized as dual allergic rhinitis (DAR),
referring to the contemporary local and systemic sensitization in the same individual 38,

| 3. Non-Allergic Rhinitis (NAR)

Non-allergic rhinitis is a chronic rhinitis without clinical manifestations of endonasal infection and systemic allergic
inflammation (negative SPT, negative total blood IgE, and RAST tests) WEl Non-allergic rhinitis represents a
heterogenous group of patients which may be classified into at least six subgroups:

(1) Drug-induced rhinitisFurther classification of NAR has been proposed, based on the cellular inflammatory profile.
(2) Hormone-induced rhinitisNARES (non-allergic rhinitis with eosinophilia) and neutrophilic NAR are the most common
(3) Senile rhinitis or rhinitis of the elderlytypes, with NARES defined by more than 20% eosinophils in nasal smears
(4) Gustatory rhinitiswithout any evidence of allergy or other nasal pathology and is associated with other comorbidities
(5) Occupational rhinitissuch as asthma B9 However, as to whether NARES represents a distinct phenotype or its
(6) Idiopathic rhinitispathophysiologic mechanisms overlap with various other conditions is controversial (2. Neutrophilic
(7) Atrophic rhinitisNAR is defined by infiltration of equal to or more than 20% neutrophils on the nasal smear without the
presence of other inflammatory organisms such as bacteria or fungi “9. NAR with mast cells and mixed NAR (with
eosinophils and mast cells) are less distinguishable, less common, and more difficult to treat 49,

| 4. Infectious Rhinitis

Nose and sinuses share common vascular and anatomic pathways, a fact that explains why rhinitis coexists with sinusitis.
Acute viral rhinitis is the most common form of upper respiratory infection and is usually due to viral rather than bacterial
agents B Common causes of viral rhinitis include rhinovirus, coronavirus, adenovirus, influenza virus, parainfluenza
virus, respiratory syncytial virus, and enterovirus B4 These viruses provoke damages in tight junctions among epithelial
cells, disrupt their membranes, invade the epithelial cells, and dominate host cell metabolic activity, using it for their
development and causing host cell destruction and death. Usually, the symptoms of infectious rhinitis are self-limited and
there is no need for medical therapy as the initial approach of the disease ¥4, Antibiotic administration is not indicated for
viral rhinitis, unless there is bacterial superinfection &, There are antiviral molecules such as interferon alpha (INF-a)
that are proved to be effective in acute viral rhinitis by shortening the duration and severity of symptoms 411,
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